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Abstract 

Introduction: Triple-negative breast cancer (TNBC) is the most aggressive subtype of breast 

cancer, and urgently needs new potent therapies. Bromodomain and extra-terminal proteins (BET) 

are primary regulators of RNA polymerase II, which also regulate gene transcription. For cancer 

patients, numerous BET inhibitors are now undergoing clinical trials. Unfortunately, the responses 

to BET inhibitors varied between preclinical and clinical investigations, necessitating more 

research into their functions in cancer. 

Materials and methods: Gene expression data were acquired from The Cancer Genome Atlas the 

(TCGA), Cancer Cell Line Encyclopedia (CCLE), and the Human Protein Atlas (HPA) to analyze 

the gene and protein expression of BET family members in TNBC patients and cell lines. One cell 

line (MDA-MB-231R) resistant to the BET inhibitor JQ1 was established from the parental cell 

line MDA-MB-231. The cytotoxicity of the medications following treatments was assessed using 

the MTT test. The cell cycle, cell apoptosis, and BH3 profiling analyses were carried out using 

FACS analysis. Western blotting was used to detect protein expression before and after treatments. 

Results: Particularly in TNBC tissues and cell lines with the low rate of mutations, BRD4 was 

overexpressed in breast cancer. The BET inhibitor JQ1 could induce cell cycle G1 arrest, 

senescence, and minor cell apoptosis in TNBC. When combined with CDK9 inhibitors, JQ1 

showed a strong synergistic effect in TNBC cell lines by inducing apoptosis. It was discovered 

through the use of the BH3 profiling assay and the MTT assay that BCL-xL was necessary for the 

survival of MDA-MB-231 and MDA-MB-231R cells, whereas that of MDA-MB-436 cells was 

dependent on BCL-xL and MCL-1. According to Western blot analysis the combination of JQ1 

and CDK9 inhibitor dramatically reduced the expression of BCL-xL and MCL-1 in TNBC cell 

lines. Therefore it is likely that apoptosis induced by combination of both substances is a result of 

reduction of BCL-xL and/or MCL-1. 

Summary/conclusions: Promising Targets in TNBC include BET proteins, particularly BRD4. The 

BET inhibitor JQ1 is a potential therapeutic agent in treatment of TNBC treatment. Moreover, the 

combination of BET and CDK9 inhibitors has a synergistic inhibitory effect in TNBC treatment 
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not only in JQ1-sensitive cell but also in primary and secondary resistant cell lines by inducing 

cell apoptosis possibly through suppressing MCL-1 and BCL-xL. 
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Zusammenfassung 

Einleitung: Das triple-negative Mammakarzinom (triple negative breast cancer, TNBC) gilt als 

der aggressivste Subtyp von Mammakarzinomen und es werden für diese Entität dringend neue 

wirksamere Therapieansätze gesucht. Bromodomain und Extra-Terminal (BET)-Proteine sind 

Schlüsselregulatoren der RNA-Polymerase II und kontrollieren die Gentranskription. Derzeit 

werden BET-Inhibitoren in klinischen Studien für Krebspatienten untersucht. BET-Inhibitoren 

zeigten bis dato unterschiedlichen Ergebnissen in präklinischen Studien untersucht, weshalb ihre 

Rolle bei Tumortherapien, insbesondere beim TNBC, weiter erforscht und definiert sollte. 

Material und Methoden: Genexpressionsdaten wurden vom Cancer Genome Atlas (TCGA), der 

Cancer Cell Line Encyclopedia (CCLE) und dem Human Protein Atlas (HPA) heruntergeladen, 

um die Expression der BET-Familie bei TNBC-Patienten und Zelllinien zu analysieren. Eine 

Zelllinie (MDA-MB-231R), die gegen den BET-Inhibitor JQ1 resistent war, wurde aus der 

ursprünglichen Zelllinie MDA-MB-231 entwickelt. An TNBC-Zelllinien wurde die Zytotoxizität 

der Substanzen mittels MTT-Assay untersucht. Zellzyklus, Zellapoptose und BH3-Profiling 

wurden mittels FACS analysiert. Die Proteinexpression nach der Behandlung wurde mittels 

Western Blot analysiert. 

Ergebnisse: BRD4 wird bei Brustkrebs überexprimiert, besonders in TNBC-Gewebe und 

Zelllinien mit zugleich niedriger Mutationsrate. Der BET-Inhibitor JQ1 induzierte Zellzyklus-G1-

Arrest, Seneszenz und geringe Zellapoptose in TNBC. In Kombination mit CDK9-Inhibitoren 

zeigte der Bromodomain-Inhibitor JQ1 jedoch einen starken synergistischen Effekt auf TNBC-

Zelllinien bei der Apoptose-Induktion. Mit Hilfe des BH3-Profiling-Assays und MTT-Assays 

konnte gezeigt werden, dass das Überleben von MDA-MB-231- und MDA-MB-231R-Zellen von 

BCL-xL abhängt, während die Überlebensrate der MDA-MB-436-Zellen von BCL-xL und MCL-

1 abhängig ist. Die Western-Blot-Analyse zeigte, dass die Kombination von JQ1 und CDK9-

Inhibitoren eine signifikante Herabregulierung der BCL-xL- und MCL-1-Expression in TNBC-

Zelllinien bewirkte. Daher wat es wahrscheinlich, dass die durch die Kombination der beiden 

Substanzen induzierte Apoptose auf eine Verringerung von BCL-xL und/oder MCL-1 

zurückzuführen ist. 



 
 
14 

Zusammenfassung/Schlussfolgerungen: BET-Proteine, insbesondere BRD4, sind 

vielversprechende therapeutische Zielstrukturen beim TNBC. Der BET-Inhibitor JQ1 erwies sich 

als effektiv in die Behandlung von TNBC-Zelllinien. Darüber hinaus hat die Kombination von 

BET- und CDK9-Inhibitoren eine synergistische hemmende Wirkung bei TNBC, nicht nur bei 

JQ1-empfindlichen Zellen, sondern auch bei primär und sekundär resistenten Zelllinien, 

möglicherweise durch Apoptoseinduktion über die Unterdrückung von MCL-1 und BCL-xL. 
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1. Introduction 

1.1 Triple negative breast cancer (TNBC) 

The greatest cause of death and a major obstacle to extending life is cancer. According to global 

cancer statistics, female breast cancer has surpassed lung cancer as the most commonly diagnosed 

cancer, with an estimated 2.3 million new cases (11.7%) in 2020 (Sung et al., 2021). Despite a 

high incidence of breast cancer, the mortality has decreased significantly in most subtypes due to 

new therapeutic treatments, such as targeted therapy (Harbeck et al., 2019). However, one subtype 

of breast cancer, the Triple Negative Breast Cancer (TNBC), still has a poor prognosis and more 

effective therapeutic options are needed. According to da Silva et al. (2020), the most aggressive 

subtype of breast cancer is TNBC, which is a breast cancer that lacks Estrogen Receptor (ER), 

Progesterone Receptor (PR), and Human Epidermal growth factor Receptor 2 (HER2) expression. 

It frequently affects young women under 40 years old and is extremely invasive (Yin et al., 2020). 

Systemic Chemotherapy is still the primary medication option for patients with TNBC in the early 

and late stages of the disease, despite the fact that several target treatments are on the horizon 

(Bianchini et al., 2016). The lack of targeted therapies and the poor prognosis of TNBC patients 

has prompted the search for molecular targets to treat patients with these tumors. 

1.2 Bromodomain and extraterminal domain (BET) protein 

Cancer has a complicated etiology that is influenced by both hereditary and environmental factors. 

In cancer cells, alterations in genomic information such as genomic instability and mutations are 

frequently found. Cancer is also frequently caused by reasons other than changes to the genetic 

code, such as deregulation of gene expression. Epigenetics, according to scientists, is the study of 

changes in gene expression adjustments to the underlying sequence. Epigenetic changes can affect 

gene expression in several ways such as DNA methylation, histone modification and Non-coding 

RNA. One of the dynamic histone modifications that controls the transcription of genes is histone 

acetylation (Kelly and Issa, 2017). 

The process of acetylation and deacetylation of lysine residues within the N-terminal tail extending 

from the histone core of the nucleosome are referred to as histone acetylation and deacetylation. 
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The nucleosome is the fundamental unit of chromatin. There are two major structures, 

heterochromatin and euchromatin. Acetylation reduces the contact between the N terminus of the 

histone and the negatively charged DNA phosphate group by removing the positive charges from 

histones. As a result, condensed chromatin changes into a looser structure linked to higher levels 

of gene transcription (Woodcock and Ghosh, 2010). These changes in gene expression are 

modulated by three categories of epigenetic regulatory proteins, which are commonly known as 

“writers”, “erasers”, and “readers” (Figure 1) (Verdin and Ott, 2015). 

 
Figure 1. Programming of the epigenome during development occurs via the activity of a variety of 

epigenetic modifiers, including “readers, writers and erasers” of histone. 

Bromodomain and extraterminal domain (BET) proteins are a class of proteins that function as 

chromatin “readers” and recruit chromatin-modifying enzymes to target gene promotors (Park and 

Han, 2019). BET proteins family is composed of four proteins, namely bromodomain-containing 

protein 2 (BRD2), BRD3, BRD4, and BRDT (Stathis and Bertoni, 2018). The positive 

transcription elongation factor-b (P-TEFb), which phosphorylates serine 2 (S2) on the carboxy-

terminal domain of the RNA polymerase II, and is necessary for transcription elongation, is 

recruited and activated by the BET proteins, which are composed of two bromodomains (BD1 and 

BD2), an extra terminal domain (ET), and a c-terminal domain (CTD). BET proteins recognize 

acetylated (Barrero, 2017). The only ubiquitously expressed member of the BET family that 

directly binds to P-TEFb is BRD4, which has received the most research attention (Perez-Salvia 

and Esteller, 2017). BRD4 protein regulates the transition of cells from M to G1 phase throughout 
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the cell cycle and is necessary for appropriate chromatin stability. This is done in part through the 

recruitment of P-TEFb (White et al., 2019). 

1.3 BET inhibitor in TNBC 

Breast tumors have been found to have amplification or overexpression of BET proteins, 

highlighting their clinical significance. The crucial role of BET proteins in transcription has led to 

the development of small molecule inhibitors that target their functions, known as BET inhibitors 

(Filippakopoulos et al., 2010). 

BET inhibitors, have demonstrated encouraging outcomes in breast cancer cells and xenograft 

models by interfering with the binding of BET proteins to acetylated lysine residues in chromatin 

and consequently inhibiting the transcription of multiple oncogenes (Klauber-DeMore et al., 2018, 

Delmore et al., 2011, Mertz et al., 2011, Shu et al., 2016, Maggisano et al., 2019). Since then, 

numerous selective and pan-BET inhibitors have been developed, including JQ1, I-BET762, OTX- 

015, etc (Zhao et al., 2013, Vazquez et al., 2017, Filippakopoulos et al., 2010). 

It has frequently been confirmed that BET inhibitors reduce the expression of genes important for 

cell proliferation, such as c-myc, thereby inducing G1 cell cycle arrest. C-myc is a potent MYC 

oncogene and is overexpressed in 30-50% of high-grade cancers (Wang et al., 2018, Delmore et 

al., 2011, Li et al., 2019, Klauber-DeMore et al., 2018). In contrast to other malignancies, TNBC 

does not require c-myc suppression to respond to BET inhibitors. BET inhibitors repress the 

growth of multiple in vitro and in vivo types of TNBC by inducing two responses: apoptosis and 

senescence by the suppression of Aurora kinases A and B (AURKA/AURKB) (Sahni et al., 2016). 

Moreover, BET inhibitors suppress carbonic anhydrase 9 (CA9) hypoxia-responsive genes, 

thereby preventing hypoxia-induced upregulation of genes involved in angiogenesis (da Motta et 

al., 2017). 

1.4 BET inhibitor resistance 

Currently, there are many clinical trials of BET inhibitors are currently the subject of numerous 

clinical trials in a variety of malignancies, while TNBC research is less common (Table 1). The 

preliminary results of these research have not been encouraging. The majority of these clinical 

studies have revealed BET inhibitor resistance. 



 
 
18 

BET inhibitor resistance does not seem to be due to changes in gene expression patterns of BET 

proteins, such as copy number alterations induced by particular BET inhibitors or somatic 

mutations in gatekeeper genes. For instance, resistance to BET inhibitors in preclinical proteomics 

studies in TNBC is thought to be caused by downregulation of protein phosphate 2A (PP2A), 

which results in hyperphosphorylation of BRD4, and enhanced interaction and activity with MED1 

(mediator of RNA polymerase II), which then cause an upregulation of transcriptional machinery 

and cell proliferation (Shu et al., 2016). Deubiquitinating enzyme DUB3 binds to BRD4 and 

enhances its deubiquitylation and stability. DUB3 inhibiting substances, such as CDK4/6 

inhibitors, reduce this action (Jin et al., 2018, Ge et al., 2020). Similarly, in other solid cancers, 

the mechanism of resistance to BET inhibitors in lung adenocarcinoma was mediated by casein 

kinase phosphorylation of BRD4 (Calder et al., 2021). Furthermore, BET inhibitor resistance is 

demonstrated to evolve from leukemia stem cells, but not mediated through enhanced drug efflux 

or metabolism (Fong et al., 2015). JQ1 produced little apoptosis in acute myeloid leukemia (AML) 

leukemia progenitor cells that were resistant to the drug, but it promoted autophagy by 

upregulating BECN1 and increasing the production of autophagosomes. Drug-induced autophagy 

inhibition or BECN1 knockdown enhanced JQ1-induced apoptosis in resistant cells (Jang et al., 

2017). A similar result was obtained in ovarian cancer cell (Luan et al., 2019). 

1.5 Combination of BET inhibitors for TNBC 

Focusing on the combination of BET inhibitors with other agents, such as targeted agents and/or 

other epigenetic drugs, is necessary because to the low activity of monotherapy. BET inhibitors 

have been demonstrated to significantly increase the effectiveness of many prior anticancer 

chemotherapeutics and immunotherapeutic agents in preclinical investigations using different 

cancer models (Fiskus et al., 2014, Bauer et al., 2018, Heinemann et al., 2015, Shahbazi et al., 

2016, Lee et al., 2015). 

First, BET inhibitors alone may simply have effects that restrict cell development without 

induction of cell death, but, when combined with other targeted agents, they may have extremely 

produced massive cytotoxic effects. For instance, JQ1 caused cell cycle arrest in osteosarcoma cell 

lines and xenografts without change of c-myc. Growth was inhibited and c-myc was significantly 
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downregulated when rapamycin was administered. On the other hand, BET inhibitors might 

improve the effectiveness of chemotherapy agents. It impaired the toleration of TNBC cells to 

DNA damage following cisplatin exposure, leading to massive cell death (Mio et al., 2019). 

Moreover, JQ1 combined with docetaxel or vinorelbine exhibited a synergistic cytotoxic impact 

(Perez-Pena et al., 2016). 

Secondly, in the case of acquired resistance to targeted therapy, combination therapies seem to 

have particular promise. BET inhibitors may re-sensitize resistant cells to other inhibitors, 

including mTOR inhibitors (Bihani et al., 2015), PI3K inhibitors (Stratikopoulos et al., 2015), 

MEK inhibitors (Zawistowski et al., 2017), tamoxifen (Feng et al., 2014), lapatinib (Matkar et al., 

2015), etc. BET inhibitors have also demonstrated synergistic benefits for mutation-induced 

resistance, such as BRA Fmut (Paoluzzi et al., 2016) and PI3KCA (Stratikopoulos et al., 2015). 

Thirdly, BET inhibitors might enhance the activity of cell cycle inhibitors. For instance, the BET 

inhibitor BI 894999 demonstrated synergistic tumor growth inhibition and c-myc suppression 

when combined with CDK9 inhibitor in AML xenografts (Gerlach et al., 2018). Similar results 

were observed when BET inhibition was combined with CDK2 inhibitor (Bolin et al., 2018), 

CDK7 inhibitor (Guo et al., 2020, Zhang et al., 2020), and CDK4/6 inhibitor (Ge et al., 2020). 

Finally, combination therapies may be used to treat patients who have developed resistance to BET 

inhibitors through combined with AKT inhibitors (Zhang et al., 2017) in SPOP-mutant prostate 

cancer, NF-κB inhibitors in uveal melanoma cells (Ambrosini et al., 2019), AMP-activated protein 

kinase (AMPK) inhibitors in AML (Jang et al., 2017) and PLK1 inhibitors in TNBC (Nieto-

Jimenez et al., 2020). 

1.6 Aims of this study 

The clinical consequences of Triple negative breast cancer (TNBC) are a highly heterogeneous 

disease with the poorest outcome of all breast cancer subtypes and still lacks efficient targeted 

treatment, leading to dismal clinical outcomes. BET proteins are a group of epigenetic targets and 

BET inhibitors have demonstrated potential therapeutic benefits in various hematological and solid 

cancers. Unfortunately, due to drug resistance and/or toxicities of the drugs, preliminary data from 

various clinical trials using BET inhibitors fail to show encouraging results. The clinical 



 
 
20 

applications of BET inhibitors may be improved by reducing drug cytotoxicity by lowering the 

doses and enhancing drug activity by combination therapy with other drugs. In this study, it is first 

analyzed the expression of the BET protein family in breast cancer cells and tissues, as well as 

their mutations, using public database, to confirm its reliability as a drug target. The second goal 

is to determine the sensitivities of TNBC cells to BET inhibitors and to establish resistant cell lines 

to analyze the possible resistant mechanisms. Thirdly, screening for possible combination partners 

of BET inhibitors to enhance their efficacies is performed. Finally, the combination effects are 

analyzed in detail to identify the possible underlying mechanisms. 
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Table 1. Clinical trials relate to BET inhibitor according to ClinicalTrials.gov 

BET inhibitor 
NCT 

Number 
Status Results Disease Phases No. Combination 

PLX51107 
NCT0491015

2 

Not 

recruiting 
No Results  Acute Graft Versus Host Disease Phase1 34 N/A 

    Steroid Refractory Graft Versus 

Host Disease 
Phase 2  N/A 

FT-1101 
NCT0254387

9 
Completed No Results  Haematological malignancies Phase 1 94 Azacitidine 

RO6870810 
NCT0306835

1 
Completed No Results  Multiple Myeloma Phase 1 24 daratumumab 

ZEN-3694 
NCT0484058

9 

Not 

recruiting 
No Results  

Metastatic Malignant Solid 

Neoplasm 
Phase 1 51 Ipilimumab 

    Recurrent Malignant Solid 

Neoplasm 
  Nivolumab 

    Recurrent Platinum-Resistant 

Ovarian Carcinoma 
   



 
 
22 

    Refractory Ovarian Carcinoma    

ZEN-3694 
NCT0447197

4 
Recruiting No Results  

Castration-Resistant Prostate 

Carcinoma 
Phase 2 54 Enzalutamide 

    Metastatic Prostate 

Adenocarcinoma 
  Pembrolizuma

b 

    Metastatic Prostate Small Cell 

Carcinoma 
   

    Stage IV Prostate Cancer AJCC 

v8 
   

    Stage IVA Prostate Cancer AJCC 

v8 
   

    Stage IVB Prostate Cancer AJCC 

v8 
   

CPI-0610 
NCT0215763

6 
Completed No Results  Multiple Myeloma Phase 1 30 N/A 

CPI-0610 
NCT0194988

3 
Completed No Results  Lymphoma Phase 1 64 N/A 

BMS-986158 NCT0393646 Recruiting No Results  Solid Tumor, Childhood Phase 1 34 N/A 
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5 

    Lymphoma    

    Brain Tumor, Pediatric    

CPI-0610 
NCT0215885

8 
Recruiting No Results  Myelofibrosis Phase 1 271 Ruxolitinib 

    Leukemia, Myelocytic, Acute Phase 2   

    Myelodysplastic/Myeloproliferat

ive Neoplasm 
   

    Myelodysplastic Syndrome 

(MDS) 
   

GSK525762  
NCT0326615

9 
Withdrawn No Results Solid Tumors Phase 2 0 Trametinib  

GSK525762 
NCT0194385

1 
Completed No Results Neoplasms Phase 2 111 N/A 

GSK525762 
NCT0158770

3 
Completed PR: 2, n = 17 Carcinoma, Midline Phase 1 196 N/A 

ZEN003694 
NCT0271195

6 
Completed No Results 

Metastatic Castration-Resistant 

Prostate Cancer 

Phase 1 

Phase 2 
75 Enzalutamide 
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ZEN003694 
NCT0270546

9 
Completed No Results 

Metastatic Castration-Resistant 

Prostate Cancer 
Phase 1 44 N/A 

INCB054329 
NCT0243126

0 
Terminated PR: 1,n=54 

Solid Tumors and Hematologic 

Malignancy 

Phase 1 

Phase 2 
69 N/A 

Birabresib 
NCT0225911

4 
Completed 

PR (NMC): 

3,n=46 
NUT Midline Carcinoma Phase 1 47 N/A 

    Triple Negative Breast Cancer    

    

Non-small Cell Lung Cancer 

with Rearranged ALK 

Gene/Fusion Protein or KRAS 

Mutation 

 

    Castrate-resistant Prostate 

Cancer 
   

    Castration-resistant Prostate 

Cancer 
   

    Pancreatic Ductal 

Adenocarcinoma 
   

CPI-0610 NCT0298691 Withdrawn No Results  Peripheral Nerve Tumors Phase 2 0 N/A 
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9 

Birabresib 
NCT0269818

9 

Not 

recruiting 
NR, n=9 

AML Including AML de Novo 

and AML Secondary to MDS 
Phase 1 9 N/A 

    DLBCL    

*CR complete response, PR partial response, NR no response. 



2 Materials and Methods 

2.1 Materials 

2.1.1 Media 

Table 2. Cell culture media and supplements 

Product Cat # Company 

RPMI1640 medium Supplement* 21875-034 Gibco 

Fetal Bovine Serum (FBS) 10270-106 Gibco 

Penicillin/streptomycin. 11548876 Gibco 

Amphotericin B 11120009 Corning 

*The media were mixed with 10% FBS, 1% (w/v) penicillin/streptomycin, and 1% amphotericin 

B 

2.1.2 Antibodies 

Table 3. List of antibodies 

Antigen Label Company Clone Cat # Isotype Con. 

Actin HRP Santa Cruz Polyclonal F0711 Goat 1:200 

BCL-xL HRP Santa Cruz Monoclonal Sc-8392 Mouse 1:200 

BCL-2 HRP Dako Monoclonal M0887 Mouse 1:1000 

MCL-1 HRP Santa Cruz Monoclonal Sc-12756 Mouse 1:200 

cytochromec FITC BioLegend 6H2.B4 983502 IgG1 1:400 

PARP HRP CST Polyclonal #9542 Rabbit 1:1000 

2.1.3 Chemicals and drugs 

Table 4. List of chemicals and drugs 

Drug Cat NO. Dose Company 

A1331852 B2948-5 5mg Biovision 

ABT-199 T219 10mg TargetMol 

ABT263 Sc-20724 10mg Santa Cruz 
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AZD1208 20235 5mg Cayman chemical 

AZD1480 10702 5mg Cayman chemical 

AZD4573 112088 10mg MedChem Express 

BSK-805 16714 5mg Cayman chemical 

CDK2-IN-4 117535 10mM×1ml MedChem Express 

GSK-650394 SML0773 5mg Sigma 

I-BET762 10676 1 mg Cayman chemical 

JQ1 1268524 10mg Adoopbio-science 

LDC4297 12653 10mg MedChem Express 

PD0332991 16273 10mg Cayman chemical 

S63845 S8383 1mg Selleckchem 

SGI-1776 16423 5mg Cayman chemical 

2.1.4 Chemicals and buffers 

Table 5. List of chemicals and buffers 

Solutions and buffers Company 

0.25%Trypsin-EDTA(1x) Gibco 

1.5 M Tris-Hcl (PH=6.8) solution Sigma 

1.5 M Tris-Hcl (PH=8.8) solution Sigma 

10% APS Solution Sigma 

10% SDS solution Sigma 

Acrylamide Roth 

Alamethicin Enzo 

Bovine serum albumin (BSA) (IgG Free) VWR 

Digitonin Sigma 

DPBS(1x) Gibco 

EDTA Sigma 
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EDTA-free protease inhibitor Merck 

EGTA Sigma 

Formaldehyde solution  Sigma 

HEPES Free acid Sigma 

KCL Sigma 

Mannitol Sigma 

Membrane blocking agent GE healthcare UK 

PBST solution Sigma 

Pierce Bovine Serum Albumin Standard Ampule Thermo Fisher 

Polaxamer 188 Fisher 

Ponceau S staining reagent Abcam 

Precision Plus Protein western blotting Standards Bio-Rad 

Protein Extraction Reagent Novagen 

Polyvinylidene difluoride (PVDF) membrane Bio-Rad 

Re-blot plus strong solution EMD Milipore Com 

ß-mercaptoethanol Merck 

Succinic Acid Sigma 

Temed Roth 

Tween 20 VWR 

2.1.5 BH3 profiling buffers 

2.1.5.1 Mitochondrial buffers (MEB) 

Table 6. Components of mitochondrial buffers (MEB) 

MEB2-P25 for iBH3 MW [Stock] M Final Conc. Final Vol (L) Mass (g) 

150 mM Mannitol 182 

 

 

 

 

 

- 0.15 0.5 13.65 

10 mM HEPES-KOH  238.3 - 0.01 0.5 1.19 



 
 
29 

150 mM KCl 74.55 - 0.15 0.5 5.59 

1 mM EGTA 380.35 0.5 1x10-3 0.5 1 mL 

1 mM EDTA 292.24 0.5 1x10-3 0.5 1 mL 

0.1 % BSA 66463 100% 0.1 0.5 0.500 

5 mM Succinate 118.09 - 0.005 0.5 0.295 

Polaxamer 188 8400 - 2.5 g/L 0.5 1.25 

Water was added to a beaker with the solids (Mannitol, HEPES, Succinic acid, BSA, KCl, EDTA 

and EGTA) dissolved them, the pH was adjusted to 7.5 +/- 0.1 with KOH, and water was added 

to the final volume, the mixture was then filtered through a 0.22-micron filter and kept at 4 oC. 

2.1.5.2 10X Tween20 intracellular staining buffer (For cytochrome c antibody staining) 

50 mL of PBS was used to dissolve 1 mL of Tween20 and 5g of BSA, the mixture was then filtered 

through a 0.22-micron filter and kept at 4 oC. 

2.1.5.3 Peptide stock 

Table 7. List of peptide stock 

Peptide Name 
Sequence 

Extinction Coeff. 280 nm 

N-Term C-Term 

hBIM Acetyl-MRPEIWIAQELRRIGDEFNA-Amide 5500 cm-1 M-1 

Puma Acetyl -EQWAREIGAQLRRMADDLNA- Amide 5500 cm-1 M-1 

HRKya Acetyl -SSAAQLTAARLKALGDELHQY- Amide 1490 cm-1 M-1 

MS1b Acetyl-RPEIWMTQGLRRLGDEINAYYAR-Amide 8480 cm-1 M-1 

FS1c Acetyl-QWVREIAAGLRLAADNVNAQLER-Amide 5500 cm-1 M-1 

a HRKy is a BCL-xL specific peptide. 

b MS1 is a non-natural MCL-1specific peptide. 

c FS1 is a non-natural BFL1/BCL2A1-specific peptide. 
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The Charité Institute of Biochemistry provides the required sequence of peptides. The 

concentration of each peptide was assessed using UV absorbance at 280 nm after it had been 

dissolved in DMSO. 

2.1.6 Kits 

Table 8. List of kits 

Kit Company 

Cell Proliferation Kit I (MTT) Sigma 

PE Annexin V Apoptosis Detection Kit I BD pharmingen 

Zombie Aqua Fixable Viability Kit BioLegend 

Senescence-ß-Galactosidase Staining Kit  Sigma 

Pierce BCA Protein Assay Reagent Thermo Fisher Scientific 

Immuno Cruz Western Blotting Luminol Reagent Santa Cruz 

2.1.7 Devices 

Table 9. Devices 

Devices Company 

Eppendorf centrifuge 5810R Eppendorf 

Eppendorf centrifuge 5417R Eppendorf 

Hoefer Semi Phor semi-dry transfer unit Hoefer, Inc 

Trans-blot SD semi-dry transfer cell Bio-Rad 

Mini protean Tetra cell Bio-Rad 

VersaMax microplate reader Molecular Devices 

Electrophoresis (PAC-200) Bio-Rad 

EMB 200-2 KERN & SOHN GmbH 

IKA Magnetic stirrers IKA 

Eppendorf mixer 5436 Eppendorf 
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Microscope Leica 

HeRaeus Cell incubator Thermo Fisher Scientific 

Nanodrop 1000 spectrophotometer VWR 

CytoFlex Flow cytometer Beckman Coulter GmbH 

2.1.8 Miscellaneous materials 

Table 10. List of material 

Material Company 

0.2μM Sterile filter Sarstedt AG & Co.KG 

0.5,1.5-, and 2-ml reaction tubes Sarstedt AG & Co.KG 

0.2 μM filter Sarstedt AG & Co.KG 

6-,12-,24-,48-, and 96-wellplates Greiner Bio-One 

25cm2, 50 cm2,75 cm2 Cell culture flask Falcon 

2 ml, 5 ml, 10 ml, 25 ml pipettes Sarstedt AG & Co.KG 

10 ml syringes BD Biosciences 

Counting chamber Paul Marienfeld 

2.1.9 Software 

Table 11. Software 

Software Company 

EndNote x7 Thomson Reuters 

FACS® Diva BD Biosciences 

FlowJo 7.2.5 and V10 Tree Star. 

GraphPad® Prism Version 6.0 Graph Pad Software 

Illustrator CC Adobe 

Microsoft® Office 365 ProPlus Microsoft 

Photoshop CC Adobe 

R studio RStudio, Inc. 

2.2 Methods 
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2.2.1 Data mining 

The gene expression data (HTSeq-FPKM and HTSeq-counts) with clinical information from the 

BRCA project were retrospectively collected from TCGA database 

(https://cancergenome.nih.gov/) (Tomczak et al., 2015), and level 3 HTSeq-FPKM data were 

converted to Transcripts Per Million (TPM) for the following analyses. The cancer cell line 

encyclopedia was used to download information about BRD4 mRNA expression in breast cancer 

cell lines (https://portals.broadinstitute.org/ccle) (Barretina et al., 2019, Barretina et al., 2012). The 

R Bioconductor package maftools was used to evaluate the gene mutation data that was download 

from TCGA (Mayakonda et al., 2018). The human protein atlas (https://www.proteinatlas.org) 

was used to download the BET protein expression data (Uhlen et al., 2015). 

2.2.2 Cell culture 

2.2.2.1 Cell lines 

2.2.2.1.1 MDA-MB-231 

The MDA-MB-231 cell line is an epithelial, human breast cancer cell line that was established 

from a pleural effusion of a 51-year-old Caucasian female with a metastatic mammary 

adenocarcinoma. It is TNBC cell line that lacks ER, PR and HER2 expression with the KRAS and 

BRAF mutation that is extremely aggressive, invasive and poorly differentiated (Hollestelle et al., 

2010). 

2.2.2.1.2 MDA-MB-436 

The MDA-MB-436 cell line, an epithelial human breast cancer cell line, was created from a pleural 

effusion of a 43-year-old Caucasian female with a metastatic infiltrating ductal carcinoma. 

Moreover, it was a TNBC cell line lacking ER, PR and HER2 expression and had the RB1 and 

BRCA1 mutation (Elstrodt et al., 2006, Hollestelle et al., 2010). 

2.2.2.2 Culture conditions 

At 37 oC and 5% CO2 cells were cultured in RPMI supplemented with 10% fetal calf serum, 1% 

penicillin, and streptomycin. Cells were passaged every 3-4 days. 

2.2.2.3 Cell counting method 

Cell suspensions were mixed (1:4 v/v) with 0.4% trypan blue solution (Sigma Aldrich). Trypan 
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blue cannot pass through intact living cell membranes, only dead and damaged cell membranes 

can be stained with trypan blue. A 10 µl cell / trypan blue mixture was transferred to a Neubauer 

chamber, after which the cells was counted in the four squares under the microscope. By 

multiplying the average number of cells per square, the dilution factor, and the chamber factor 

(10,000), the cell number per ml suspension was calculated. 

2.2.3 Cells viability via 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide (MTT) 

assay 

Cells were seeded in a 96-well plate in 6 replicates at the density of 2×103/well and incubated 

overnight, then treated with serial dilutions of JQ1 and I-BET762 at 37 °C for 72 hours to assess 

the dosage response to BET inhibitors. After 72 hours treatment, cells were incubated with 10 ul 

yellow MTT solution for 2-3 hours in the incubator. The 100 ul solubilization solution was then 

added and the plate was left in the incubator’s humidified atmosphere for the duration of the next 

day. A microplate reader was used to measure the cells’ spectrophotometry and the formazan 

product’s absorbance wavelength was 490 nm. 

2.2.4 Assessment of combination index via MTT assay 

Cells were seeded in a 96-well plate in 3 replicas at the density of 2×103/well and adhered 

overnight to test the efficacy of combination therapy. Cells were treated with serial dilutions of 

JQ1 or second drug at 37 °C for 72 hours. After 72 hours treatment, cells were incubated with 10 

ul yellow MTT solution for 2-3 hours in the incubator. The 100 ul solubilization solution was 

added then and the plate was incubated in the incubator with a humidified atmosphere for the 

duration of the next day. The spectrophotometry of the cells was measured by A microplate reader 

was used to measure the cells’ spectrophotometry, and the wavelength which the formazan product 

was absorbed was 490 nm. The Combination Index (CI) was calculated via calcusyn software. CI 

< 1, = 1 and > 1 indicated synergism, additivity and antagonism, respectively. 

2.2.5 Establishment of JQ1-resistant cell line 

The JQ1-sensitive triple negative cell line MDA-MB-231 was used in order to create a cell line 

that is secondary resistant to JQ1. JQ1 resistant cell line is established by exposure to increasing 

concentration of JQ1. First, the MTT assay was used to calculate the IC50 (half maximal inhibitory 
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concentration) dose of JQ1 after 72 hours treatment. Next, the cells were passaged, left overnight 

for attachment and then replaced with media containing a 1/4 IC50 dose of JQ1. Passage the cells 

and kept media with the same dose of JQ1 in the presence of cells that had reached 70-80% 

confluence. After 2-3 times of passage, 1.5 times of the drug dose was increased. This protocol 

was repeated for a period of approximately 9 months, until the cells exhibited stable growth and 

proliferation in a culture medium with 5 µmol/L of JQ1. MDA-MB-231/JQ1 resistant (hereafter 

MDA-MB-231R) is the name of the resistant cell line (Figure 2). 

 

2.2.6 Cell cycle via Propidium Iodide (PI) staining 

Cells were plated in 6-well plates at a density of 1×105 cells/well and exposed to various 

concentrations of drug (the concentrations of JQ1 used in MDA-MB-231 is 0.1 µmol/L, 1 µmol/L, 

MDA-MB-231R and MDA-MB-436 is 0.5 µmol/L, 1 µmol/L for 48 hours). After drug treatment, 

cells were collected and then fixed in cold 70% ethanol and kept at 4°C overnight. After being 

stained with PI /RNase staining solution for 40 minutes at 37 °C and being rinsed with cold PBS, 

the cell cycle was analyzed using a flow cytometry and flowjo software. 

2.2.7 Cell apoptosis via Annexin V/PI assay 

Cells were seeded in 6-well plates overnight at a density of 1×105 cells/well and treated with JQ1 

and/or AZD4573 for 48 hours. Cells were detached by 0.25% trypsin after 48 hours drug treatment, 

washed twice with 5 ml cold PBS and then resuspend in 1X Binding Buffer at a concentration of 

1 x 106 cells/ml. A 5 ml FACS tube was filled with 100 µl of the solution (1 x 105 cells). The cells 

were gently vortexed after 1 ul of FITC Annexin V was added and incubated at room temperature 

(25 °C) for 15 minutes in the dark. 400 ul of 1X Binding Buffer and 2ul PI were added to each 

sensitive resistance 

9 months 

Figure 2. Workflow of establishment of resistant cell line. 
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tube. The cell apoptosis was analyzed using a flow cytometry and flowjo software. The apoptosis 

rate was calculated as the sum of proportion of early apoptotic and late apoptotic cells.  

2.2.8 Cell senescence via Senescence-ß-Galactosidase staining assay 

On 24-well plates, cells were plated overnight at a density of 1×104 cells/well and treated with 

various concentrations of JQ1. Cells were washed twice with 1 ml PBS per well after 72 hours 

treatment period. 300 ml per well of 1× Fixation Buffer was added and the plate was placed for 10 

min at room temperature. The cells were washed 3 times with 1 ml PBS per well. 200ul of the 

staining mixture (prepared in advance according to the manufacturer's instructions) was added to 

each well and incubated at 37 °C without CO2 until the cells were stained blue (2 hours to overnight, 

depending on the cells). To keep the plate from drying out, it was sealed with Parafilm and 

examined under a microscope. 

2.2.9 BH3 profiling 

BH3 profiling is a peptide-based technique for predicting the apoptosis of cancer cells by 

measuring the ability of different BH3 peptides to induce mitochondrial depolarization as a 

surrogate marker of cellular apoptotic response. 

More than fifteen members of the BCL-2 family of proteins interact at the mitochondrial level to 

control the intrinsic pathway of apoptosis, which determines whether an individual will live-or-

death decision. Apoptosis is triggered when the pro-apoptotic, pores-forming proteins BAK and/or 

BAK are activated by the pro-apoptosis activators, BIM or BID. Upon activation, BAX and BAK 

homo-oligomerize and cause Mitochondrial Outer Membrane Permeabilization (MOMP) which 

allows the cell to undergo irreversible apoptosis. The creation of the apoptosome and subsequent 

activation of the caspase cascade are caused by the release of cytochrome c into the cytosol when 

these pores in the outer mitochondrial membrane are produced (Fraser et al., 2019). The pro-

apoptotic BH3 peptides (Figure 3), which mimic the activity of pro-apoptotic proteins from the 

BCL-2 family are used in the BH3 profiling test to determine the degree of cytochrome C release. 

A live cell is said to be "primed" for apoptosis if it expresses precisely the right amount of pro-

survival proteins to block natural pro-apoptotic signals. In contrast, a cell is "unprimed" if it 

expresses an excess of pro-survival proteins that can act as a buffer against current and possibly 
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future pro-apoptotic molecules. Finally, cells that do not express sufficient levels of BAX and 

BAK to undergo MOMP and thus commit to apoptosis are “apoptosis refractory” (Figure 4). In 

order to identify whether the cells are primed or unprimed for apoptosis and which BCL-2 

members of pro-survival molecules the cell is used for evasion of apoptosis, the BH3 profiling 

measures the amount of cellular cytochrome c that released in response to a board range of BH3 

peptides. 

 

Figure 3. Binding pattern for BCL-2 family interactions. 

Binding affinities for interactions between BH3 peptides generated from activator or sensitizer BH3-only proteins and 

their pro-survival and pro-apoptotic partners. Synthetic peptides are indicated by (syn) (Fraser et al., 2019). 

 
Figure 4. Response of three cell types (primed, unprimed and refractory) to pro-apoptotic BIM-BH3 

induced apoptosis (Fraser et al., 2019). 

2.2.9.1 Experimental procedure 
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Cells were plated in 6-well plates overnight at a density of 1×105 cells/well and treated with JQ1 

and/or AZD4573 for 48 hours. After treatment, cells were separated using 0.25% trypsin, counted 

using the trypan blue exclusion assay and then washed twice with 5 ml cold PBS. The cells were 

then resuspended in 100 ul Zombie (1:500 in PBS) at room temperature (25 °C) in the dark for 25 

min. After being spun down, the cells were cleaned in 1 ml PBS with 1% BSA. Then suspended 

at a density of 1×105 cells/ml in MEB buffer. Distribute 50ul cells to 96-well plate. Add 5ul 0.02% 

digit on in and various concentrations of peptide, make up the total liquid volume to 100 ul with 

MEB buffer. Alamethicin was used as a positive control for cytochrome c release and MEB buffer 

alone was used as the negative control. Wait 60 min at room temperature (25°C) in the dark. The 

cells were fixed by adding 40ul of 4% formaldehyde and terminated the peptide exposure and 

waiting for 12 minutes. Cells were washed twice to terminate the fixation using 1% PBS/BSA, 

and then add 90 μl 1% PBS/BSA to each well. Add 10 μl/well of the diluted anti-cytochrome c 

antibody (1:400) and stain at room temperature at 4 °C overnight. The results were analyzed by 

flow cytometry with the following approach. 

2.2.9.2 FACS analysis for BH3 profiling. 

The differences in cytochrome c negative cells can be examined between various 

situations/treatments can be investigated after selecting the population of interest. In our 

experiment, only zombie negative cells were included in the cytochrome c panel. The majority of 

the population in the negative control (DMSO) was cytochrome c positive. As a positive control, 

alamethicin, which results in the entire loss of cytochrome c, was used (Figure 5). 
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Figure 5. Workflow of FACS analysis for BH3 profiling. 

The cell populations are selected by removing debris using the Forward Scatter (FSC) versus Side Scatter (SSC) method, 

multiple cells using the Forward Scatter Height (FSC-H) versus Forward Scatter Area (FSC-A) method, and non-viable 

cells (zombie positive cells) using the histogram method. Alamethicin-treated cells will not be stained positively for 

cytochrome c and be used to set a gate for cytochrome c negative cells. DMSO-treated cells will not loss cytochrome c 

and can be used to set a gate for cytochrome c positive cells. Setting gates in according with the positive control and 

negative control was the method used to quantify cytochrome c loss (Fraser et al., 2019). 

2.2.10 Western blotting 

Cells were placed in 10 cm culture dishes overnight at a density of 1×106 cells/well. Then treated 

with JQ1 and/or AZD4573 for 24 hours and 48 hours. After that, cells were transferred to 50 ml 

Falcon tubes using a cell scraper and washed twice with 5 ml cold PBS before transferring to 1.5 

ml of Eppis. RIPA lysis buffer including protease inhibitor cocktail was added to the cell pellet, 

incubated on ice for at least 20 min then centrifuged at 13,000 rpm for 30 min and the supernatant 
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was stored at -20 °C and used for protein analysis. BCA test reagent was used to determine protein 

concentrations. In order to prepare for loading, 30-40 µg of each protein sample were taken, 

combined with SDS and loading buffer, denatured for 10 minutes at 95 oC, centrifuged at 4 °C and 

placed on ice. The markers and samples were loaded with a 50 µl syringe and two-dimensional 

electrophoresis was run from a low voltage of 50 to 100 volts, 25-30 mA for about 150 min until 

the running straits go down the bottom of the gel. The gel was retrieved and submerse into the 

transfer buffer for 30 minutes, and proteins were transferred using a semi-dry transfer method to 

a polyvinylidene difluoride (PVDF) membrane. The PVDF was activated with methanol for 1 min 

and then rinsed with transfer buffer before preparing the sandwich. Filter paper, Gel, PVDF, and 

then filter paper were used to create a transfer sandwich, ensuring there are no air bubbles between 

the gel and PVDF membrane, and squeezing out extra liquid. Membrane transfer condition: 15 

voltages for 120 minutes. To check the transfer effect, the membrane was stained with Ponceau S 

staining reagent and blocked for 2 hours with 2% membrane blocking agent. Afterwards the 

membrane was shaken and incubated with primary antibody at 4 °C overnight. The next day the 

membrane was rinsed 3 times with PBST for 10 minutes each, the secondary antibody was added 

and incubated for 120 minutes at room temperature (25 °C) under gently shaking. The membrane 

was then rinsed 3 times with PBST for 10 minutes each and the results are detected by Immuno 

Cruz Western Blotting Luminol reagent, which illuminates the film after 2-60 minutes, depending 

on the antibody. Membranes were stripped with Re-blot reagent and rinsed 3 times with PBST for 

10 minutes each. The transfer film was blocked with 2% film blocker for 30 minutes. The process 

was then repeated with another antibody. 

2.2.10.1 Preparing the SDS Polyacrylamide-Gel (SDS-PAGE). 

Table 12. The SDS Polyacrylamide-Gel (SDS-PAGE). 

 Separating Gel 12% Separating Gel 8% Stacking Gel 4% 

Distilled Deionized Water 4.3 ml 5,3 ml 3.2 ml 

Acrylamide 3 ml 2.0 ml 0.5 ml 

1.5M Tris-HCl (PH=8.8) 2.5 ml 2.5 ml - 

0.5M Tris-HCl (PH=6.8) - - 1.25 ml 
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10%SDS 100 µl 100 µl 50 µl 

10% APS 100 µl 50 µl 50 µl 

TEMED 10 µl 5 µl 10 µl 

Volume (total) 10 ml 10 ml 5 ml 

2.3 Statistics 

Statistics were analyzed with R program (version 4.0) and GraphPad® Prism 9 software 

(GraphPad Software, La Jolla, USA). For normal distribution analysis, the Shapiro–Wilk test and 

Kolmogorov-Smirnov-Test were used. For two independent data, the Wilcoxon rank-sum test and 

unpaired t test (with Welch’s correction in data without equal variances) were used; the paired t 

test or the Wilcoxon signed-rank test were used for two dependent data. For more than two 

independent samples, the Kurskal-Wallis test and one-way ANOVA (with Welch’s correction in 

data without equal variances) were used. The half-maximal indices of IC50 were calculated using 

nonlinear regression analysis. P values <0.05 were assumed to be statistically significant. The 

following symbols were used: ns for non-significant, * for P<0.05, ** for P<0.01, *** for P<0.001 

and **** for P<0.0001. Errors bars represent standard errors. 
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3 Results 

3.1 Data analysis 

3.1.1 BRD4 was over expressed in TNBC tissue and cell lines. 

The TCGA database was used to evaluate the expression of the BET family genes in breast cancer 

tissues. And the results revealed that BRD4 mRNA expression was significantly greater in tumor 

tissues than in normal tissues, while BRD2, BRD3 and BRDT exhibited no statistically significant 

differences (Figure 6). Next, it was further analyzed the expression of BRD4 in various types of 

breast cancer tissues were then further examined. The expression of BRD4 mRNA was higher in 

TNBC than in other types of breast cancer tissues (Figure 7). The results were comparable in cell 

lines as well as at the tissue level (Figure 8). 

 

Figure 6. BET family gene expression in breast cancer tissues. 

Breast cancer and normal tissues exhibit different levels of BRD2(A), BRD3(B), BRD4(C) and BRDT(D) mRNA 

expression. Ns for non-significant, *** for P<0.001. Errors bars represent standard errors. 
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Figure 7. BRD4 mRNA expression in different subtype of breast cancer tissues. 

TCGA samples’ tumor subtype information is taken from the article (Berger et al., 2018). ** for P<0.01, and *** for 

P<0.001. Errors bars represent standard errors. 

 
Figure 8. BRD4 mRNA expression in different breast cancer cell lines. 

The classification of cell lines was based on the article (Dai et al., 2017). Ns for non-significant, * for P < 0.05, Errors 

bars represent standard errors. 

3.1.2 BET family genes were barely mutated in breast cancer 

Gene mutation is yet another issue with medication therapy. Mutations of the analysis of BET 

family gene mutations using TCGA data revealed that these genes were little mutated in 

comparison to the most mutated genes in breast cancer patients. BRD4 and BRDT mutations were 
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present in just 1% of patients (Figure 9). 

 
Figure 9. Gene mutation in TCGA breast cancer patients. 

Genes from the BET family (B) were found in 17 samples, and the oncoplot of the top 20 most frequently mutated genes 

(A) were found in 873 samples. Each gene is arranged according to the total number of variants it contains, and the 

percentage next to each gene represents the ratio of tumor samples with its genetic alteration to the overall sample. 

Colored squares represent the presence and kind of gene mutation in the sample, while gray squares represent the absence 

of mutation. Genes that experience multiple mutations in the same sample are those with variants annotated as Multi_Hit. 
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3.1.3 BRD4 protein was highly expressed in breast cancer 

The protein expression of BET family members in breast cancer tissues from HPA database was 

analyzed. Figure 10 showed the image of histological sections of BET family members. BRD4 

was more commonly and more highly expressed than the other three members in the majority of 

patients (Table 13). 

 
Figure 10. Protein expression of BET family gene BRD2 (A), BRD3 (B), BRD4 (C) and BRDT (D) in 

breast cancer patients. 

The images of histological sections from cancer tissues obtained by immunohistochemistry. Samples were divided 

according to the level of antibody staining (high, medium, low and not detected), the intensity of staining (negative, weak, 

medium or strong) and the fraction of stained cells (< 25%, 25-75% or > 75%). 

Table 13. Expression of BET family protein in breast cancer 

 High Medium Low not detected Total patients 

BRD2   2 9 11 
BRD3  11  1 12 
BRD4 8 3 0  11 
BRDT 5 5 1  11 

3.2 BET inhibitors suppressed cell proliferation 

First, I started by researching the therapeutic effects of the BET inhibitors JQ1 and I-BET762 in 

breast cancer cell lines (Figure 11). The TNBC cell line, MDA-MB-231, is sensitive to BET 

inhibitors and the other TNBC cell line MDA-MB-436 is relatively resistant to BET inhibitors.  
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Figure 11. The different subtypes of breast cancer cells were treated with the BET inhibitor JQ1 (A) or I-

BET762 (B) for 96 hours and cell viability was assessed by MTT assay. Errors bars represent standard 

errors. 

3.2.1 JQ1 induced cell cycle G1 arrest in MDA-MB-231, but not in MDA-MB-436 

In most cancer cell lines, BET inhibitor can cause cell cycle G1 arrest. The cell cycle of MDA-

MB-231 and MDA-MB-436 treated with various concentrations of JQ1 for 48 hours was analyzed 

in our experiment using flow cytometry. In MDA-MB-231, G0-G1 populations were 59.2% (JQ1-

0.1µmol/L) and 64.7% (JQ1-1.0µmol/L) as compared with 39.8% in controls. In MDA-MB-436, 

G0-G1 populations were 33.0%, 34.7% and 39.6% respectively. It was found that JQ1 enhanced 

the proportion of cells in G1 phase in sensitive MDA-MB-231cell line, but not significantly in 

main resistant MDA-MB-436 cell line (Figure 12). 
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Figure 12. Analysis of cell cycle after treatment with different doses of JQ1 in MDA-MB-231 (A) or MDA-

MB-436 (B). 

A total of 1×105 cells were treated with indicated concentration of JQ1 for 48 hours. ** for P < 0.01. Errors bars represent 

standard errors. 

3.2.2 JQ1 triggered cell senescence in both TNBC cell lines 

MDA-MB-231 and MDA-MB-436cells were treated with varying concentrations of JQ1 for 72 

hours, as shown in Figure 13, and the senescent cells were stained with senescence-associated 

beta-galactosidase. The results indicate that JQ1 could induce TNBC cells senescence. 
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Figure 13. Analysis of cell senescence after treatment with different doses of JQ1 in MDA-MB-231 (A) or 

MDA-MB-436 (B) cells. 

A total of 1×104cells were treated with indicated concentration of JQ1 for 72 hours, and cellular senescence was measured 

using Senescence-ß-Galactosidase Staining Kit. The senescent cells were indicated by red arrows. 

3.2.3 Minor apoptosis inducted by JQ1 in both TNBC cell lines 

The cells were incubated to JQ1 or DMSO for 48 hours, and Annexin V/PI staining test was used 

to track apoptosis. Figure 14 showed that in MDA-MB-231cells, high doses of JQ1 induced 

minimal cell apoptosis, while low doses of JQ1 did not cause any cell death. In MDA-MB-436 

cells, no significant change in apoptosis was observed at either dose. 
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Figure 14. Analysis of cell apoptosis after treatment with different doses of JQ1 in MDA-MB-231 (A) or 

MDA-MB-436 (B) cells. 

After 48 hours of treatment with DMSO or JQ1 (0.1 µmol/L, 1 mmol/L), apoptotic cells in the MDA-MB-231 and MDA-

MB-436 cells were detected by Annexin V/PI staining and flow cytometry. Ns for non-significant, ** for P < 0.01. Errors 

bars represent standard errors. 

3.3 MDA-MB-231R was resistant to JQ1 and I-BET762 

Drug resistance index (DRI) was used to measure the impact of drug resistance. Drug resistance 

is measured by the IC50 ratio of drug-resistant cells to parental cells, which is referred to as DRI. 

Resistance is regarded as DRI > 5. The IC50 values of JQ1 for MDA-MB-231 and MDA-MB-

231R were 0.24 µmol/L and 10.21 µmol/L, respectively, with a DRI of 42.54, as shown in Figure 

15. I created a resistant cell line that does indeed resistant to JQ1. It’s interesting, this cell line is 

also resistant to another BET inhibitorI-BET762. 
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Figure 15. Cell viability of MDA-MB-231 and MDA-MB-231R after drugs treatment. 

Cell viability was measured via MTT assay after 2 × 103 cells were treated with indicated concentrations of JQ1 or I-

BET762 for 96 hours. Errors bars represent standard errors. 

3.4 Drug screening suitable for combination therapy revealed the strongest efficacy of 

CDK9 and BET inhibitors 

JQ1 was combined with a number of small molecular inhibitors to increase its anti-tumor 

effectiveness. Cells were treated with JQ1 and various small molecules for 72 hours and the drug 

responses of the cells were measured via MTT assay in MDA-MB-231 (Figure 16) and MDA-

MB-436 (Figure 17) cells. 
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Figure 16. Cell viability of MDA-MB-231 after combined drugs treatment. 

Cell viability was measured using MTT assay after 2 × 103 cells were treated for 96 hours with indicated concentrations 

of JQ1 and the other drug, including BCl-2 inhibitor ABT-199 (A), MCL-1 inhibitor S63845 (B), PIM inhibitor LGB231 

(C), CD4/6 inhibitor PD0332991 (D), CD2/7/9 inhibitor SNS032 (E), and JAK2 inhibitor AZD1408(F). Errors bars 

represent standard errors. 
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Figure 17. Cell viability of MDA-MB-436 cells after combined drugs treatment. 

Cell viability was measured using MTT assay after 2 × 103 cells were treated for 96 hours with indicated concentrations 

of JQ1 and the other drug, including BCl-2 inhibitor ABT-199 (A), MCL-1 inhibitor S63845 (B), BCL-2/BCL-xL/BCL-

w inhibitor ABT-263 (C), CD4/6 inhibitor PD0332991 (D), CD2/7/9 inhibitor SNS032 (E), and autophagy inhibitor 

chloroquine (F). Errors bars represent standard errors. 

According to the results of several drug combinations, it was found that SNS-032, a CDK2/7/9 

inhibitor, in combination with JQ1 had the strong combination effect in inhibiting the growth in 

both TNBC cell lines. More research was done into the effects of combining either a CDK2, CDK7, 

or CDK9 inhibitor with JQ1, respectively, and it was found that the CDK9 inhibitor AZD4573 

combined with JQ1 had the strongest inhibitory impact (Figure 18). 
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Figure 18. Cell viability of MDA-MB-231 after combined drugs treatment. 

In TNBC cell lines MDA-MB-231 via MTT assay after 2 × 103 cells were treated with indicated concentrations of JQ1 

and CDK2 inhibitor CDK2-IN-4 (A), CDK7 inhibitor LDC4297 (B) and CDK9 inhibitor AZD4573 (C). Errors bars 

represent standard errors. 

The combination effect of CDK9 and BET inhibitors was evaluated using calcusyn software. The 

results showed that the CI calculated from the various drug dose combinations was less than 1, 

implying that the combination of these two drugs had a synergistic effect in not only sensitive 

MDA-MB-231 cells, but also primary resistant cell MDA-MB-436 and secondary resistant cells 

MDA-MB-231R (Figure 19). 

 
Figure 19. Analysis of drug combination effect in TNBC cell lines. 

After being exposed to the prescribed dosages of JQ1 and/or CDK9 inhibitor AZD4573 in TNBC cell lines, a total of 2 x 
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103 cells were analyzed via MTT assay. The effect of combination therapy in MDA-MB-231(A), MDA-MB-231R (B) and 

MDA-MB-436 (C) was accessed by calcusyn software. CI defines Synergism (CI < 1), Additive Effect (CI = 1) and 

Antagonism (CI > 1). Errors bars represent standard errors. 

3.4.1 JQ1 did not induce cell cycle G1 arrest in MDA-MB-231R cells 

Initially, the cell cycle was measured between the sensitive and resistant cells of MDA-MB-231. 

Cell cycle was measured using PI staining assay after the cells were treated with JQ1 or DMSO 

for 48 hours. G1 populations were 44.4% (JQ1-0.1 µmol/L) and 49.5% (JQ1-1.0 µmol/L) 

compared with 35.9% in control in MDA-MB-231R. The result showed that JQ1 did not induce 

G1 cell cycle arrest in this resistant cell line, similar to primary resistant MDA-MB-436 cells

（Figure 20）. 

 
Figure 20. Cell cycle analysis via flow cytometer after treatment with different doses of JQ1 in MDA-MB-

231 (A) or MDA-MB-231R (B). 

A total of 1×105 cells were treated with indicated concentration of JQ1 for 48 hours. Errors bars represent standard errors. 

3.4.2 Combination therapy significantly increased cell apoptosis 

The cells were cultured with various drugs (both alone and in combination) for 48 hours, and cell 

apoptosis was measured using annexin-V/PI staining assay. In comparison with JQ1 treatment 

alone, which only induced minor apoptosis, the combination treatments with CDK9 inhibitor 

AZD4573 slightly raised cell apoptosis, not only in sensitive cell line but also in primary and 
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secondary resistant cell lines (Figure 21). 
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Figure 21. Cell apoptosis analysis via flow cytometer after treatment with different doses of drugs in MDA-

MB-231 (A), MDA-MB-436 (B) and MDA-MB-231R (C) cells. 

Cells were treated with the indicated concentration of JQ1 and/or AZD4573 for 48 hours. At the end of treatment, cells 

were washed with staining buffer and stained with Annexin V/PI. Using flow cytometry, apoptotic cells that included 

Annexin V+/PI- and Annexin V+/PI+ were identified. Cell apoptosis (%) in bar graph included early apoptosis (Annexin 

V+/PI−) and late apoptosis (Annexin V+/PI+). *** for P < 0.001, **** for P < 0.0001. Errors bars represent standard errors. 

I also performed BH3 profiling analysis, another method to evaluate cell apoptosis in vitro. The 

cells were cultured with drugs (alone and in combination) for 48 hours, and cell apoptosis was 

measured using BH3 profiling staining technique. In each treatment group, the percentage of 

zombie-positive cells was determined. The percentage of cytochrome c loss in MDA-MB-231(A) 

was 9.34% (control group) and 26.1% (combination therapy group). In MDA-MB-231R (B), it 

was8.50% (control group) and 34.2% (combination therapy group), and MDA-MB-436, 12.2% 

(control group), 26.7% (combination therapy group). The proportion of Zombie-positive cells was 

significantly increased in the combination treatment group as compared with the control and 

monotherapy groups (Figure 22). In line with the earlier findings, the combo treatments enhanced 

cytochrome c loss, which implies increased cell apoptosis (Figure 23). 



 
 
56 

 

Figure 22. Cell death analysis by the proportion of zombie-positive cells after treatment with different 

doses of drugs in MDA-MB-231 (A), MDA-MB-231R (B) and MDA-MB-436 (C). 

Cells were treated with the indicated concentrations of JQ1 and/or AZD4573 for 48 hours. At the end of treatment, cells 

were washed with staining buffer and stained with zombie antibody. Zombie positive cells were used as a marker of cell 

death in MDA-MB-231, MDA-MB-231R and MDA-MB-436 were shown. * for P<0.05, ** for P < 0.01, and *** for 

P<0.001. Errors bars represent standard errors. 
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Figure 23. Cell apoptosis analysis by loss of cytochrome c after combination treatment in MDA-MB-231 

(A), MDA-MB-231R (B) and MDA-MB-436 (C). 

Cells were treated with the indicated concentrations of JQ1 and/or AZD4573 for 48 hours. At the end of treatment, cells 
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were washed with staining buffer and stained with cytochrome c antibody as described in methods. Using flow cytometry, 

it was possible to calculate the percentage of cytochrome c loss, which indicates apoptotic cells proportion. ns for non-

significant, * for P < 0.05, ** for P < 0.01, *** for P < 0.001, and **** for P < 0.0001. Errors bars represent standard 

errors. 

3.5 Three TNBC cells were primed for apoptosis 

It was now interesting to learn the mechanism of apoptosis induction by combination therapy. 

According to the article, it is known BCL2 family proteins play key roles in cell apoptosis. 

Therefore, The BH3 profiling was used to analyze whether and which BCL2 family proteins were 

involved in apoptosis induced by the combination therapy. 

First, I started by determining if the three TNBC cell lines were apoptotic primed, unprimed, or 

apoptosis refractory. After cells were washing and adding various concentrations of BIM or 

PUMA peptide for 1 hour, the depletion of cytochrome c in the cells was determined using BH3 

profiling staining assay. Because they may bind to all anti-apoptotic proteins, the BIM and PUMA 

peptide can be utilized to assess the total level of priming in a cell. The difference between these 

two peptides is that the former activates BAX and/or BAK directly, while the later does not. The 

required dose to induce MOMP is inversely correlated with the level of priming of the cells (e.g., 

high dose of BIM required indicates that the cells have a low level of priming). The proportion of 

cytochrome c loss in this case was 9.62% (control) and 53.9% (1 µmol/L BIM) in MDA-MB-231, 

5.33% (control) and 22.6% (1 µmol/L BIM) in MDA-MB-231R and 12.2% (control) and 23.6% 

(1 µmol/L BIM) in MDA-MB-436. After treatment with low doses of BIM or PUMA peptide, 

three TNBC cell lines had cytochrome c depletion, indicating that these three TNBC cells are 

ready to be primed for apoptosis. 1 µM of either PIM or PUMA peptides induced higher level of 

cytochrome c loss in MDA-MB231 cells than in MDA-MB-231R and MDA-MB-436 cells 

suggesting that MDA-MB-231 cells were more primed than the other 2 cell lines (Figure 24). 
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Figure 24. Cell apoptosis analysis via flow cytometer after treatment with different concentrations of BIM 
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(A) or PUMA(B) peptide in MDA-MB-231, MDA-MB-231R and MDA-MB-436 cells. 

Cells were washing and added various concentrations of BIM (A) or PUMA (B) peptide for 1 hour, then measured the 

cell cytochrome c loss using BH3 profiling staining assay. 

3.6 MDA-MB-231 and MDA-MB-231R were dependent on BCL-xL for survival 

Although certain anti-apoptotic proteins can be selectively inhibited by the BH3-only sensitizer 

proteins, BAX or BAK are not as strongly activated as BIM. Peptides that mimic these sensitizing 

proteins can be used to determine whether a cell is dependent on certain specific pro-survival 

proteins to survival. 

Three TNBC cell lines were tested to see if they were dependent on MCL-1, BCL-xL and A1 for 

survival using the peptides MCL-1, BCL-xL, and A1. It was found low dose of BCL-xL peptide 

could induce increased cytochrome c loss in MDA-MB-231 and MDA-MB-231R cells, but not 

MCL-1or A1 peptides. The percentage of cytochrome c loss was 28.3% (control) and 69.2% (1 

µmol/L BCL-xL) in MDA-MB-231, 10.9% (control) and 24.9% (1 µmol/L BCL-xL) in MDA-

MB-231R, whereas all these three peptides did not cause cytochrome c loss in MDA-MB-436 cells 

(Figure 25). This suggested that MDA-MB-231 and MDA-MB-231R cells were dependent on 

BCL-xL for survival whereas MDA-MB-436 cells were not. 
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Figure 25. Cell apoptosis analysis via flow cytometer after treatment with different concentrations of MCL-

1 (A), BCL-xL (B) and A1 (C) peptide in MDA-MB-231, MDA-MB-231R and MDA-MB-436 cells. 

Cells were washing and added various concentrations of MCL-1 (A), BCL-xL (B) and A1 (C) peptide for 1 hour, then 

measured the cell cytochrome c loss using BH3 profiling staining assay. 

The findings were confirmed using BCL-2 family inhibitors via MTT assay. Here, the cells were 

treated with several tiny molecular inhibitors for 72 hours, then measured the cell viability via 

MTT assay. The result showed MDA-MB-231 was sensitive to A1331852 (BCL-xL inhibitor) but 

not to s63845 (MCL-1 inhibitor) and ABT199 (BCL2 inhibitor). MDA-MB-436 was relatively 

resistant to all three small molecular inhibitors (Figure 26). 
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Figure 26. Cell viability of MDA-MB-231 (A) and MDA-MB-436 (B) cells after treatment of BCL-2 family 

inhibitors. 

A total of 2×103 cells were treated with indicated concentrations of A1331852 (BCL-xL inhibitor), ABT199 (BCL-2 

inhibitor) and s63845 (MCL-1 inhibitor) for 72 hours, then measured the cell viability via MTT assay. Error bars represent 

standard errors. 

Also, the BH3 profiling analysis was carried out utilizing cells that pretreated with JQ1 and 

AZD4573, and the BCL-xL inhibitor A1331852 was utilized to replace the BCL-xL peptide. 

Before the BH3 profile assay, the cells were cultured with JQ1 and AZD4573 for 48 hours. The 

cells were then washed and the BH3 profiling was performed to measure the cytochrome c loss in 

response to the BCL-xL inhibitor A1331852. As shown in Figure 27, combination treatment 

caused cytochrome c loss after 48 hours, and this loss persisted when BCL-xL was further inhibited 

by A1331852 in MDA-MB-231 cells. MDA-MB-231R cells were not so sensitive to the 48 hours 

combination treatment but release of cytochrome c also increased if BCL-xL was inhibited by 

A1331852. These results not only strongly support the prior finding that MDA-MB-231 and 

MDA-MB-231R cells are dependent BCL-xL to survive, but also suggested that inhibition BCL-

xL may be one of the mechanisms underlying the apoptosis induction by the combination treatment. 
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Figure 27. Response of MDA-MB-231 (A) and MDA-MB-231R (B) cells to A1331852-0 (BCL-xL inhibitor) 

induced apoptosis. 

MDA-MB-231 (A) and MDA-MB-231R (B) cells were treated with JQ1 and AZD4573 for 48 hours, washed and various 

concentrations of A1331852 were added for 1 hour. After that, the cell cytochrome c release was measured using BH3 

profiling staining assay. 

To confirm the results of BH3 profiling assay, I combined JQ1 withA1331852 to treat MDA-MB-
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231 and MDA-MB-231R and analyze the cytotoxicity used by MTT assay. As shown in Figure 

28, all values of CI were less than 1. Combination treatment of MDA-MB-231 and MDA-MB-

231R with JQ1 and A1331852 much more strongly inhibited cell proliferation than with each 

substance alone and this impact was highly synergistic as shown by Calcusyn software analysis. 

 

Figure 28. Analysis of the effects of JQ1 and A331852-0 drug combinations in MDA-MB-231 (A) and 

MDA-MB-231R (B). 

A total of 2×103 cells were treated with indicated concentrations of JQ1 and A1331852 in MDA-MB-231 (A) and MDA-

MB-231R (B) via MTT assay. Errors bars represent standard errors. 

3.7 MDA-MB-436was dependent on both BCL-xL and MCL-1 for survival 

The survival of MDA-MB-436 cells was not dependent solely on MCL-1, BCL-xL and A1, 

according to earlier findings. Further analysis of the effects of treatment with several BCL-2 family 

inhibitors in MDA-MB-436 revealed that only the MCL-1 inhibitor had a negligible impact at high 

concentrations (Figure 26). The MCL-1 inhibitor to further inhibit MCL-1 and checked whether 

this inhibition caused the cytochrome C release in cells that were pretreated with JQ1 and 

AZD4573. Unfortunately, cellular cytochrome c loss did not increase when treated with increasing 
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concentration of S63845 treatmentinMDA-MB-436 cells (Figure 29), indicating that cell apoptosis 

induced by combination treatment may not be dependent on MCL-1 inhibition alone. 

 

Figure 29. Cell apoptosis analysis via flow cytometer after treatment with different concentrations of 

S63845 (MCL-1 inhibitor) in MDA-MB-436 cells. 

MDA-MB-436 was treated with JQ1 and AZD4573 for 48 hours, washed and various concentrations of S63845 were 

added for 1 hour. Thereafter, the cell cytochrome c loss was measured using BH3 profiling staining assay. 

Therefore, it is considered that the survival of MDA-MB-436 does not depend on a singular BCL-

2 family protein. The cells were treated with various combinations of BCL-2 inhibitors and found 

that the MCL-1 inhibitor and BCL-xL inhibitor could strongly inhibit cell viability. As shown in 

Figure 30, all CI values were less than 1, which means that the combination of these two drugs 

showed a strong synergistic effect. 
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Figure 30. Analysis of combination effect of S63845 and A1331852 in MDA-MB-436 cells. 

A total of 2×103cells were treated with indicated concentrations of S63845 and A1331852 via MTT assay (left). The 

combination indices of these two drugs were calculated using Calcusyn software (right). Errors bars represent standard 

errors. 

3.8 Enhanced downregulation of BCL-xL and MCL-1 by combination of JQ1 and 

AZD4573 

Our BH3 profiling and MTT assays strongly suggested that MDA-MB231 and MDA-MB231R 

cells rely on BCL-xL for survival and MDA-MB-436 cells rely on both BCL-xL and MCL-1. 

These results also further revealed that the greater inhibition of BCL-xL and/or MCL-1 by the 

combination treatment was the cause of the synergy between BET inhibitors and CDK9 inhibitors. 

Finally, western blotting proved the expression of BCL-2 family proteins. As shown in Figure 31, 

both the CDK9 inhibitor treatment group and in the combination treatment group were able to 

identify cleaved PARP, an indicator of apoptosis, was detected at 24 hours in MDA-MB-231 cells. 

In MDA-MB-231R cells, cleaved PARP was detected only in the combination treatment group, 

and in MDA-MB-436, cleaved PARP was detected only at 48 hours in the combination treatment. 

This result has strong correlation with the results of apoptosis detection, BH3 profiling and MTT 

assay that were previously discussed. Expression of BCL-xL was significantly down regulated by 

the combination treatment as compared to each substance alone after 48 hours in all three lines 

tested. Similarly, MCL-1 was also more significantly downregulated by the combination treatment 

in comparison with each substance alone after either 24- or 48-hours incubation. In contrast, it was 

only observed a downregulation of BCL-2 by JQ1 and combination of JQ1 and AZD4573 in 
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MDA-MB231cells after 48 hours. 

 
Figure 31. Protein expression after treatment of 24 hour and 48 hour in MDA-MB-231, MDA-MB-231R 

and MDA-MB-436 cells as analyzed by Western blots. Actin was used as a loading control. 
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4 Discussion 

Triple-negative breast cancer (TNBC) is a highly aggressive and heterogeneous form of breast 

cancer. Although there has been a lot of research over the years, the outlook is still not great. 

Although recently the first antibody drug conjugate has been approved for the treatment of 

metastatic triple negative breast cancer (sacituzumab govitecan), systemic chemotherapy is still 

the main treatment option for these patients. Lacking other alternative treatment options is one of 

the main barriers for extension of patient survival. 

4.1 BRD4 is one of the ideal therapeutic targets for TNBC 

The most researched member of the BET family, BRD4 acts as genetic readers of histone acetyl- 

lysine residues to regulate gene transcription. It interacts with CDK9 and cyclin T1, the active 

form of P-TEFb, thereby phosphorylating RNA pol II and leading to the onset of transcriptional 

elongation. Because it is crucial to the initiation, elongation and regulation of transcription of many 

oncogenes, BRD4 has recently become a popular epigenetic target in oncology (Donati et al., 

2018). It has been repeatedly shown that BRD4 and super-enhancers interact closely and have an 

impact on the transcriptional expression of oncogenes. According to numerous studies, BRD4 

interacts with acetylated histones such as H3K9, H3K27, H4K5 and H4K8 (Jung et al., 2015) as 

well as non-histonic proteins such nuclear factor κB (NF-κB),TWIST, and GATA1 to regulate 

transcription (Yang et al., 2021). Moreover, it has been revealed that BRD4 plays a non-

transcriptional role in regulating DNA replication and repair, telomere regulation (Donati et al., 

2018). 

A variety of cancers, including renal cell carcinoma (Sakaguchi et al., 2018), leukemia (Wedeh et 

al., 2015), non-small cell lung cancer (NSCLC) (Liao et al., 2016), head neck squamous cell 

carcinoma (HNSCC) (Wu et al., 2019) and also breast cancer (Lu et al., 2020), are known to have 

aberrant BRD4 function, which is frequently linked to a poor prognosis. BRD4 protein is 

significantly enriched in TNBC compared to non-TNBC tumors, according to 

Immunohistochemical (IHC) analysis of 67 breast cancer sections and the similar results were also 

found in cell lines (Verma et al., 2020) and is a favorable prognostic factor in breast cancer patients 
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(Suzuki et al., 2021). In TNBC, expression of phosphorylated BRD4 shows a strong prognostic 

value and is markedly associated with the activation status of the protein phosphatase 2A (PP2A) 

pathway (Sanz-Alvarez et al., 2021). In this data analysis, it was also found BRD4 is highly 

expressed in breast cancer in both mRNA and protein levels, especially in TNBC. 

BRD4 has been shown to promote the expression of oncogenes by the possession of aberrant 

chromatin structure in various cancers including AML (Zuber et al., 2011), acute lymphoblastic 

leukemia (ALL) (Ott et al., 2012), NSCLC(Liao et al., 2016) and melanoma (Segura et al., 2013). 

The enhanced activity of BRD4 is associated with higher expression of oncogenes, such as MYC, 

NOTCH3 and NRG in cancer patients with amplified BRD4. The epithelial-mesenchymal 

transition, metastasis, genetic instability, and chemoresistance are all enhanced by these BRD4-

driven oncogenes (Drumond-Bock and Bieniasz, 2021). Several crucial transcription factors and 

oncogenes are associated with super enhancers such as MYC, STAT3, EGFR, TAL1, PAK4 and 

INSEM1. BRD4 is preferentially bound to these enhancers and promote the expression of these 

transcription factors and oncogenes. As such, BRD4 is being pursued as intriguing fresh targets 

for cancer treatment. In breast cancer, inhibition of BRD4 suppresses the malignancy of breast 

cancer cells through controlling of snail (Lu et al., 2020). BRD4-knockdown could suppress 

Notch1 activity and prevent the migration and invasion of breast cancer (Andrieu et al., 2016). 

Moreover, drug target failure and drug resistance are frequently brought on by genetic mutations. 

Genome-wide research have shown that BRD4 is widely distributed along the genome and that 

the BET family exhibits only few mutations. In a pan-cancer analysis of genomic alterations in 

BET genes across 20 common cancers from TCGA database, there were only 10 gene fusion 

events (8 from BRD4 and 2 from BRD3), a low frequency of recurrent BRD2 mutations in colon 

cancer (3.01%), and BRDT mutation in pancreatic cancer (0.55%) and endometrial cancer (8.12%) 

(Yang et al., 2017). The analysis of the TCGA breast cancer database revealed that missense 

mutation and frame shift deletion account for the majority of BRD4's less than 1% mutation rate. 

Based on results of the data analysis and earlier research revealed that BRD4 expression is 

significantly higher in TNBC and that it is less likely to be mutated, and therefore it could be one 

of the best targets for TNBC. 
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4.2 The role of BET inhibitor in TNBC 

Since the first BRD4 inhibitor JQ1 was developed in 2010, numerous BRD4 inhibitors have been 

discovered in the past few years(Filippakopoulos et al., 2010). Several distinct BET inhibitors 

showed the strong anticancer effectiveness in hematological cancer and c-myc overexpressed 

subtypes of solid tumors in preclinical and clinical research (Shorstova et al., 2021). The DNA-

binding protein c-myc is involved in up to 70% of cancers, yet because to the fact that small 

molecule drugs cannot access the active portion of its structure, it is frequently regarded as non-

pharmacological (Maxmen, 2012). JQ1 treatment down-regulates c-myc oncogene expression and 

is an ideal alternative to inhibit c-myc expression (Sengupta et al., 2015, Bihani et al., 2015). BET 

inhibitors not only regulate the oncogene c-myc, but also other genes associated with breast cancer, 

including the breast cancer amplification sequence 1 (BCAS1) gene and PDZ domain-containing 

1 (PDZK1) (Perez-Salvia et al., 2017). According to numerous studies, JQ1 inhibits the 

development of ER positive breast cancer cells in a dose-dependent manner (Murakami et al., 2019, 

Sengupta et al., 2015, Nagarajan et al., 2014). 

BET inhibitors induce cell cycle arrest in TNBC. BET proteins are the mitotic bookmarks and 

regulators of the cell cycle. BRD4 functions as a protein scaffold that recruits numerous proteins 

to chromatin and releases G1 cell cycle arrest (Ottinger et al., 2006). BRD4influences the 

transcriptional regulation of genes which is required to ensure cell cycle progression, including 

AURKB, RAN, KIF5B, RAD2 (Donati et al., 2018). BRD4 remains associated with the H4K5ac 

histone on chromatin during mitosis, causing the surrounding chromatin to decompress quickly 

and trigger post mitotic transcription (Devaiah and Singer, 2013). According to this study, it was 

confirmed that JQ1 and I-BET762 monotherapy could inhibit the cell growth dose dependently, 

which related with cell cycle G1 arrest in JQ1 sensitive MDA-MB-231 TNBC cells. This was 

possibly due to a significant inhibition of cell cycle-related proteins such as cyclinD1, and 

upregulation of P27 following JQ1 treatment or BRD4 silencing as shown by others (Wen et al., 

2019, Nieto-Jimenez et al., 2017, Perez-Pena et al., 2016). In contrast, a change in cell cycle 

progression in JQ1 resistant MDA-MB-231R and MDA-MB-436 cells did not exhibit a change in 

cell cycle progression. Similar results were observed in other resistant cancer cell lines, such as 
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leukemia stem cells(Fong et al., 2015),or prostate cancer cells either (Pawar et al., 2018).In drug-

resistant cell lines, chromatin-bound BRD4 is reduced but expression of important target genes is 

unaffected, pointing to possibility of alternative mechanisms of transcriptional regulation, which 

may account for the lack of cell cycle arrest (Fong et al., 2015) (Pawar et al., 2018). 

This study demonstrated that JQ1 also induced cellular senescence in TNBC cells. This was 

consistent with earlier articles (Shu et al., 2016). In TNBC, inhibitor of BRD4 has been shown to 

induce senescence by down-regulating AURKA and AURKB expression, which are members of 

the aurora kinase subfamily of conserved serine/threonine kinases involved in cell mitosis (Xu et 

al., 2020). Moreover, senescence is brought on by the degradation of BET proteins via two distinct 

but linked processes, namely the weakening of non-homologous end-joining (NHEJ) and 

upregulation of autophagy gene expression (Wakita et al., 2020). Senescence, in one hand, can 

reduce tumor growth, but in other hand, cellular senescence also can accelerate drug-resistance 

and tumor progression (Gordon and Nelson, 2012). Senescent cells release a unique collection of 

substances known as the senescence-associated secretory phenotype (SASP), which has been 

postulated to carry pro-tumorigenic properties (Lau et al., 2019, Demaria et al., 2017, Sun et al., 

2012). BRD4 is essential for SASP and downstream paracrine signaling, according to functional 

investigations and transcriptional profiling (Tasdemir et al., 2016). Genomic and transcriptomic 

analyses revealed that in BET inhibitor resistant cells G1-S and senescence-related genes are 

upregulated, while genes involved in cell cycle arrest are downregulated, which may mediate the 

escape from growth arrest (Ge et al., 2020) in TNBC. Combined treatment with BET inhibitors 

and ATR inhibitors resulted in elevated transcript levels of genes involved in senescence-

associated secretory pathways in lymphoma (Muralidharan et al., 2016) and melanoma 

(Muralidharan et al., 2017). 

The cellular responses to a variety of intrinsic and extrinsic signals include apoptosis and cellular 

senescence (Childs et al., 2014). There is debate regarding whether BET inhibitors induced 

apoptosis and may depend on the type of cell involved. In osteosarcoma (OS), all OS cells are 

sensitive to BET inhibition, but BET inhibition only induces apoptosis in primary OS, not in MG63 

cell line (Baker et al., 2015). In rhabdomyosarcoma cells, JQ1 showed minimal response in both 
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cell lines, but synergistically induced apoptosis with the BCL-2 family inhibitors (Erdogdu et al., 

2022). In breast cancer, JQ1 treatment induced apoptosis in a dose-responsive manner in MDA-

MB-453, but minimal response in MDA-MB-468 and BT-20 (Park et al., 2019). Although all the 

TNBC cell lines studied in this work were determined by BH3 profiling to be primed for apoptosis, 

it was discovered that treatment with JQ1 scarcely caused cell apoptosis, especially in drug-

resistant MDA-MB-436 and MDA-MB-231R cells. Results indicated that TNBC cells are not 

driven to apoptosis by BET inhibitors. 

Following that, a combined strategy was used to try to enhance the effectiveness of BET inhibitors 

and reduce unspecific their cytotoxicities. Combination therapy is a combination of two or more 

therapeutic agents and is the cornerstone of cancer treatment. The combination of anticancer drugs 

improves efficacy compared to a single treatment because it targets important pathways in a typical 

synergistic or additive manner. This approach may reduce drug resistance while providing 

therapeutic anti-cancer benefits such as reducing tumor growth and metastasis potential, inhibiting 

mitosis active cells, reducing cancer stem cell populations, and inducing apoptosis (Bayat 

Mokhtari et al., 2017). 

4.3 Combination therapy to induce cell apoptosis 

As is well known, the ability to develop the apoptosis resistance is a characteristic of all types of 

cancer, and evasion of apoptosis is the third hallmark of cancer (Hanahan and Weinberg, 2011). 

Therefore, it was expected to identify methods to improve the drug efficacy and reduce resistance 

through induction of cell apoptosis since it was confirmed in preclinical research that the anti-

cancer effect of BET inhibitors was determined by the apoptotic response (Conery et al., 2016). 

In earlier research, most studies tried to enhance the ability of BET inhibitors to induce apoptosis 

through combination with other therapeutics such as BCL-2 family inhibitors (Cummin et al., 

2020), CDK inhibitors (Baker et al., 2015) and other epigenetic regulator like HDAC inhibitors 

(Heinemann et al., 2015, Huan et al., 2020). In this investigation, BET inhibitors and BCL2 family 

inhibitors, such as ABT199 and S63845, were first combined in an attempt to increase the potential 

of the drug to induce apoptosis, but this did not achieve the desired efficacy. This is not consistent 

with what has been reported mostly in hematologic tumors (Fiskus et al., 2019, Cummin et al., 
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2020, Carra et al., 2020, Esteve-Arenys et al., 2018) and some solid tumors (Lam et al., 2017, 

Tseng et al., 2020). This may be related to the different effect of BET inhibitor treatments on BCL-

2 family protein expression in various tumor types. Secondly, CDK inhibitors are another class of 

drugs used in combination therapy with BET inhibitors. Combination treatment of BET inhibitors 

and pan-CDK inhibitors in OS cell(Baker et al., 2015), CDK2 inhibitors in MYC-driven 

medulloblastoma (Bolin et al., 2018), CDK4/6 inhibitors in TNBC (Ge et al., 2020), CDK7 

inhibitors in leukemia (Guo et al., 2020), and CDK9 inhibitors in melanoma (Emran et al., 

2021b)have been shown to possess very good synergistic therapeutic effects. In this study, several 

combinations of CDK inhibitors with BET inhibitors were screened and it was found that a CDK9 

inhibitor had the strongest effect with BET inhibitors in the treatment of TNBC. 

4.4 CDK9 inhibitor in cancer 

CDK9 is a serine/threonine kinase that forms the catalytic core of P-TEFb, which is critical for the 

stabilization of the elongation process of RNA transcription(Romano and Giordano, 2008). CDK9 

is broadly distributed in all types of human tissues, and cells that have undergone terminal 

differentiation express it most strongly (Bagella et al., 1998). In a large number of cancer types, 

including hematological diseases and solid tumors, CDK9 expression is associated with poor 

prognosis and resistance to anti-cancer treatment (Mandal et al., 2021). In breast cancer, high 

CDK9 expression is linked with low overall survival rate, and its expression predicts a potential 

prognostic biomarker role in patients who fail to achieve a complete response after neoadjuvant 

chemotherapy (Schlafstein et al., 2018). In TNBC, patients with high-CDK9 expression are also 

correlated with lower overall survival rate and inhibition of CDK9 show strong antineoplastic 

effects in TNBC cells (Brisard et al., 2018). The role of CDK9 in cancer pathogenesis is not fully 

established, but several studies have demonstrated its involvement in the activation of c-myc 

oncogenes and the over expression of MCL-1 and BCL-2 proteins (Phillips et al., 2020, Cidado et 

al., 2020, Luedtke et al., 2020, Lu et al., 2015, Boffo et al., 2018, Hashiguchi et al., 2019). In ER 

positive breast cancer cells, CDK9 inhibitor induce G2-M cell cycle arrest and down-regulate 

MYB target genes CCNB1 and CCNE1 (Mitra et al., 2016). A dual CDC7/CDK9 inhibitor, 

PHA767491, acts synergistically with EGFR-TKIs in TNBC cells to induce G2/M cell cycle arrest 



 
 
75 

and apoptosis and to overcome the resistance of TNBC to EGFR-TKIs (McLaughlin et al., 2019). 

The majority of studies demonstrate that CDK9 inhibitors could strongly induce apoptosis in tumor 

cells (Cassandri et al., 2020, Cidado et al., 2020, King et al., 2021). 

Based on the crucial functions of CDK9 in cancer, several CDK9 inhibitors have been synthesized 

and are currently being studied in clinical trials. These include AZD-4573 (phase I, NCT04630756, 

NCT03263637, and phase II, NCT05140382), BAY-1143572 (phase I, NCT02345382 and 

NCT01938638), BAY-1251152 (phase I, NCT02745743 and NCT02635672), KB-0742 (phase I, 

NCT04718675), VIP152 (phase I, NCT04978779, NCT02635672 and NCT05371054), PRT2527 

(phase I, NCT05159518) and GFH009 (phase I, NCT04588922). However, the U.S. Food and 

Drug Administration (FDA) has not approved CDK9 inhibitors due to their toxicity and dose-

limiting side effects, which limit their clinical efficacy (Morales and Giordano, 2016). Reducing 

the doses and increasing the efficacies of the CDK9 inhibitors by using combination therapies with 

other therapeutics are likely one of the approaches to minimize adverse effects of CDK9 inhibitors. 

4.5 Combination of BET inhibitor with CDK9 inhibitor to induce cell apoptosis 

According to this study, CDK9 and BET inhibitors might achieve good synergistic effects at low 

dosages, not only in BET inhibitor sensitive cells, but also in primary and secondary resistant 

TNBC cells. In the few trials that have been published, the combination of the two drugs was 

effective in enhancing the antitumor effect in a subset of acute leukemia (AML) cells (McCalmont 

et al., 2020, Gerlach et al., 2018) and other solid tumors (Lu et al., 2015, Richter et al., 2020, 

Moreno et al., 2017, Emran et al., 2021b). According to additional research, the combination of 

the two-drug induced apoptosis by inhibiting pro-apoptotic proteins, such as BCL-2, MCL-1, 

BCL-xL (Emran et al., 2021a, Lam et al., 2017). 

BCL-2 is essential for the survival of embryonic kidney progenitor cells, melanocyte progenitors, 

and mature B and T lymphocytes (Bouillet et al., 2001). Positive expression of BCL-2 was found 

in 73% of ER-positive breast cancers and was a prognostic marker independent of time in the early 

stages, but only 12.4% of TNBC expressed BCL-2 (Dawson et al., 2010). In aggressive B-cell 

lymphoma, JQ1 downregulates BCL-2 expression and is directly involved in the mitochondrial 

apoptotic pathway, whereas upregulation of BCL-2 is associated with intrinsic resistance to JQ1-
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mediated death or resistance acquired after in vivo exposure (Hogg et al., 2016). JQ1 synergizes 

with the BCL-2 inhibitor ABT-263 in MYCN-amplified small cell lung cancer by disrupting the 

BIM/BCL-2 interaction (Wang et al., 2017). BET and BCL-2 inhibitors working together inhibit 

lymphoma in a synergistic manner (Elamin et al., 2022, Johnson-Farley et al., 2015, Kim et al., 

2018). In this study, BCL-2 was downregulated by JQ1 in MDA-MB-231 at 48 hours but not 

significantly in MDA-MB-231R and MDA-MB-436 cells. Furthermore, the BCL-2 inhibitor 

ABT-199 alone and in combination with JQ1 did not achieve promising effect in MDA-MB-231 

and MDA-MB-436 cells. As a result, in the cell lines employed, BCL-2 may not be an essential 

molecule for cell survival or a target for inducing death. 

Another anti-apoptotic BCL-2 family member, MCL-1, is also a prognostic indicator in breast 

cancer. Its expression is higher in basal like breast cancers as compared to other subtypes 

(Campbell et al., 2018). MCL-1 and MYC cooperate in the maintenance of chemotherapy-resistant 

cancer stem cells (CSCs) in TNBC (Lee et al., 2017), and Wnt modulates MCL-1 to control cell 

survival in TNBC (Yang et al., 2014). BRD protein levels, particularly BRD4, correlated 

positively with sensitivity to BET inhibition and BET degraders can induced apoptosis in NSCLC 

by suppression of MCL-1 (Zong et al., 2020). In hepatocellular carcinoma cells (Zhang et al., 2018) 

and AML cells (Grundy et al., 2018), upregulation of MCL-1inhibits JQ1-triggered anticancer 

activity, whereas downregulation ofMCL-1 overcomes BET inhibitor resistance induced by low 

FBW7 expression in breast cancer (Wang et al., 2022). On the other hand, numerous studies of 

cell apoptosis induction by CDK9 inhibitors have revealed MCL-1 to play a major role (Gregory 

et al., 2015, Dey et al., 2017, Cidado et al., 2020). Thus, it is likely that the combination of a CDK9 

inhibitor and a BET inhibitor can promote a stronger apoptosis by interfering with MCL-

1additively or synergistically. Here, it was found that MCL-1 was downregulated in three TNBC 

cell lines following combination therapy, especially in MDA-MB-436 and a stronger apoptosis 

induced by the combination treatment was noticed. However, the expression of MCL-1 was not 

downregulated by JQ1 and combination of JQ1 and MCL-1 inhibitor did not induce apoptosis. 

Furthermore, BH3 profiling revealed that the survival of TNBC cancer cells was not dependent on 

MCL-1 alone. Therefore, it is unlikely that the stronger apoptosis induced by the combination of 
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JQ1 and AZD4573 are only due to the enhanced suppression of MCL-1. 

BCL-xL is also essential for promoting the survival of cancer. It is frequently overexpressed in 

lung cancer, hepatocellular carcinoma and breast cancer (Bessou et al., 2020). The BCL-xL is 

qualitatively distinct from and ten times more efficient than BCL-2 in breast cancer cell lines 

(Fiebig et al., 2006). It promotes metastasis by induction of cytokines resistance (Fernandez et al., 

2000) and mitochondria-dependent reactive oxygen species production (Bessou et al., 2020) in 

breast cancer cells. High expression levels of BCL-xL and CDK1 correlate with poor survival 

outcomes of TNBC patients (Castellanet et al., 2021). By inducing the death of senescent cells, 

targeting BCL-xL increases the effectiveness of BET inhibitors in treating TNBC (Gayle et al., 

2019). The significance of BCL-xL for the survival of MDA-MB-231 parental and resistant cells 

was observed in this study. First, it was shown that all the TNBC cell lines are primed for apoptosis 

using BH3 profiling, and it was discovered that MDA-MB-231 parental and resistant cells were 

sensitive to BCL-xL mimic peptides while MDA-MB-436 not. This finding suggests that MDA-

MB-231 parental and resistant cells are BCL-xL dependent for survival. This conclusion was 

supported by the results that MDA-MB-231 cells were sensitive to BCL-xL inhibitor A1331852 

whereas MDA-MB-436 not. Moreover, a synergistic effect was observed when JQ1 and 

A1331852 were combined in the treatment of cells. This data is in agreement with results showing 

in SUM159JQ1 resistant cell line that the combined use of JQ1 and ABT263 (BCL-2/BCL-xL 

inhibitor) significantly reduced tumor weight in xenograft model (Shu et al., 2020). Finally, an 

enhanced downregulation of BCL-xL by the combination of JQ1 and AZD4573, and further 

inhibition of BCL-xL by A1331852 caused more apoptosis in cells that treated with JQ1 and 

AZD4573 were observed. All these data strongly support the conclusion that BCL-xL is the target 

of the combination therapy to induce apoptosis in MDA-MB-231 parental and resistant cells is 

clearly supported by all of these studies. 

The combination of CDK9 and BET inhibitors induced apoptosis not only in parental and acquired 

resistant MDA-MB-231 cell lines, but also in primary resistant MDA-MB-436 cells. Although the 

MDA-MB-436 cells were primed for apoptosis, BH3 analysis did not reveal that the survival of 

MDA-MB-436 was only dependent on the anti-apoptotic proteins BCL-xL, MCL-1 or BFL-1 (A1), 
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respectively. As was previously mentioned, MCL-1 inhibition by itself did not cause the cells to 

undergo apoptosis. Furthermore, additional inhibition of MCL-1 by S63845 led to no further 

apoptosis in cells that treated with JQ1 and AZD4573. It’s interesting to note when the MCL-

1inhibitor with BCL-xL inhibitor was combined to treat the cells, a potent synergy between these 

two inhibitors were observed suggesting that MDA-MB-436 cells are dependent on both MCL-1 

and BCL-xL for survival. The inhibition of one could make up for the other, and killing the cells 

with only one could not be sufficient. In this case, a simultaneous inhibition of both MCL-1 and 

BCL-xL in MDA-MB-436 cells treated with JQ1 and AZD4573 was observed. That might be the 

mechanism underlying the apoptosis induced by the combination in MDA-MB-436 cells. 

Inhibiting many anti-apoptotic proteins simultaneously is necessary to kill the cells has been 

reported before in melanoma cells (Emran et al., 2021b), and in AML (Gerlach et al., 2018). 

In conclusion, BRD4 was a viable target for TNBC treatment and BET inhibitor effectively limited 

the growth of TNBC cells. When BET and CDK9 inhibitors are combined, TNBC cells are more 

likely to undergo cell apoptosis through the reduction of BCL-xL and MCL-1. 

5 Limitation 

In this study, the impact of BET inhibitors in combination with CDK9 inhibitors was explored in 

breast cancer cell lines sensitive or resistant cells to BET inhibitors. Limited by the long 

establishment time of tumor resistant cells, only one primary BETi-resistant cell line and one 

acquired BETi-resistant cell line were used in this study. Studies with more cell lines are necessary 

to access whether the conclusion reached in this study can extent to more cell lines. Moreover, 

only in vitro experiments were used in the ones that are presented here. Experiments using clinical 

samples and animal models are still needed to validate the conclusion. In any case, this study 

suggests that BET inhibitors combined with CDK9 inhibitors can effectively induce apoptosis in 

cells that are dependent on BCL-xL and/or MCL-1 proteins for survival and provide a hint for 

possible clinical applications of BET inhibitors in combination with CDK9 inhibitors for breast 

cancer patients. 
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