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INTRODUCTION 
 

Thyroid cancer causes significant human mortalities 

globally [1, 2]. The primary thyroid cancer form is 

papillary thyroid carcinoma [1, 2]. Radiation and/or 

genetic susceptibility are key contributors for the 

initiation and progression of human papillary thyroid 

carcinoma [1, 2]. The prognosis and five-year overall 

survival for the advanced and/or metastatic thyroid 

carcinoma are extremely poor [1, 2]. Molecularly-

targeted therapies are vital for the better treatment of 

this malignancy [3, 4].  

 

Bromodomain-containing protein 4 (BRD4) is a 

primary member of the bromodomain and extraterminal 

domain (BET) family proteins, that contains two 

bromodomains (BD) and one extraterminal (ET) 

domain [5–8]. BDs will recognize and interact with 

lysines in the acetylated histones [9–12]. ET domain 

recruits transcriptional regulators, promoting expression 

of several key oncogenes, including c-myc, Bcl-xL and 

Cyclin D1 [9–12]. BRD4 is overexpressed in multiple 

types of human cancers, emerges as a promising 

therapeutic oncotarget [9–12].  

 

We have previously shown that BRD4 expression is 

elevated in thyroid carcinoma cells [13]. Importantly, 

AZD5153, a novel and specific BRD4 inhibitor, 

potently inhibited thyroid carcinoma cell growth in vitro 

and in vivo [13]. Wang et al., found that gambogic acid 

downregulated BRD4 to inhibit proliferation of 

anaplastic thyroid cancer cells [14]. Li et al., 

demonstrated that long non-coding RNA (LncRNA) 

UCA1 induced BRD4 upregulation, therefore 

promoting papillary thyroid cancer cell proliferation 

[15]. These results imply that BRD4 inhibition might 
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represent as an important therapeutic advance for the 

treatment of thyroid carcinoma [13]. 

 

The small molecule BRD4 inhibitors will, however, 

lead to feed-back BRD4 protein elevation in cancer 

cells, resulting in only modest anti-proliferative activity 

[16]. Lu et al., have recently developed ARV-825 as a 

heterobifunctional PROTAC (Proteolysis Targeting 

Chimera) compound. It recruits BRD4 directly to the E3 

ubiquitin ligase cereblon [16], leading to fast, efficient 

and sustained BRD4 protein degradation [16]. Studies 

have shown that ARV-825 is far more efficient than the 

small molecule BRD4 inhibitors in suppressing BRD4 

signaling, causing potent and sustained cancer cell 

inhibition and profound apoptosis induction [16–20]. Its 

potential efficacy in human thyroid carcinoma cells is 

tested in the present study.  

 

RESULTS 
 

ARV-825 inhibits human thyroid carcinoma cell 

viability, proliferation and migration 

 

First, we test the potential effect of ARV-825 on thyroid 

carcinoma cell functions. The established TPC-1 cells 

were cultured in complete medium (with FBS), treated 

with ARV-825 at applied concentrations (5-250 nM). 

Assaying cell viability, by MTT, demonstrated that 

ARV-825 inhibited TPC-1 cell viability in a dose-

dependent manner (Figure 1A). The cell viability 

reduction was significant following 25-250 nM of 

ARV-825 treatments (Figure 1A). At the lowest 

concentration (5 nM) ARV-825 was ineffective (Figure 

1A). The BRD4 PROTAC compound also displayed a 

time-dependent response in inhibiting TPC-1 cell 

viability (Figure 1A). The viability started to decline at 

24h after ARV-825 (25-250 nM) treatment, being 

robust at 48-96h (Figure 1A). The colony formation 

assay results, Figure 1B, demonstrated that ARV-825 

dose-dependently decreased the number of viable TPC-

1 cell colonies (10 days after first ARV-825 treatment), 

being significant at 25-250 nM (Figure 1B).  

 

EdU incorporation was analyzed to test cell proliferation. 

As shown ARV-825, at 25-250 nM, potently decreased 

EdU incorporation (EdU/DAPI%) in TPC-1 cells (Figure 

1C), indicating proliferation inhibition. “Transwell” assay 

results demonstrated that the number of migrated TPC-1 

cells decreased significantly following ARV-825 (25-250 

nM, 24h) treatment (Figure 1D). ARV-825 at 5 nM again 

failed to suppress TPC-1 cell proliferation (Figure 1C) 

and migration (Figure 1D), showing a dose-dependent 

response.  

 

The potential effect of ARV-825 in the primary human 

cells was tested next. As reported early [13], the 

primary human thyroid carcinoma cells, derived from 

two papillary thyroid carcinoma patients (“C1/C2”), 

were treated ARV-825 (100 nM, 24-72h). Results 

demonstrated that ARV-825 significantly inhibited cell 

viability (MTT OD, Figure 1E), proliferation (EdU 

incorporation, Figure 1F) and migration (“Transwell” 

assay, Figure 1G) in BRD4-overexpressed primary 

thyroid carcinoma cells [13]. Contrarily, the very same 

ARV-825 treatment was ineffective in human thyroid 

epithelial cells (“E1”/”E2”) [13] (Figure 1E–1G), with 

extremely low BRD4 expression [13]. Collectively, 

these results demonstrated that ARV-825 potently 

inhibited thyroid carcinoma cell viability, proliferation 

and migration.  

 

ARV-825 induces apoptosis activation in human 

thyroid carcinoma cells 

 

To study whether ARV-825 could induce apoptosis 

activation in thyroid carcinoma cells, the caspase 

activity assay was performed. As demonstrated, ARV-

825, in a dose-dependent manner, increased activities of 

caspase-3 and caspase-9 in TPC-1 cells (Figure 2A). 

The caspase-8 activity, the indicator of apoptosis 

activation by death receptor pathway, was however 

unchanged (Figure 2A). Furthermore, ARV-825 

treatments (25-250 nM, 24h) induced cleavages of 

caspase-3 and its downstream PARP (poly (ADP-

ribose) polymerase) in TPC-1 cells (Figure 2B). The 

nuclear TUNEL ratio was also significantly increased in 

TPC-1 cells with ARV-825 treatments (25-250 nM, 

48h) (Figure 2C). Mitochondrial depolarization, 

evidenced by the JC-1 green fluorescence accumulation, 

was detected as well in TPC-1 cells after ARV-825 (25-

250 nM, 24h) stimulation (Figure 2D), further 

suggesting apoptosis activation. ARV-825 at 5 nM 

however failed to induce significant apoptosis activation 

in TPC-1 cells (Figure 2A–2D).  

 

To test the link between ARV-825-induced apoptosis 

activation and cytotoxicity in thyroid carcinoma cells, 

the apoptosis inhibitors were utilized, including the 

caspase-3 specific inhibitor z-DEVD-fmk, the caspase-9 

inhibitor z-LEHD-fmk and the pan-caspase inhibitor z-

VAD-fmk. As shown, ARV-825 (100 nM)-induced 

apoptosis activation (nuclear TUNEL ratio increase, 

Figure 2E) and cell viability (MTT OD) reduction 

(Figure 2F) were largely attenuated by the caspase 

inhibitors (Figure 2E and 2F). These results suggest that 

caspase-apoptosis activation is responsible for ARV-

825-induced cytotoxicity in TPC-1 cells. In the human 

thyroid carcinoma cells, “C1” and “C2”, ARV-825 (100 

nM, 24-48h) treatment induced significant apoptosis 

activation, evidenced by increased nuclear TUNEL 

staining (Figure 2G) and mitochondrial depolarization 

(Figure 2H). It was however non-apoptotic in the 
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Figure 1. ARV-825 inhibits human thyroid carcinoma cell viability, proliferation and migration. TPC-1 cells (A–D), the primary 

human thyroid carcinoma cells (“C1”/“C2”, E–G) or the primary human thyroid epithelial cells (“E1”/“E2”, E–G) were left untreated (“Ctrl”, 
same for all Figures) or treated with ARV-825 (5-250 nM). Cells were further cultured in complete medium for indicated time periods, cell 
viability (MTT OD, A and E), colony formation (B), cell proliferation (EdU incorporation, C and F) and migration (“Transwell” assays, D and G) 
were tested. Data were presented as mean ± standard deviation (SD, n=5) (same for all Figures). *p < 0.05 vs. “Ctrl” group. ***p < 0.001 vs. 
“Ctrl” group. The experiments were repeated three times, with similar results obtained. Bar= 100 μm (C and D). 
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primary thyroid epithelial cells, “E1” and “E2” (Figure 

2G and 2H). Collectively, these results show that ARV-

825 induced robust apoptosis activation in thyroid 

carcinoma cells. 

 

ARV-825 inhibits BRD4 signaling in human thyroid 

carcinoma cells 

 

ARV-825’s effect on BRD4 signaling proteins was 

studied. Western blotting assay results, Figure 3A, 

demonstrated that ARV-825 dose-dependently 

decreased BRD4 protein level in TPC-1 cells. BRD4-

dependent oncogenic proteins, c-Myc [21], Bcl-xL [22] 

and cyclin D1 [23, 24], were downregulated as well 

(Figure 3A). qPCR assay results in TPC-1 cells, Figure 

3B, showed that BRD4 mRNA was unchanged with 

ARV-825 treatment (100 nM, 24h). While mRNA 

levels of c-Myc, Bcl-xL and cyclin D1 were significantly 

reduced (Figure 3B). Importantly, ARV-825-induced 

BRD4 protein depletion was completely reversed by the 

protease inhibitor MG-132 (Figure 3C). Furthermore, 

MG-132 restored c-Myc protein expression in ARV-

825-treated TPC-1 cells (Figure 3C). These results 

implied that ARV-825 induced BRD4 protein 

degradation, causing downregulation of its target genes 

(c-Myc, Bcl-xL and cyclin D1) in TPC-1 cells.  

 

 
 

Figure 2. ARV-825 induces apoptosis activation in human thyroid carcinoma cells. TPC-1 cells (A–D), the primary human thyroid 

carcinoma cell (“C1”/“C2”, G and H) or the primary human thyroid epithelial cells (“E1”/“E2”, G and H) were treated with ARV-825 (5-250 nM) 
and cultured in for indicated time periods, the caspase activity (A), expression of apoptosis-associated proteins (B) as well as nuclear TUNEL 
staining (C and G) and mitochondrial depolarization (JC-1 green fluorescence intensity, D and H) were tested to examine cell apoptosis. TPC-1 
cells were pre-treated for 30 min with 50 μM of z-DEVD-fmk, z-LEHD-fmk or z-VAD-fmk, following by ARV-825 (100 nM) treatment for 48-72h, 
cell apoptosis and cell viability were tested by TUNEL staining (E) and MTT assay (F), respectively. Expression of the listed proteins was 
quantified and normalized to loading control (B). “DMSO” stands for vehicle control (0.1% DMSO, E and F). **p < 0.01 vs. “Ctrl” group. ***p < 
0.001 vs. “Ctrl” group. # p < 0.001 vs. “DMSO” group (E and F). The experiments were repeated three times, with similar results obtained. 
Bar=100 μm (D).  
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Figure 3. ARV-825 inhibits BRD4 signaling in human thyroid carcinoma cells. TPC-1 cells (A and B) or the primary human thyroid 

carcinoma cells (“C1”/“C2”) (F) were treated with applied concentration of ARV-825 for 24h, tested by Western blotting and qPCR assays of listed 
genes. TPC-1 cells were pre-treated with MG-132 (25 μM) for 2h, followed by ARV-825 (100 nM) treated for 24h, expression of listed proteins 
was shown (C). The stable TPC-1 cells with CRISPR/Cas9 BRD4-KO construct (“BRD4-KO”) cells were treated with or without ARV-825 (100 nM, for 
indicated time periods), control TPC-1 cells with empty vector (“Cas9-C”) were left untreated; expression of listed proteins was shown (D); Cell 
viability and proliferation were tested by MTT and EdU staining assays (E), respectively. TPC-1 cells or “C1” human thyroid carcinoma cells were 
treated with ARV-825 (100 nM), JQ1 (500 nM), CPI203 (500 nM) or GSK1210151A (500 nM) for indicated time periods, cell viability (MTT assay, 
96h) (G and J), proliferation (testing nuclear EdU/DAPI ratio, 48h) (H and K) and apoptosis (nuclear TUNEL ratio, 48h) (I and L) were tested, and 
results were quantified. Expression of listed proteins was quantified and normalized to the corresponding loading control (A, C, D and F). # p < 
0.001 vs. “ARV-825” treatment group (G–L). The experiments were repeated three times, and similar results obtained. 
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Mimicking ARV-825-induced actions, CRISPR-Cas9-

induced BRD4 KO (using the previously-described 

protocol [23], Figure 3D) significantly downregulated c-

Myc (Figure 3D), inhibiting TPC-1 cell viability and 

proliferation (p < 0.001 vs. control cells) (Figure 3E). 

Importantly, in the BRD4-KO TPC-1 cells ARV-825 (100 

nM) treatment failed to further downregulate c-Myc 

(Figure 3D) nor to inhibit cell viability/proliferation 

(Figure 3E). These results implied that ARV-825- 

induced cytotoxicity in TPC-1 cells should be the result 

of BRD4 degradation. In the primary papillary 

carcinoma cells (“C1/C2”), treatment with ARV-825 

(100 nM, 24h) similarly induced BRD4 protein 

degradation as well as downregulation of c-Myc, Bcl-

xL and cyclin D1 (Figure 3F). Together, ARV-825 

induced BRD4 protein degradation and downregulated 

its targeted genes in thyroid carcinoma cells.  

 

Unlike the small molecular inhibitors of BRD4, ARV-

825 will result in robust and sustained BRD4 protein 

degradation [18]. We therefore compared its activity 

with several known BRD4 inhibitors, including JQ1 

[25, 26], CPI203 [23] and GSK1210151A [27]. In 

TPC-1 cells (Figure 3G–3I) and “C1” primary thyroid 

carcinoma cells (Figure 3J–3L), ARV-825 was 

significantly more potent than the tested BRD4 

inhibitors (at even higher concentrations) in inhibiting 

cell viability (Figure 3G and 3J) and proliferation 

(EdU incorporation, Figure 3H and 3K) as well as 

inducing cell apoptosis (nuclear TUNEL staining, 

Figure 3I and 3L). Therefore, ARV-825 was highly 

efficient in inhibiting thyroid carcinoma cell 

progression in vitro.  

 

ARV-825 oral administration inhibits TPC-1 

xenograft tumor growth in SCID mice  

 

At last experiments were carried out to test the 

potential anti-thyroid carcinoma activity of ARV-825 

in vivo. As described previously [13] TPC-1 cells were 

s.c. injected to the flanks of SCID mice, forming 

tumor xenografts within 16-18 days (“Day-0”). By 

measuring tumor volumes, we demonstrated that oral 

administration of ARV-825 (daily, at 5 or 25 mg/kg 

body weight) potently inhibited TPC-1 xenograft 

growth in SCID mice (Figure 4A). ARV-825 

administration decreased estimated daily tumor 

growth, which was calculated by (tumor volume at 

Day-35—tumor volume at Day-0)/35 (Figure 4B). At 

Day-35 all xenograft tumors were isolated. Tumors 

from ARV-825-treated mice weighted significantly 

lighter than those from vehicle control mice (Figure 

4C). ARV-825 at 25 mg/kg dose was more potent in 

suppressing TPC-1 tumor growth than it at 5 mg/kg 

dose (Figure 4A–4C). The mice body weights were not 

significantly different among the three groups (Figure 

4D), neither did we notice any signs of apparent 

toxicities in the experimental mice.  

 

To test BRD4 signaling proteins, at treatment Day-7 

and Day-14 one tumor of each group (total six tumors) 

was isolated, and fresh tumor lysates subjected to 

Western blotting assays. As demonstrated, BRD4 

protein was depleted in ARV-825-treated xenograft 

tumors (Figure 4E and 4F). BRD4-dependent proteins, 

c-Myc, Bcl-xL and cyclin D1, were downregulated 

(Figure 4E and 4F). Cleavages of caspase-3 and PARP 

were detected in ARV-825-treated tumor tissues (Figure 

4E and 4F), indicating apoptosis activation in vivo. 

These results suggest that ARV-825 oral administration 

in SCID mice inhibited BRD4 signaling and activated 

apoptosis in TPC-1 xenografts. 

 

DISCUSSION 
 

BRD4 is the most abundant and important BET family 

protein in cancer cells [9–11, 28]. It is a key epigenetic 

regulator binding to acetylated-histones [9–12]. BRD4 

is also required for the chromatin structure formation 

in the daughter cells [9–11]. By recruiting P-TEFb (the 

positive transcription elongation factor b) and 

phosphorylating RNA polymerase II, BRD4 is 

essential for transcription elongation and expression of 

multiple key oncogenic genes [11], including Bcl-xL, 

c-Myc, cyclin D1, among others [5, 8–12]. Our 

previous studies have demonstrated that BRD4 

expression is significantly elevated in established and 

primary human thyroid carcinoma cells [13]. BRD4 

inhibition, by the small molecule inhibitor AZD5153, 

potently inhibited thyroid carcinoma cell growth in 

vitro and in vivo [13]. These studies supported that 

BRD4 is a promising and valuable therapeutic target of 

thyroid carcinoma.  

 

ARV-825 is a molecule designed by the PROTAC 

technology, causing sustained BRD4 protein 

degradation [16]. The results of this study suggest that 

ARV-825 exerted potent anti-thyroid carcinoma cell 

activity [16, 18, 19, 22, 29]. In TPC-1 cells and primary 

human thyroid carcinoma cells ARV-825 induced 

BRD4 protein degradation, causing downregulation of 

BRD4-dependent oncogenic proteins, including c-Myc, 

Bcl-xL and cyclin D1. ARV-825 potently inhibited 

thyroid carcinoma cell viability, proliferation and 

migration, and inducing robust cell apoptosis. The 

BRD4 PROTAC compound was, however, non-

cytotoxic nor pro-apoptotic to primary thyroid epithelial 

cells. In vivo, oral administration of ARV-825, at well-

tolerated doses, efficiently inhibited TPC-1 tumor 

xenograft growth in SCID mice. BRD4 protein 

degradation as well as c-Myc, Bcl-xL and cyclin D1 

downregulation were detected in ARV-825-treated 
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TPC-1 tumor tissues. Therefore, BRD4 degradation by 

its PROTAC compound ARV-825 could be novel 

therapeutic advance of thyroid carcinoma.  

 

It has been shown that BRD4 inhibitors could have 

reversible binding and incomplete inhibition of BRD4, 

which largely compromise the anti-cancer cell activity 

[16]. ARV-825, unlike BRD4 inhibitors, directly 

recruits BRD4 to the E3-ubiquitin ligase cereblon, 

causing robust and sustained BRD4 protein degradation 

[16]. In the present study, ARV-825-induced anti-

thyroid carcinoma cell activity was significantly more 

potent than the small molecule BRD4 inhibitors, 

including JQ1, CPI203, and GSK1210151A. Our results 

suggest that BRD4 protein degradation should be the 

main reason to explain ARV-825-induced superior anti-

thyroid carcinoma cell activity. As BRD4 KO, by the 

CRSIPR/Cas9 strategy, mimicked ARV-825-induced 

cytotoxicity in TPC-1 cells. More importantly, ARV-

825 was completely ineffective in the BRD4-KO cells.  

 

CONCLUSION 
 

Taken together, we conclude that ARV-825 induced 

BRD4 protein degradation and inhibited thyroid. 

carcinoma cell growth in vitro and in vivo. It could be

 

 
 

Figure 4. ARV-825 oral administration inhibits TPC-1 xenograft tumor growth in SCID mice. SCID mice bearing TPC-1 xenografts 

(100 mm3 at “Day-0”) were treated with ARV-825 (daily gavage, 5 or 25 mg/kg body weight, for 21 consecutive days), the tumor volumes (A) 
and the mice body weights (D) were recorded every seven days (recording five rounds). The estimated daily tumor growth (in mm3 per day) 
was calculated (B). At “Day-35” tumors of all three groups were isolated and weighted (C). At treatment “Day-7” and “Day-14”, one tumor of 
each group was isolated, with fresh tumor tissue lysates analyzed by Western blotting for listed proteins (E and F). Expression of listed 
proteins was quantified and normalized to Erk1/2 (E and F). Vehicle stands for 10% DMSO, 40% PEG300, 5% Tween-80 plus 45% saline. For 
each group, n= 10 mice. ***p < 0.001 vs. “Vehicle” group. 
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an important therapeutic advance for the treatment of 

thyroid carcinoma. 

 

MATERIALS AND METHODS 
 

Chemicals and reagents 

 

ARV-825 was purchased from MCE China (Suzhou, 

China). MG-132 was obtained from Sigma Chemicals 

(Beijing, China). The caspase inhibitors, z-DEVD-fmk, 

z-LEHD-fmk and z-VAD-fmk, were provided by 

Calbiochem (La Jolla, CA). GSK1210151A, JQ1 and 

CPI203 were provided by Selleck (Shanghai, China). 

The antibodies were all purchased from Cell Signaling 

Tech (Beverly, MA).  

 

Cell culture 

 

The established TPC-1 human thyroid carcinoma cells 

were cultured as previously described [13]. TPC-1 cells 

were routinely checked for possible mycoplasma and 

microbial contamination. To confirm the the genotype 

STR profiling, population doubling time, and morphology 

were verified. The primary human thyroid carcinoma cells 

(“C1/C2”) as well as the thyroid follicular epithelial cells 

(“E1/E2”), derived from two primary papillary thyroid 

carcinoma patients, were reported early [13], and cultured 

using the described protocol [13]. The protocols of using 

human cells were in accordance with the Declaration of 

Helsinki, approved by the Institutional Ethics Review 

Board of authors institutions.  

 

Cell viability 

 

As previously described [13], at 5,000 cells per well 

cells were initially plated into 96-well plates. Following 

the applied treatment, cell viability was tested by the 

MTT assay, with its optical density (OD) values 

measured at the wavelength of 550 nm. 

 

Colony formation 

 

After the applied ARV-825 treatment THP-1 cells were 

placed onto 10-cm dishes (20,000 cells/dish) [13]. Cells 

were maintained in ARV-825-containing complete 

medium for a total of 10 days (with medium renewed 

every two days). The number of viable THP-1 cell 

colonies remained was manually counted. 

 

Caspase activity 

 

 Following the applied ARV-825 treatment, 30 μg of 

cytosolic protein extracts were mixed with the caspase 

assay buffer and the caspase (-3/-8/-9) substrate [13]. 

An Infinite 200-PRO reader was utilized to quantify the 

release of fluorogenic AFC at 400 nm excitation and 

505 nm emission. AFC fluorescence value was always 

normalized to that of vehicle control.  

 

TUNEL (terminal deoxynucleotidyl transferase 

dUTP nick end labeling) staining 

 

Cells were initially seeded into the 12-well plates (5 x 

104 cells/cm2). With the applied treatment, a TUNEL In 

Situ Cell Death Detection Kit (Roche) was applied to 

test cell apoptosis. Briefly, cells were stained with 

TUNEL and DAPI, visualized under a fluorescent 

microscope (Leica). In each condition 600 cell nuclei in 

six random views were counted to calculate TUNEL-

positive nuclei ratio (% vs. DAPI). 

 

EdU (5-ethynyl-20-deoxyuridine) staining 

 

Cells were initially seeded into 24-well plates (2 x 104 

cells/cm2). With the applied treatment, an EdU Apollo-

567 assay kit (RiboBio, Guangzhou, China) was utilized 

to test cell proliferation. Cells were co-stained with EdU 

and DAPI, visualized under a fluorescent microscope 

(Leica). In each condition 600 cell nuclei in six random 

views were counted to calculate EdU/DAPI ratio [30, 31].  

 

Mitochondrial depolarization 

 

With mitochondrial depolarization JC-1 dye shall 

aggregate in the mitochondria to form green monomers in 

the stressed cells [32]. After the applied ARV-825 

treatment, cells were incubated with JC-1 (5 μg/mL, 

Sigma), tested under the fluorescence spectrofluorometer 

at the test-wavelength of 545 nm (green). The JC-1 

fluorescence images, integrating the green (at 550 nm) 

and red (at 635 nm) channels, were presented as well. 

 

“Transwell” assay 

 

The thyroid carcinoma cells (10, 000 cells in 250 μL 

serum-free medium) with the applied ARV-825 treatment 

were seeded on the upper surface of the “Transwell” 

chambers (BD Biosciences). FBS-containing complete 

medium was added to the lower “Transwell” chambers. 

After incubation for 24h the migrated cells were stained 

and counted.  

 

Western blotting 

 

The detailed protocols of Western blotting were described 

previously [33, 34]. In brief, total cellular lysates (30-40 

μg proteins per treatment in each lane) were separated by 

10-12% SDS-PAGE gels, transferred to a PVDF blot. 

After blocking, the blot was incubated with the applied 

primary and secondary antibodies, with the antibody-

antigen binding detected by an ECL kit. For data 

quantification, the ImageJ software (NIH) was utilized.  
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RNA extraction and qPCR 

 

Total RNA was extracted via the TRIzol reagents 

(Invitrogen Thermo-Fisher). Quantitative real-time 

reverse transcription-PCR (“qPCR”) assay was carried 

using the previously-described protocol [23]. GAPDH 

was always examined as the reference gene for data 

quantification, using the 2−∆∆Ct method. mRNA primers 

utilized in this study were provided by Dr. Zhao at 

Soochow University [23].  

 

BRD4 knockout (KO) 

 

The lentiCRISPR-BRD4-KO-GFP construct, provided 

by Dr. Zhao at Soochow University [23], was 

transfected to TPC-1 cells by Lipofectamine 2000 

(Invitrogen Thermo-Fisher). FACS was carried to sort 

the GFP-positive single cells, with BRD4 KO verified 

by Western blotting.  

 

Xenograft assay 

 

The detailed protocols were reported in our previous 

study [13]. Briefly, from the Experimental Animal 

Center of Soochow University (Suzhou, China) the 

severe combined immunodeficient (SCID) mice were 

obtained. To establish tumor xenografts TPC-1 cells 

were subcutaneously (s.c.) injected to the right flanks 

[13]. Tumor-bearing SICD mice were randomly 

assigned into three groups (10 mice per group), treated 

with ARV-825 or the vehicle control. Tumor volumes 

and the mice body weights were recorded every seven 

days. The animal studies were conducted with the 

standards of ethical treatment approved by the 

Institutional Animal Care and Use Committee (IACUC) 

of authors’ institutions.  

 

Statistical analyses 

 

Data were presented as mean ± standard deviation (SD). 

Statistics were analyzed by one-way ANOVA followed 

by the Scheffe' and Tukey Test using SPSS software 

(21.0, SPSS Co. Chicago, CA). Significance was chosen 

as p < 0.05. To determine significance between two 

treatment groups, the two-tailed unpaired t tests (Excel 

2007) were carried out. 

 

CONFLICTS OF INTEREST  
 

The authors declare no conflicts of interest. 

 

FUNDING 
 

This study was supported by the Science and 

Technology Foundation of Affiliated Hospital of 

Nanjing University of Chinese Medicine. 

REFERENCES 
 
1. Davies L, Welch HG. Current thyroid cancer trends in 

the United States. JAMA Otolaryngol Head Neck Surg. 
2014; 140:317–22.  

 https://doi.org/10.1001/jamaoto.2014.1 
PMID:24557566  

2. La Vecchia C, Malvezzi M, Bosetti C, Garavello W, 
Bertuccio P, Levi F, Negri E. Thyroid cancer mortality 
and incidence: a global overview. Int J Cancer. 2015; 
136:2187–95.  

 https://doi.org/10.1002/ijc.29251 PMID:25284703  

3. Vuong HG, Altibi AM, Abdelhamid AH, Ngoc PU, Quan 
VD, Tantawi MY, Elfil M, Vu TL, Elgebaly A, Oishi N, 
Nakazawa T, Hirayama K, Katoh R, et al. The changing 
characteristics and molecular profiles of papillary 
thyroid carcinoma over time: a systematic review. 
Oncotarget. 2017; 8:10637–49.  

 https://doi.org/10.18632/oncotarget.12885 
PMID:27793009  

4. Santoro M, Melillo RM. Genetics: the genomic 
landscape of papillary thyroid carcinoma. Nat Rev 
Endocrinol. 2015; 11:133–34.  

 https://doi.org/10.1038/nrendo.2014.209 
PMID:25421371  

5. Hajmirza A, Emadali A, Gauthier A, Casasnovas O, 
Gressin R, Callanan MB. BET Family Protein BRD4: An 
Emerging Actor in NFκB Signaling in Inflammation and 
Cancer. Biomedicines. 2018; 6:6.  

 https://doi.org/10.3390/biomedicines6010016 
PMID:29415456  

6. Fu LL, Tian M, Li X, Li JJ, Huang J, Ouyang L, Zhang Y, Liu 
B. Inhibition of BET bromodomains as a therapeutic 
strategy for cancer drug discovery. Oncotarget. 2015; 
6:5501–16.  

 https://doi.org/10.18632/oncotarget.3551 
PMID:25849938  

7. Shi J, Vakoc CR. The mechanisms behind the 
therapeutic activity of BET bromodomain inhibition. 
Mol Cell. 2014; 54:728–36.  

 https://doi.org/10.1016/j.molcel.2014.05.016 
PMID:24905006  

8. Chen R, Yik JH, Lew QJ, Chao SH. Brd4 and HEXIM1: 
multiple roles in P-TEFb regulation and cancer. Biomed 
Res Int. 2014; 2014:232870.  

 https://doi.org/10.1155/2014/232870  
PMID:24592384  

9. Iftner T, Haedicke-Jarboui J, Wu SY, Chiang CM. 
Involvement of Brd4 in different steps of the 
papillomavirus life cycle. Virus Res. 2017; 231:76–82.  

 https://doi.org/10.1016/j.virusres.2016.12.006 
PMID:27965149  

https://doi.org/10.1001/jamaoto.2014.1
https://www.ncbi.nlm.nih.gov/pubmed/24557566
https://doi.org/10.1002/ijc.29251
https://www.ncbi.nlm.nih.gov/pubmed/25284703
https://doi.org/10.18632/oncotarget.12885
https://www.ncbi.nlm.nih.gov/pubmed/27793009
https://doi.org/10.1038/nrendo.2014.209
https://www.ncbi.nlm.nih.gov/pubmed/25421371
https://doi.org/10.3390/biomedicines6010016
https://www.ncbi.nlm.nih.gov/pubmed/29415456
https://doi.org/10.18632/oncotarget.3551
https://www.ncbi.nlm.nih.gov/pubmed/25849938
https://doi.org/10.1016/j.molcel.2014.05.016
https://www.ncbi.nlm.nih.gov/pubmed/24905006
https://doi.org/10.1155/2014/232870
https://www.ncbi.nlm.nih.gov/pubmed/24592384
https://doi.org/10.1016/j.virusres.2016.12.006
https://www.ncbi.nlm.nih.gov/pubmed/27965149


 

www.aging-us.com 4556 AGING 

10. Bachu M, Dey A, Ozato K. Chromatin Landscape of the 
IRF Genes and Role of the Epigenetic Reader BRD4. J 
Interferon Cytokine Res. 2016; 36:470–75.  

 https://doi.org/10.1089/jir.2015.0179  
PMID:27379869  

11. Devaiah BN, Singer DS. Two faces of brd4: mitotic 
bookmark and transcriptional lynchpin. Transcription. 
2013; 4:13–17.  

 https://doi.org/10.4161/trns.22542  
PMID:23131666  

12. Zuber J, Shi J, Wang E, Rappaport AR, Herrmann H, 
Sison EA, Magoon D, Qi J, Blatt K, Wunderlich M, Taylor 
MJ, Johns C, Chicas A, et al. RNAi screen identifies Brd4 
as a therapeutic target in acute myeloid leukaemia. 
Nature. 2011; 478:524–28.  

 https://doi.org/10.1038/nature10334 PMID:21814200  

13. Xu K, Chen D, Qian D, Zhang S, Zhang Y, Guo S, Ma Z, 
Wang S. AZD5153, a novel BRD4 inhibitor, suppresses 
human thyroid carcinoma cell growth in vitro and 
in vivo. Biochem Biophys Res Commun. 2018; 
499:531–37.  

 https://doi.org/10.1016/j.bbrc.2018.03.184 
PMID:29596834  

14. Wang Y, Wang W, Sun H. Bromodomain-containing 
protein 4 is critical for the antiproliferative and 
pro-apoptotic effects of gambogic acid in anaplastic 
thyroid cancer. Int J Mol Med. 2018; 42:161–70.  

 https://doi.org/10.3892/ijmm.2018.3642 
PMID:29717765  

15. Li D, Cui C, Chen J, Hu Z, Wang Y, Hu D. Long 
non-coding RNA UCA1 promotes papillary thyroid 
cancer cell proliferation via miR-204-mediated BRD4 
activation. Mol Med Rep. 2018; 18:3059–67.  

 https://doi.org/10.3892/mmr.2018.9246 
PMID:30015945  

16. Lu J, Qian Y, Altieri M, Dong H, Wang J, Raina K, Hines J, 
Winkler JD, Crew AP, Coleman K, Crews CM. Hijacking 
the E3 Ubiquitin Ligase Cereblon to Efficiently Target 
BRD4. Chem Biol. 2015; 22:755–63.  

 https://doi.org/10.1016/j.chembiol.2015.05.009 
PMID:26051217  

17. Noblejas-López MD, Nieto-Jimenez C, Burgos M, 
Gómez-Juárez M, Montero JC, Esparís-Ogando A, 
Pandiella A, Galán-Moya EM, Ocaña A. Activity of BET-
proteolysis targeting chimeric (PROTAC) compounds in 
triple negative breast cancer. J Exp Clin Cancer Res. 
2019; 38:383.  

 https://doi.org/10.1186/s13046-019-1387-5 
PMID:31470872  

18. Lu Q, Ding X, Huang T, Zhang S, Li Y, Xu L, Chen G, Ying 
Y, Wang Y, Feng Z, Wang L, Zou X. BRD4 degrader ARV-
825 produces long-lasting loss of BRD4 protein and 

exhibits potent efficacy against cholangiocarcinoma 
cells. Am J Transl Res. 2019; 11:5728–39.  

 PMID:31632543  

19. Saenz DT, Fiskus W, Qian Y, Manshouri T, Rajapakshe 
K, Raina K, Coleman KG, Crew AP, Shen A, Mill CP, Sun 
B, Qiu P, Kadia TM, et al. Novel BET protein proteolysis-
targeting chimera exerts superior lethal activity than 
bromodomain inhibitor (BETi) against post-
myeloproliferative neoplasm secondary (s) AML cells. 
Leukemia. 2017; 31:1951–61.  

 https://doi.org/10.1038/leu.2016.393  
PMID:28042144  

20. Abruzzese MP, Bilotta MT, Fionda C, Zingoni A, Soriani 
A, Vulpis E, Borrelli C, Zitti B, Petrucci MT, Ricciardi MR, 
Molfetta R, Paolini R, Santoni A, Cippitelli M. Inhibition 
of bromodomain and extra-terminal (BET) proteins 
increases NKG2D ligand MICA expression and 
sensitivity to NK cell-mediated cytotoxicity in multiple 
myeloma cells: role of cMYC-IRF4-miR-125b interplay. J 
Hematol Oncol. 2016; 9:134.  

 https://doi.org/10.1186/s13045-016-0362-2 
PMID:27903272  

21. Coudé MM, Braun T, Berrou J, Dupont M, Bertrand S, 
Masse A, Raffoux E, Itzykson R, Delord M, Riveiro ME, 
Herait P, Baruchel A, Dombret H, Gardin C. BET 
inhibitor OTX015 targets BRD2 and BRD4 and 
decreases c-MYC in acute leukemia cells. Oncotarget. 
2015; 6:17698–712.  

 https://doi.org/10.18632/oncotarget.4131 
PMID:25989842  

22. Sun B, Fiskus W, Qian Y, Rajapakshe K, Raina K, 
Coleman KG, Crew AP, Shen A, Saenz DT, Mill CP, 
Nowak AJ, Jain N, Zhang L, et al. BET protein 
proteolysis targeting chimera (PROTAC) exerts potent 
lethal activity against mantle cell lymphoma cells. 
Leukemia. 2018; 32:343–52.  

 https://doi.org/10.1038/leu.2017.207 PMID:28663582  

23. Xiang T, Bai JY, She C, Yu DJ, Zhou XZ, Zhao TL. 
Bromodomain protein BRD4 promotes cell 
proliferation in skin squamous cell carcinoma. Cell 
Signal. 2018; 42:106–13.  

 https://doi.org/10.1016/j.cellsig.2017.10.010 
PMID:29050985  

24. Shen G, Jiang M, Pu J. Dual inhibition of BRD4 and PI3K 
by SF2523 suppresses human prostate cancer cell 
growth in vitro and in vivo. Biochem Biophys Res 
Commun. 2018; 495:567–73.  

 https://doi.org/10.1016/j.bbrc.2017.11.062 
PMID:29133261  

25. Yao W, Yue P, Khuri FR, Sun SY. The BET bromodomain 
inhibitor, JQ1, facilitates c-FLIP degradation and 
enhances TRAIL-induced apoptosis independent of 
BRD4 and c-Myc inhibition. Oncotarget. 2015; 

https://doi.org/10.1089/jir.2015.0179
https://www.ncbi.nlm.nih.gov/pubmed/27379869
https://doi.org/10.4161/trns.22542
https://www.ncbi.nlm.nih.gov/pubmed/23131666
https://doi.org/10.1038/nature10334
https://www.ncbi.nlm.nih.gov/pubmed/21814200
https://doi.org/10.1016/j.bbrc.2018.03.184
https://www.ncbi.nlm.nih.gov/pubmed/29596834
https://doi.org/10.3892/ijmm.2018.3642
https://www.ncbi.nlm.nih.gov/pubmed/29717765
https://doi.org/10.3892/mmr.2018.9246
https://www.ncbi.nlm.nih.gov/pubmed/30015945
https://doi.org/10.1016/j.chembiol.2015.05.009
https://www.ncbi.nlm.nih.gov/pubmed/26051217
https://doi.org/10.1186/s13046-019-1387-5
https://www.ncbi.nlm.nih.gov/pubmed/31470872
https://www.ncbi.nlm.nih.gov/pubmed/31632543
https://doi.org/10.1038/leu.2016.393
https://www.ncbi.nlm.nih.gov/pubmed/28042144
https://doi.org/10.1186/s13045-016-0362-2
https://www.ncbi.nlm.nih.gov/pubmed/27903272
https://doi.org/10.18632/oncotarget.4131
https://www.ncbi.nlm.nih.gov/pubmed/25989842
https://doi.org/10.1038/leu.2017.207
https://www.ncbi.nlm.nih.gov/pubmed/28663582
https://doi.org/10.1016/j.cellsig.2017.10.010
https://www.ncbi.nlm.nih.gov/pubmed/29050985
https://doi.org/10.1016/j.bbrc.2017.11.062
https://www.ncbi.nlm.nih.gov/pubmed/29133261


 

www.aging-us.com 4557 AGING 

6:34669–79.  
 https://doi.org/10.18632/oncotarget.5785 

PMID:26415225  

26. Korb E, Herre M, Zucker-Scharff I, Darnell RB, Allis CD. 
BET protein Brd4 activates transcription in neurons and 
BET inhibitor Jq1 blocks memory in mice. Nat Neurosci. 
2015; 18:1464–73.  

 https://doi.org/10.1038/nn.4095 PMID:26301327  

27. Church ME, Estrada M, Leutenegger CM, Dela Cruz FN, 
Pesavento PA, Woolard KD. BRD4 is associated with 
raccoon polyomavirus genome and mediates viral gene 
transcription and maintenance of a stem cell state in 
neuroglial tumour cells. J Gen Virol. 2016; 97:2939–48.  

 https://doi.org/10.1099/jgv.0.000594 PMID:27600312  

28. Civenni G, Carbone GM, Catapano CV. Mitochondrial 
fission and stemness in prostate cancer. Aging (Albany 
NY). 2019; 11:8036–38.  

 https://doi.org/10.18632/aging.102339 
PMID:31575828  

29. Piya S, Mu H, Bhattacharya S, Lorenzi PL, Davis RE, 
McQueen T, Ruvolo V, Baran N, Wang Z, Qian Y, Crews 
CM, Konopleva M, Ishizawa J, et al. BETP degradation 
simultaneously targets acute myelogenous leukemia 
stem cells and the microenvironment. J Clin Invest. 
2019; 129:1878–94.  

 https://doi.org/10.1172/JCI120654  
PMID:30829648  

30. Zhou LN, Li P, Cai S, Li G, Liu F. Ninjurin2 
overexpression promotes glioma cell growth. Aging 
(Albany NY). 2019; 11:11136–47.  

 https://doi.org/10.18632/aging.102515 
PMID:31794427  

31. Li G, Zhou LN, Yang H, He X, Duan Y, Wu F. Ninjurin 2 
overexpression promotes human colorectal cancer cell 
growth in vitro and in vivo. Aging (Albany NY). 2019; 
11:8526–41.  

 https://doi.org/10.18632/aging.102336 
PMID:31597121  

32. Brooks MM, Neelam S, Fudala R, Gryczynski I, 
Cammarata PR. Lenticular mitoprotection. Part A: 
monitoring mitochondrial depolarization with JC-1 and 
artifactual fluorescence by the glycogen synthase 
kinase-3β inhibitor, SB216763. Mol Vis. 2013; 
19:1406–12.  

 PMID:23825920  

33. Sun J, Huang W, Yang SF, Zhang XP, Yu Q, Zhang ZQ, 
Yao J, Li KR, Jiang Q, Cao C. Gαi1 and Gαi3mediate 
VEGF-induced VEGFR2 endocytosis, signaling and 
angiogenesis. Theranostics. 2018; 8:4695–709.  

 https://doi.org/10.7150/thno.26203 PMID:30279732  

34. Marshall J, Zhou XZ, Chen G, Yang SQ, Li Y, Wang Y, 
Zhang ZQ, Jiang Q, Birnbaumer L, Cao C. 
Antidepression action of BDNF requires and is 
mimicked by Gαi1/3 expression in the hippocampus. 
Proc Natl Acad Sci USA. 2018; 115:E3549–58.  

 https://doi.org/10.1073/pnas.1722493115 
PMID:29507199  

 

https://doi.org/10.18632/oncotarget.5785
https://www.ncbi.nlm.nih.gov/pubmed/26415225
https://doi.org/10.1038/nn.4095
https://www.ncbi.nlm.nih.gov/pubmed/26301327
https://doi.org/10.1099/jgv.0.000594
https://www.ncbi.nlm.nih.gov/pubmed/27600312
https://doi.org/10.18632/aging.102339
https://www.ncbi.nlm.nih.gov/pubmed/31575828
https://doi.org/10.1172/JCI120654
https://www.ncbi.nlm.nih.gov/pubmed/30829648
https://doi.org/10.18632/aging.102515
https://www.ncbi.nlm.nih.gov/pubmed/31794427
https://doi.org/10.18632/aging.102336
https://www.ncbi.nlm.nih.gov/pubmed/31597121
https://www.ncbi.nlm.nih.gov/pubmed/23825920
https://doi.org/10.7150/thno.26203
https://www.ncbi.nlm.nih.gov/pubmed/30279732
https://doi.org/10.1073/pnas.1722493115
https://www.ncbi.nlm.nih.gov/pubmed/29507199

