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Abstract: Bromodomain (BRD) and extra-terminal (BET) proteins are epigenetic readers that regulate gene expres-
sion and promote cancer evolution. Pharmacological inactivation of BRD4 has recently been introduced as a prom-
ising anti-neoplastic approach that targets MYC oncogene expression. However, resistance against BRD4-targeting 
drugs has been described. We compared the efficacy of the small-molecule-type BET BRD inhibitor JQ1 with the 
recently developed BET protein degraders dBET1 and dBET6 in colon, breast, melanoma, ovarian, lung and prostate 
cancer cell lines. As determined by qPCR, all BRD4 targeting drugs dose-dependently decreased MYC expression, 
with dBET6 introducing the strongest downregulation of MYC. This correlated with the anti-proliferative activity of 
these drugs, which was at least one order of magnitude higher for dBET6 (IC50 0.001-0.5 µM) than for dBET1 or JQ1 
(IC50 0.5-5 µM). Interestingly, when combined with commonly used cytotoxic therapeutics, dBET6 was found to pro-
mote anti-neoplastic effects and to counteract chemoresistance in most cancer cell lines. Moreover, JQ1 and both 
BET degraders strongly downregulated baseline and interferon-gamma induced expression of the immune check-
point molecule PD-L1 in all cancer cell lines. Together, our data suggest that dBET6 outperforms first-generation 
BRD4 targeting drugs like dBET1 and JQ1, and decreases chemoresistance and immune resistance of cancer.
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Introduction

Epigenetic alterations of the chromatin play an 
important role in the pathogenesis of cancer. 
Methylation of DNA and posttranslational alter-
ation of histones such as methylation and acet-
ylation on lysine residues are the most com-
mon epigenetic changes. The histone modifica-
tions cause loosening of the chromatin and 
facilitate binding of transcription factors to  
regulatory sequences of pro-oncogenic genes 
thereby promoting de-differentiation, cell pro- 
liferation and malignant progression. Histone 
modifying proteins are classified into histone 
writers, readers and erasers. These proteins 
add, manage and remove chromatin modifica-
tions [1-3]. Epigenetic readers of the bromodo-
main and extra-terminal domain (BET) protein 
family use the bromodomain (BRD) to target 

acetylated lysines in histone proteins and regu-
late gene expression through interaction with 
the transcriptional machinery [4, 5]. The BET 
family includes ubiquitously expressed BRD2, 
BRD3 and BRD4, and testis restricted BRDT 
[6]. BRD4 has attracted attention as a promis-
ing anti-cancer drug target due to its strong 
effect on expression of the transcription fac- 
tor MYC, which is a well-known pro-oncogenic 
master regulator and a major driver of a wide 
variety of cancers [7-10]. Unfortunately, effec-
tive drugs that directly target MYC are still not 
available. Thus, pharmacological blockade of 
BRD4 may be a promising indirect strategy to 
mitigate MYC hyperactivity. Recently, JQ1 has 
been developed as a potent, selective small 
molecule inhibitor of BET proteins that displac-
es the BRD2, BRD3 and BRD4 domains from 
chromatin through competitive binding to the 
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acetyl-lysine recognition pockets of the do- 
mains [11, 12]. 

In hematologic malignancies, JQ1-mediated 
downregulation of MYC correlated well with 
reduced cell proliferation, whereas in solid tu- 
mors reduction of MYC and of cell growth was 
less striking after single drug treatment, de- 
spite the fact that MYC is a key driver of both 
blood-borne cancers as well as solid tumors 
[13-20]. Recently, we characterized several re- 
gulatory loops that counteract BET inhibitors 
and weaken their effects in colon, breast and 
ovarian cancer [21]. Accordingly, concurrent 
blockade of these bypass routes improved  
BET inhibitor mediated growth inhibition signi- 
ficantly indicating that drug combinations can 
increase the clinical benefit of BET pathway 
interference in solid tumors. Moreover, we ob- 
served that the BET degrader dBET1 outper-
formed the BET inhibitor JQ1 in colon, breast 
and ovarian cancer cells [21]. dBET1 belongs  
to the first generation of bifunctional small- 
molecule BET protein degraders. These com-
pounds contain the BRD4 inhibiting JQ1 moi- 
ety linked via a carbohydrate bridge to thalido-
mide that binds cereblon, a component of the 
ubiquitin ligase complex, and enables degra- 
dation of the BET protein by enforcing pro- 
ximity of the targeted BRD domain with the 
ubiquitin ligase complex causing ubiquitination 
and proteasomal disintegration [22]. Subse- 
quent structural modification of dBET1 yielded 
an optimized compound known as dBET6, 
which differs from dBET1 by an extended car-
bohydrate bridge [23]. To our knowledge, this 
highly potent second generation BET degrader 
has not yet been used in solid tumors except 
glioblastoma [24]. 

The aim of the present study was to compare 
for the first time the efficacy of this novel BET 
degrader with the effects of its predecessor 
dBET1 and the prototypic BET inhibitor JQ1 in a 
variety of solid tumors including colon, breast, 
ovarian, lung and prostate cancer, as well as 
melanoma. Our findings show that dBET6 ex- 
erts superior MYC downregulation and anti-pro-
liferation effects, which are further improved, 
when dBET6 is combined with standard che- 
motherapy. Moreover, dBET6 potently suppre- 
ssed interferon gamma (IFN-G)-induced PD-L1 
immune checkpoint expression indicating that 
combining dBET6 with PD-L1 blockade may be 
a useful therapeutic approach in solid tumors.

Materials and methods 

Reagents 

Dulbecco’s modified Eagle’s medium (DMEM), 
α-modified minimal essential medium (α-MEM) 
and phosphate buffered saline (PBS) were  
from Gibco Life Technologies (Gaithersburg, 
MD), and RPMI 1640 medium and fetal calf 
serum (FCS) were from PAA Laboratories 
(Pasching, Austria). The BET inhibitor JQ1 was 
purchased from Selleckchem (Houston, TX), 
the BET degraders dBET1 from Chemietek 
(Indianapolis, IN) and dBET6 from Aobious Inc 
(Gloucester, MA). 5-Fluorouracil (5-FU), doxoru-
bicin and paclitaxel were obtained from Sigma 
(St. Louis, MO), and IFN-G was from Merck 
(Darmstadt, Germany). 3H-thymidine was pur-
chased from Amersham (Buckinghamshire,  
UK) and Annexin V-FITC from eBiosciences  
(San Diego, CA).

Cell lines and culture conditions 

Colon (HCT15, HCT116, HT29), breast (MCF7, 
SKBR3, T47D), melanoma (607B, A375, MEL-
JUSO), ovarian (A2780, HEY, SKOV3), lung 
(H1993, H2073) and prostate (DU-145, LN- 
CAP) cancer cell lines were cultured in RPMI 
1640 medium (Thermo Fisher Scientific, Wal- 
tham, MA) supplemented with FCS and antibi-
otics at 37°C in a 5% CO2 atmosphere. Ab- 
sence of viral/bacterial/fungal/mycoplasma 
infection in the cell lines was proven by Venor 
GeM (Minerva Biolabs, Berlin, Germany). Spe- 
cies origins were examined by species-PCR, 
and cell line identities were tested by fluores-
cent nonaplex-PCR of short tandem repeat 
markers (DSMZ, Braunschweig, Germany).

3H-thymidine incorporation 

To determine the growth-modulating proper- 
ties of BET inhibitors and degraders, the cell 
lines were exposed to JQ1, dBET1 and dBET6 
(0.001-5 µM) at 37°C for 48 hours, and the  
efficacy of dBET6 on chemoresistance was 
determined by incubating the tumor cells with 
5-FU (HCT15, HCT116, HT29, MCF7, SKBR3, 
T47D), doxorubicin (607B, A375, MEL-JUSO, 
OPM-2, RPMI-8226, U-266, A2780, HEY, SK- 
OV3) or paclitaxel (H1993, H2073, DU-145, 
LNCAP) in the presence or absence of dBET6 
(at the IC50 of the respective cell line) at 37°C 
for 48 hours. Then, 1 µCi (0.037 MBq) 3H-thy- 
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midine was added (37°C, 16 hours) to deter-
mine de novo DNA synthesis. Thereafter, cells 
were harvested on filter membranes (Packard 
Bioscience, Meriden, CT) in a Filtermate 196 
harvester (Packard Bioscience). Filters were 
air-dried, and the bound radioactivity was de- 
tected in a β-counter (Top-Count NXT, Packard 
Bioscience).

Quantitative real-time PCR (qPCR) 

Cell lines were incubated with JQ1, dBET1 or 
dBET6 (0.005-5 µM) at 37°C for 16 hours.  
Total RNA was isolated using the RNeasy Mini 
Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. Reverse transcription 
was performed using Moloney murine leuke- 
mia virus reverse transcriptase, random prim-
ers, first strand buffer (Invitrogen, Carlsbad, 
CA), dNTPs (Promega, Mannheim, Germany) 
and RNasin plus (Promega) according to manu-
facturer’s instructions (Invitrogen). qPCR was 
performed using primers (Eurofins MWG Oper- 
on, Ebersberg, Germany) for human Actin (for-
ward: 5’-TCGACAACGGCTCCGGCATG-3’; rever- 
se: 5’-CCTCTCTTGCTCTGGGCCTCGTC-3’) and 
human MYC (forward: 5’-TGCTCCATGAGGAGA- 
CACC-3’; reverse: 5’-CCTGCCTCTTTTCCACAG- 
AA-3’). qPCR was performed on a QuantStudio 
3 Real-Time PCR System (Thermo Fisher 
Scientific) using iTaq Universal SYBR Green 
Supermix (Bio-Rad, Hercules, CA). Expression 
levels of MYC were normalized to Actin by the 
standard curve method.

Apoptosis assays 

For flow cytometric determination of apoptosis, 
Annexin V staining was performed. Cell lines 
were incubated in medium without or with JQ1, 
dBET1 or dBET6 (0.1-10 µM) at 37°C for 48 
hours. Then, cells were washed with PBS and 
incubated with Annexin V-FITC in binding-buffer 
containing HEPES (10 mM, pH 7.4), NaCl (140 
mM) and CaCl2 (2.5 mM) for 15 minutes. There- 
after, cells were washed and PI (1 mg/mL) was 
added. Cells were examined in a FACSCanto 
flow cytometer (BD Biosciences, San Jose, CA). 

Immunofluorescence flow cytometry analysis

Baseline expression of immune checkpoint  
proteins on tumor cells was analyzed by direct 
immunofluorescence flow cytometry in a FA- 
CSCanto (BD Biosciences) using phycoerythrin 

(PE)-labeled monoclonal antibodies (mAb) 
against CD28 (clone: CD28.2), CD80 (clone: 
2D10), CD83 (clone: HB15e), CD86 (clone: 
IT2.2), CD273 (PD-L2) (clone: MIH18), CD274 
(PD-L1) (clone: 29E.2A3), CD279 (PD-1) (clone: 
EH12.2H7), CD366 (clone: F38-2E2) (Biole- 
gend, San Diego, CA), CD47 (clone: BH612) and 
CD243 (clone: 15D3) (BD Biosciences) and 
PE-conjugated isotype-matched control anti-
bodies. Results were expressed as staining 
index (SI) defined as ratio between median fluo-
rescence intensity (MFI) obtained with specific 
mAb and MFI obtained with control mAb 
(MFIspecific mAb:MFIcontrol mAb). In a separate set of 
experiments, tumor cells were cultured in the 
presence or absence of 100 U/ml IFN-G, and 
without or with various concentrations of JQ1, 
dBET1 or dBET6 (0.05-2 µM) for 24 hours 
before PD-L1 expression was analyzed. 

Statistical analysis 

Data are expressed as mean values plus/ 
minus standard deviation from ≥ 3 indepen-
dent experiments. Statistical analysis was per-
formed by using ANOVA and post hoc Scheffe 
test. The correlation r between particular data 
sets was calculated and its statistical signifi-
cance was estimated by a correlated t-test.

Results

The baseline expression of BRD4 and MYC var-
ies over a wide range in solid tumor cells

The chromatin reader BRD4 binds to cell-type-
specific super-enhancer regions in genes that 
code for transcription factors and determin- 
es cell lineage and cell development. Among 
them, MYC - a pro-oncogenic master transcrip-
tion factor of numerous cancer pathways - is 
the primary effector of BRD4. MYC is essential 
for cell cycle progression and cell growth, and  
is a major driver of cancer development. While 
BRD4 is present in all cell types the super-
enhancer regions are associated with variable 
gene sets, depending on cell type and deve- 
lopmental and environmental signals, enabling 
cells to rapidly adjust their functional states. 
Accordingly, MYC, which is under control of a 
super-enhancer, is expressed at variable levels 
in cancer cells [25]. Here we demonstrate that 
the amount of BRD4 and MYC varies consider-
ably in solid tumor cells. While BRD4 and MYC 
expression significantly differ between indivi- 
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dual cell lines even when these cell lines are 
derived from the same tissue origin (e.g. skin, 
ovary/fallopian tube, lung, prostate) (Figure 
1A), both gene products are expressed at com-
parable levels (both at either high or low level) 
in the individual cancer cell lines (r = 0.73, P = 
0.0015) (Figure 1B).

dBET6 downregulates MYC in solid tumor cells 
more efficiently than dBET1 and JQ1

MYC is required for growth of most solid tu- 
mors and represents an attractive cancer drug 
target. Unfortunately, however, attempts to de- 
velop direct MYC inhibitors have so far been 
unsuccessful. An indirect approach that inter-
feres with the BET family protein BRD4, the 

potencies of these BET blockers in various 
tumor cell lines. While JQ1 and dBET1 abrogat-
ed DNA synthesis with similar efficacy, dBET6 
was a more potent inhibitor of DNA synthesis  
as demonstrated in dose-response experi-
ments (Figure 3). This became particularly evi-
dent when the IC50 values of JQ1 and dBET1 
were compared with those of dBET6. As shown 
in Table 1, the IC50 values of dBET6 were lower 
than those of dBET1 in each cell line, and were 
also lower than the IC50 values of JQ1 in most  
of these lines. Thus, the novel BET degrader 
dBET6 exerted the strongest anti-proliferative 
activity. Interestingly, drug-dependent inhibi-
tion of cell proliferation correlated weakly with 
downregulation of MYC (r = 0.44, P < 0.001).

Figure 1. Baseline expression of MYC and BRD4 mRNA in untreated solid 
tumor cells. A. Baseline expression of MYC and BRD4 mRNA was deter-
mined by qPCR analysis. The relative expression levels of MYC and BRD4 
mRNA were calculated by the standard curve method and Actin was used 
as internal control. The figure shows the mean ± SD of 3 independent de-
terminations. Please note that the y-axis is displayed on a logarithmic scale. 
Statistical analysis was performed using ANOVA and post hoc Scheffe test to 
compare either MYC mRNA levels between individual cell lines of the same 
tissue origin or BRD4 mRNA levels between individual cell lines of the same 
tissue origin. Asterisk (*): P < 0.05. B. Pearson correlation analysis between 
MYC mRNA level and BRD4 mRNA level across all cell lines revealed a highly 
significant (P = 0.0015) strong positive linear correlation with an r-value of 
0.73.

main inducer of MYC expres-
sion, would therefore be a 
promising alternative way to 
target MYC in solid tumors 
such as breast, gastric, blad-
der and prostate cancer [20, 
26-30]. Here we compared 
the efficacy of the novel sec-
ond generation BET protein 
degrader dBET6 with earlier 
BET antagonists including 
dBET1 and JQ1 in 3 colon 
(HCT15, HCT116, HT29), 3 
breast (MCF7, SKBR3, T47D), 
3 melanoma (607B, A375, 
MEL-JUSO), 3 ovarian (A2780, 
HEY, SKOV3), 2 lung (H1993, 
H2073) and 2 prostate (DU-
145, LNCAP) cancer cell lines. 
Downregulation of MYC mRNA 
was used as a well-accepted 
molecular biomarker to indi-
cate the on-target activity  
of the inhibitors. Accordingly, 
qPCR analyses demonstrated 
that all three BET targeting 
drugs dose-dependently redu- 
ced MYC mRNA levels, with 
dBET6 clearly being the most 
effective repressor of MYC 
(Figure 2).

dBET6 is a stronger inhibitor 
of solid tumor cell prolifera-
tion than dBET1 and JQ1

Next, we determined the 
growth-inhibitory effects and 
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Figure 2. Effects of BRD4 targeting drugs on expression of MYC mRNA in solid tumor cells. Cancer cell lines were 
incubated in control medium (co) or in medium containing various concentrations of JQ1, dBET1 or dBET6 (0.005-
5 µM) at 37°C for 16 hours. Expression of MYC mRNA was determined by qPCR analysis. The relative expression 
levels of MYC mRNA were calculated by the standard curve method and Actin was used as internal control. The 
figures show the mean ± SD of 3 independent experiments. Statistical analysis was performed by using ANOVA and 
post hoc Scheffe test. Asterisk (*): P < 0.05 compared to respective concentration of dBET6 (JQ1 vs. dBET6 and 
dBET1 vs. dBET6). 
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Figure 3. Effects of BRD4 targeting drugs on proliferation of solid tumor cells. Cancer cell lines were incubated in 
control medium (co) or in medium containing various concentrations of JQ1, dBET1 or dBET6 (0.001-5 µM) at 37°C 
for 48 hours. Thereafter, 3H-thymidine uptake was measured. Results are expressed as percent of control (co) and 
represent the mean ± SD of 3 independent experiments. Statistical analysis was performed by using ANOVA and 
post hoc Scheffe test. Asterisk (*): P < 0.05 compared to respective concentration of dBET6 (light-grey asterisk: JQ1 
vs. dBET6; dark-grey asterisk: dBET1 vs. dBET6).
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Table 1. IC50 values for JQ1-, dBET1-, and dBET6-mediated inhibition 
of 3H-thymidine incorporation in solid tumor cells

Entity Cell line JQ1 IC50 (µM) dBET1 IC50 (µM) dBET6 IC50 (µM)

Colon cancer HCT15 > 5 > 5 1-5
HCT116 1-5 > 5 0.1-0.5

HT29 > 5 > 5 0.5-1
Breast cancer MCF7 0.1-0.5 1-5 0.01-0.05

SKBR3 0.1-0.5 0.5-1 0.1-0.5
T47D 0.001-0.005 0.001-0.005 < 0.001

Melanoma 607B 0.5-1 0.5-1 < 0.001
A375 1-5 1-5 0.05-0.1

MEL-JUSO 1-5 1-5 < 0.001
Ovarian cancer A2780 > 5 0.1-0.5 0.01-0.05

HEY 0.05-0.1 > 5 0.05-0.1
SKOV3 > 5 1-5 0.01-0.05

Lung cancer H1993 0.1-0.5 1-5 0.01-0.05
H2073 0.1-0.5 > 5 1-5

Prostate cancer DU-145 > 5 > 5 1-5
LNCAP 0.005-0.01 0.05-0.1 0.01-0.05

Cell lines were cultured in control medium or in medium containing various concen-
trations of JQ1, dBET1 or dBET6 at 37°C for 48 hours. Thereafter, proliferation was 
measured by 3H-thymidine incorporation assay. IC50 values (μM) represent the ranges 
from 3 independent experiments. IC50 values of JQ1 and dBET1: bold numerals: IC50 
value higher than IC50 of dBET6; standard numerals: IC50 value equal to IC50 of dBET6; 
italic numerals: IC50 value lower than IC50 of dBET6.

dBET6 is a stronger inducer of apoptosis in 
solid tumor cells than dBET1 and JQ1

Next, we examined whether the growth inhibi-
tory effects of JQ1, dBET1 and dBET6 are as- 
sociated with apoptosis. To this end, Annexin-V 
labeled control and treated cells were analy- 
zed by flow cytometry. Data shown in Figure 4 
reveal that dBET6 increased the apoptotic cell 
fraction in 14 of the 16 cell lines tested, in- 
cluding HCT15, HCT116, MCF7, SKBR3, T47D, 
607B, A375, MEL-JUSO, A2780, HEY, SKOV3, 
H1993, DU145, and LNCAP. Of these 14 cell 
lines, 6 (MCF7, T47D, A375, HEY, H1993, and 
DU145) were sensitive to dBET6 only, but not  
to dBET1 and JQ1. Two other cell lines (A2780 
and SKOV3) were susceptible to both dBET1 
and dBET6, but not to JQ1, while the remaining 
six cell lines (HCT15, HCT116, SKBR3, 607B, 
MEL-JUSO, and LNCAP) were essentially equally 
sensitive to the three compounds. Overall, it 
was found that dBET6 is a major inducer of 
apoptosis in most cell lines tested (14/16). This 
was most evident at low drug concentrations. 
dBET1, on the other hand, was only moderately 
active, while JQ1 was the least effective apop-

therapy agents may be improved in the pres-
ence of a strong inhibitor of the BRD4/MYC 
pathway such as dBET6. Accordingly, 5-FU 
(colon and breast cancer), doxorubicin (mela-
noma and ovarian cancer) or paclitaxel (lung 
and prostate cancer) were administered at 
wide dose ranges with or without dBET6 at a 
concentration ≤ IC50 in each cell line. As shown 
in Figure 5, the growth inhibitory effects of all 
cytotoxic drugs applied were significantly in- 
creased in the presence of dBET6 in almost all 
cell lines examined. Notably, dBET6-mediated 
chemosensitization was most striking at low or 
moderate concentrations of the therapeutics.

dBET6 is the most potent repressor of IFN-G-
induced PD-L1 expression in solid tumor cells

Hyperexpression of immune checkpoint mo- 
lecules such as PD-L1, PD-L2, PD-1, CD28, 
CD47, CD80, CD83, CD86, CD243 and CD366 
in neoplastic cells is another mechanism that 
can cause cancer therapy resistance [33], and 
IFN-G has been identified as a powerful posi-
tive regulator of these checkpoint genes [34]. 
Here, we set out: 1. To characterize the level of 

totic drug (Figure 4). Furth- 
er analysis across all cell 
lines revealed that drug-
induced apoptosis corre-
lates with the expression 
levels of BRD4 and MYC 
before drug exposure (Ta- 
ble 2).

dBET6 augments the anti-
proliferative efficacy of 
cytotoxic chemotherapy in 
solid tumor cells

MYC has been identified 
as a key inducer of cancer 
stem cell (CSC) survival 
and expansion. CSCs are 
typically known to be high-
ly resilient to toxic sub-
stances. Moreover, BRD4/
MYC signaling has been 
reported to support can- 
cer chemoresistance [31, 
32]. Thus, we hypothesi- 
zed that the anti-prolifera-
tive efficacy of clinically 
proven standard chemo-
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baseline expression of all these checkpoint 
proteins in the solid tumor cell lines; 2. To de- 

termine the impact of IFN-G on checkpoint ex- 
pression levels in these cells; and 3. To demon-

Figure 4. Effects of BRD4 targeting drugs on survival of solid tumor cells. Cancer cell lines were incubated in control 
medium (co) or in medium containing various concentrations of JQ1, dBET1 or dBET6 (0.1-10 µM) at 37°C for 48 
hours. Then, cells were labeled with Annexin-V-FITC and examined by flow cytometry to determine the percentage of 
apoptotic cells. Statistical analysis was performed by using ANOVA and post hoc Scheffe test. Results represent the 
mean ± SD of 3 independent experiments. Asterisk (*): P < 0.05 compared to respective concentration of dBET6 
(JQ1 vs. dBET6 and dBET1 vs. dBET6).
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strate the effect of JQ1, dBET1 and dBET6 on 
IFN-G-induced hyperexpression of these im- 
mune checkpoint proteins. To this end, flow 
cytometry analysis was performed in untreat- 
ed and treated cancer cell lines. As summa-
rized in Table 3, moderate baseline levels of 
PD-L1 (CD274) and high levels of CD47 were 
observed in all cell lines tested, while the re- 
maining checkpoint proteins were not or hardly 
detectable in any of these lines. Both PD-L1 
and CD47 were found to be sensitive to IFN-G, 
with PD-L1 being induced in all cell lines and 
CD47 in 50% of them. In contrast, none of the 
other checkpoint molecules were inducible by 
IFN-G (Table 3). Next, we asked whether the 
IFN-G-induced PD-L1 upregulation could be 
counteracted by co-treatment with the BET  
targeting drugs. Indeed, we were able to show 
that JQ1 and both BET degraders diminished 
the IFN-G-induced upregulation of PD-L1. This 
effect was most clearly seen for dBET6, which 
caused a significant dose-dependent downreg-
ulation of IFN-G-induced expression of PD-L1  
in 14 of 16 cancer cell lines (all except 607B 
and H1993), while JQ1 reduced PD-L1 in 11 (all 
except 607B, A375, HEY, H1993 and H2073), 
and dBET1 only in 10 of them (all except HT29, 
607B, HEY, H1993, H2073 and DU145) (Figure 
6).

Discussion 

In a recent pilot study we observed that first-
generation BET-inhibitors and -degraders indu- 
ce growth inhibition and apoptosis with moder-
ate efficacy in several solid tumors, including 
cancers of the colon, the breast and the ovary/
fallopian tube [21]. This prompted us to analyze 

the potential of BET-targeting drugs against 
solid tumors in more detail. Encouraged by  
the development of novel BET degraders with 
improved pharmacological features and high 
activity against hematologic neoplasms, we 
now aimed at a broader analysis of the effi- 
cacy of the advanced second-generation de- 
grader dBET6 on a whole range of different 
solid tumors and we compared it with the two 
precursor drugs dBET1 and JQ1. While the  
main drug target, the chromatin eraser protein 
BRD4, is known to be ubiquitously expressed, 
the super-enhancer regions, which are the pre-
ferred interaction sites of BRD4 with the DNA, 
are distributed in the genome in a cell-type  
specific manner with particularly high densities 
in the vicinity of genes that determine microen-
vironmental adaptation and immune defense, 
and define developmental stage and cell iden-
tity. Some of these genes, such as MYC - the 
major BRD4-target gene-regulate cell cycle  
and cell growth and become oncogenic during 
malignant transformation [25]. Thus, sensitivity 
of solid tumor cells to BRD4-targeting drugs is 
likely to depend heavily on cell lineage, tissue 
origin, environmental setting and the actual  
cell make-up. This prompted us to examine the 
efficacy of dBET6 on cells from solid tumors of 
different tissue origins. Apart from one report 
by Xu et al., who demonstrated growth sensi- 
tivity of glioblastoma cells against dBET6 [24], 
our study is, to the best of our knowledge, the 
first profound analysis of the anti-cancer ef- 
fects the BET degrader dBET6. Remarkably, 
dBET6 efficacy clearly exceeded the anti-can-
cer effects of dBET1 and JQ1 in our study. The 
potential reason for the favorable efficacy of 
dBET6 might be its strong impact on MYC 
expression, which correlates with its increased 
cell permeability compared to JQ1 or dBET1 
[23]. The MYC oncogene plays a pivotal role in 
almost all aspects of oncogenesis [35]. There- 
fore, MYC has been considered an extraordi-
nary attractive molecular cancer drug target. 
Unfortunately, however, attempts to develop 
agents that directly neutralize MYC failed re- 
peatedly, rendering it as a yet undruggable 
oncoprotein. Thus, the BET antagonists JQ1, 
dBET1 and dBET6 act as indirect MYC inhibi-
tors. JQ1 is an acetyl-lysine mimetic that com-
petes with acetylated histones for binding to 
the acetyl-lysine binding pocket of both bro- 
modomains located in BRD4 and all other BET 
proteins. In contrast, the degraders dBET1 and 

Table 2. Pearson correlation between BET 
drug-induced apoptosis and BRD4 and MYC 
baseline expression in solid tumor cells

BRD4 MYC
r P r P

JQ1 0.81 0.0001 0.76 0.0005
dBET1 0.70 0.002 0.93 < 0.0001
dBET6 0.50 0.04 0.42 0.1
Cell lines were cultured in control medium or in medium 
containing 10 µM of JQ1, dBET1 or dBET6 at 37°C for 
48 hours. Thereafter, cells were labeled with Annexin-V-
FITC and examined by flow cytometry to determine the 
percentage of apoptotic cells. Baseline expression of 
BRD4 and MYC mRNA was determined by qPCR analysis 
in cells grown in control medium in the absence of drugs.
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Figure 5. Effects of dBET6 in combination with chemotherapeutics on proliferation of solid tumor cells. Cancer 
cell lines were incubated in control medium (co) or in medium containing various concentrations of 5-FU (HCT15, 
HCT116, HT29, MCF7, SKBR3, T47D), doxorubicin (607B, A375, MEL-JUSO, A2780, HEY, SKOV3) or paclitaxel 
(H1993, H2073, DU-145, LNCAP) with or without dBET6 (≤ IC50 of the cell lines) at 37°C for 48 hours. Thereafter, 
3H-thymidine uptake was measured. Results are expressed as percent of control (co) and represent the mean ± SD 
of 3 independent experiments. 
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Table 3. Baseline and IFN-G-induced expression of immune checkpoint proteins in solid tumor cells
Entity Cell line PD-L1 PD-L2 PD-1 CD28 CD47 CD80 CD83 CD86 CD243 CD366
Colon cancer HCT15 +* - - - ++* +/- +/- - + +/-

HCT116 +* - - - ++* +/- +/- +/- - -
HT29 +* - - - ++* +/- +/- - - -

Breast cancer MCF7 +* - - - ++ +/- +/- - - +/-
SKBR3 +* - - - ++* - - - - -
T47D +* - - +/- ++* + + - - +/-

Melanoma 607B +* - - - +++ +/- + +/- +/- +/-
A375 +* - - - +++* +/- + +/- - +/-

MEL-JUSO ++* +/- - - +++ + + - +/- +/-
Ovarian cancer A2780 +/-* - - - ++* +/- +/- - - -

HEY +* - - +/- ++* - +/- +/- - -
SKOV3 +/-* - - +/- ++ +/- +/- +/- - +/-

Lung cancer H1993 +* +/- - - ++ + + +/- +/- +
H2073 +* +/- - - ++ +/- + +/- - +/-

Prostate cancer DU-145 +* +/- - + ++ +/- + +/- +/- -
LNCAP +* - - +/- ++ +/- + +/- - -

Summary of the tested checkpoint protein expression in the cancer cell lines. Scoring system: staining index (SI) was calcu-
lated (ratio of median fluorescence intensities obtained with specific antibody and isotype-matched control antibody) and 
scored according to the following system: -, SI < 1.30; +/-, SI 1.31-3.00; +, SI 3.01-10.00; ++, SI 10.01-100; +++, SI > 100. 
The asterisk (*) indicates that the expression of the checkpoint marker is increased after 100 U/ml IFN-G treatment for 24 
hours. Abbreviations: IFN-G, interferon gamma; PD-L1, programmed cell death-ligand 1; PD-L2, programmed cell death-ligand 
2; PD-1, programmed cell death-1; CD, cluster of differentiation.

dBET6 represent bifunctional chimeric mole-
cules containing JQ1 for binding and inhibition 
of the bromodomains of BET proteins and a 
phthalimide moiety for interaction with the ce- 
reblon E3 ubiquitin ligase complex for subse-
quent proteasomal degradation of the BET pro-
teins. BRD4 preferentially interacts with super-
enhancer regions in genes that code for tran-
scription factors such as MYC. Thus, both BET 
inhibitors as well as BET degraders cause MYC 
downregulation in cells of solid tumors such as 
colon and breast cancer [36, 37]. 

The role of MYC in cancer cannot be overesti-
mated, and its functional elimination is of para-
mount importance for the success of any che-
motherapeutic approach, because MYC con-
trols gene programs that promote self-renewal 
of multiresistant CSC clones and thereby pro-
motes the development of drug resistance in 
cancer cells [31, 32]. With this in mind, we 
hypothesized that MYC reduction due to BRD4 
blockade might sensitize solid tumor cells to 
cytotoxic drugs. Therefore, we examined the 
efficacy of dBET6 to counteract resistance of 
solid tumor cells against clinically established 
standard chemotherapeutics. Drug combina-

tion therapies in cancer cells may work in a  
synergistic or additive fashion, and as a result, 
lower therapeutic doses of each individual drug 
are often required to block cancer cell growth 
with such combinations [38]. Intriguingly, this 
was indeed the case, when dBET6 was admin-
istered together with various doses of tumor-
specific cytotoxic therapeutics. The improved 
growth inhbition after drug combination is 
associated with enhanced cooperative down-
regulation of MYC as previously shown by us for 
combinations of BET blockers with the multi-
kinase inhbitor ponatinib [21]. 

Cross-regulation between oncogenic transcrip-
tion programs and the microenvironment is yet 
another important aspect of MYC function [39, 
40]. For instance, MYC expression in tumor 
cells has recently been shown to control tran-
scription of immune regulatory cytokines and  
to upregulate the immune checkpoint gene 
products CD47 and PD-L1, which both disable 
immune effector cells and blunt the host im- 
mune response against the neoplastic cells 
[41, 42]. Evidence thus strongly suggests that 
activated MYC supports resistance against im- 
munotherapy - a very promising form of cancer 
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therapy that has recently been added to the 
armamentarium [41]. According to Casey et al., 
MYC appears to modulate PD-L1 expression by 
binding directly to the promoter of the PD-L1 
gene in human and mouse tumor cells [42]. The 
PD-1/PD-L1 signaling axis plays a key role in 
the immune escape mechanism of cancer 
cells. Blocking this pathway is currently the  
preferred approach in cancer immunotherapy. 
The goal is to unlock the brake that cancer  
cells impose on T cells by disrupting the im- 
munosuppressive interaction between cancer 
borne PD-L1 and its cognate receptor PD-1 
expressed on the surface of the T cells [43]. In 
addition, IFN-G is the key mediator of an auto-
regulatory negative feedback loop. When ex- 
pressed by activated cytotoxic tumor-infiltrat- 
ing T cells, IFN-G stimulates cancer cells to 
overexpress PD-L1, which then curbs the cyto-
lytic action of the T cells and contributes to 
immunotherapy resistance [34, 44-47]. Here, 
we demonstrate that exogenous IFN-G upregu- 
lates PD-L1 expression in all cancer cell types 
examined, which underlines its significance as 
a general mechanism of cancer immune esca- 
pe. Most intriguingly, by adding BET targeting 
drugs that interfere with the BRD4/MYC/PD-L1 
cascade, we were able to disrupt this resis-
tance loop, with dBET6 being the strongest 
downregulator of MYC and PD-L1 expression. 
The fact that degradation of BRD4 generally 
causes stronger anti-cancer effects than its 
inhibition has very recently been shown by Bai 
et al. and Zong et al. in triple-negative breast 
cancer and in lung cancer [48, 49]. Here we 
demonstrate that advanced new-generation 
BET degraders with improved membrane per-
meability further elevate the efficacy of BET 
degrading drugs.

In summary, we demonstrate that certain BET-
degrading drugs show promising effects in  
solid tumor cells not only as single medication, 
but even more so in combination with chemo-
therapy or immunotherapy. This is mainly due 
to the fact that blockade of BRD4 downregu-

lates oncogenic drivers such as MYC, which 
regulate pathways that make neoplastic cells 
resilient to adverse conditions such as toxic 
microenvironments due to chemicals or immu-
nologic defense or strenuous migration during 
metastasis [50, 51]. Accordingly, the next step 
will be an in vivo analysis of the anti-cancer effica- 
cy of dBET6 combined with standard chemo-
therapeutics using human tumor mouse mod-
els. Overall, forthcoming studies on the clinical 
benefit of improved BET degraders such as 
dBET6 against solid tumors are warranted. 
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