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A B S T R A C T

Transcriptional coactivators p300 and CBP catalyze the acetylation of lysine residues in histone proteins.
Upregulation of p300 and CBP has been associated with lung, colorectal and hepatocellular cancer, indicating an
important role of p300 and CBP in tumorigenesis. Recently, the novel p300 and CBP-selective inhibitor A485
became available, which was shown to inhibit proliferation of 124 different cancer cell lines. Here, we found that
downregulation of EP300 or CREBBP enhances apoptosis upon TRAIL stimulation in non-small-cell lung cancer
(NSCLC) cells. A485 upregulates pro- and anti-apoptotic genes at the mRNA level, implying an apoptosis-
modulating effect in NSCLC cells. However, A485 alone does not induce apoptosis. Interestingly, we observed
that the number of apoptotic cells increases upon combined treatment with A485 and TRAIL. Therefore, A485, as
a TRAIL-sensitizer, was used in combination with TRAIL in wild type of NSCLC cell lines (HCC827 and H1650)
and cells with acquired erlotinib resistance (HCC827-ER and H1650-ER). Our results show that the combination
of A485 and TRAIL synergistically increases cell death and inhibits long-term cell proliferation. Furthermore,
this combination inhibits the growth of 3D spheroids of EGFR-TKI-resistant cells. Taken together, we demon-
strate a successful combination of A485 and TRAIL in EGFR-TKI-sensitive and resistant NSCLC cells.

1. Introduction

Epigenetic regulation of gene transcription by post-translational
modifications of the histones rapidly gained attention in recent years.
Many physiological and pathological functions were described for the
dynamic acetylation of lysine residues in histones after its dis-
covery>50 years ago [1]. Lysine acetylation involves the transfer of
acetyl groups from acetyl coenzyme A (acetyl-CoA) to lysine residues,
which causes neutralization of the positively charged unmodified lysine
residues. Generally, this process weakens the electrostatic interactions
between histones and DNA, which results in unfolding of chromatin and
increasing accessibility of DNA for gene transcription [2]. Later on,
studies have shown that lysine acetylation also plays a role in mod-
ulating non-histone proteins such as transcriptional factors c-Myc
(cellular myelocytomatosis oncogene) and NF-κB (Nuclear Factor
kappa-light-chain-enhancer of activated B cells) [3–5]. The enzymes
catalyzing the addition of acetyl groups to lysine residues are called
lysine acetyltransferases (KATs), which are also referred to as histone

acetyltransferases (HATs). KATs are divided into two main groups
based on their locations in the cells: nuclear enzymes (type A KAT) and
cytoplasmic enzymes (type B KAT). Most enzymes are in nucleus and
they are further divided into different families [6].

We focus on p300/CBP family including p300 and CREB-binding
protein (CBP). They were firstly discovered as coactivators for a number
of transcription factors [7,8]. In addition, the surfaces of p300 and CBP
function as scaffolds for assembling multi-protein complexes involved
in gene transcription [9,10]. Later their ability to catalyze acetylation of
lysine residues was discovered. p300 and CBP are highly homologous
proteins that share around 86% amino acid sequence identity in the
HAT domain [11]. In comparison to other KATs, p300 and CBP have a
relatively broad substrate scope [12].

Studies indicate that dysregulation of p300 and CBP is connected to
pathological conditions including cancer. For instance, the over-
expression of p300 strongly correlates with the aggressiveness of he-
patocellular carcinoma and colorectal cancer [13,14]. In lung adeno-
carcinomas, patients with high expression of CBP are predicted to have
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a poor prognosis [15]. Taken together, these evidences imply a close
relation between upregulation of p300 and CBP and tumorigenesis, thus
indicating potential utility of p300 and CBP as drug targets.

Development of inhibitors of p300 and CBP starts 20 years ago with
the identification of the bisubstrate inhibitor Lys-CoA inhibiting p300
[16]. The p300 and CBP HAT activity can be inhibited by natural
products, such as curcumin isolated from dietary spice, epigalloca-
techin-3-gallate (EGCG) from green tea and garcinol from kokum fruit
[17–19]. In addition, synthetic compounds were identified and one of
the most potent inhibitors is C646. C646 is a competitive p300 inhibitor
with a Ki of 400 nM [20]. However, the off-target effect onto histone
deacetylase (HDAC) or other kinases makes C646 less useful [21,22].
Recently, a novel p300 and CBP-specific molecule A485 was developed
with a very low IC50 to p300 (9.8 nM) and CBP (2.6 nM) compared to
C646 (1600 nM) at the same experimental settings. Additionally, A485
inhibits proliferation in 124 different lineage-specific tumor cells in-
cluding NSCLC cells [20,23].

NSCLC accounts for approximately 85% of lung cancers and EGFR-
tyrosine kinase inhibitors (EGFR-TKIs) are often used to target NSCLC
[24,25]. Studies show a significantly improved response rate and pro-
gression-free survival when treated by EGFR-TKIs in comparison to
chemotherapy [26,27]. However, most patients treated with first gen-
eration of EGFR-TKIs including gefitinib and erlotinib inevitably de-
velop resistance within 9–14 months [28,29]. Therefore, it is necessary
to find novel approaches to treat EGFR-TKI-resistant cells.

Among a variety of strategies in oncology, activation of apoptosis-
inducing pathways using selective ligands is very promising. TRAIL
(TNF-related apoptosis-inducing ligand) is a well-known selective li-
gand to trigger apoptosis via binding to DR4 (death receptor 4) or DR5
(death receptor 5) [30]. Binding of TRAIL to DR4 or DR5 recruits FADD
and pro-caspase-8, which leads to activation of caspase cascade via both
extrinsic and intrinsic pathways resulting in cell death. A network of
proteins, such as pro-apoptotic proteins Bim, Bax, SMAC and anti-
apoptotic proteins c-FLIP, XIAP, tightly regulates TRAIL-mediated
apoptotic pathways [31].

Here we aim to investigate the regulation of apoptosis-related pro-
teins by HAT inhibitor A485 and use a combination of A485 and TRAIL
to induce apoptosis in EGFR-TKI-sensitive and resistant cells. As a first
step, we showed that A485 does not induce apoptosis, neither on EGFR-
TKI-sensitive nor resistant NSCLC cells. Next, we investigated the effect
of A485 on regulation of pro- and anti-apoptotic genes to estimate its
potential to modulate expression of proteins involved in TRAIL-medi-
ated apoptosis. Subsequently, we combined TRAIL with A485 on EGFR-
TKI-sensitive and resistant NSCLC cells and showed that this combi-
nation synergistically improves cell death. In addition, we tested the
long-term inhibition of cell proliferation by treatment with this com-
bination. Furthermore, we showed a noticeable decrease of the volume
of 3D spheroids under constant treatment of A485-TRAIL combination.
Taken together, this study indicates that A485 in combination with
TRAIL is a potent therapy for EGFR-TKI-sensitive and resistant NSCLC
cells.

2. Materials and methods

2.1. Cell lines and culture conditions

H1650 and HCC827 cell lines were kindly provided by Dr. Klaas Kok
(Department of Genetics, University Medical Center Groningen) and Dr.
Martin Pool (Department of Medical Oncology, University Medical
Center Groningen), respectively. Both cell lines were cultured in
RPMI1640 medium supplemented with 10% fetal bovine serum (FBS),
100 units/ml penicillin and 100 μg/ml streptomycin in a humidified
incubator at 37℃ with 5% carbon dioxide. All materials mentioned
above were purchased from Thermo Fisher Scientific (Waltham, USA).
Establishment of EGFR-TKI-resistant cell lines (HCC827-ER and H1650-
ER) was described before [32].

2.2. Reagents

Erlotinib and caspase-8 specific inhibitor Z-IETD-FMK were pur-
chased from Selleckchem (Munich, Germany). A485 was bought from
Tocris (Abingdon, United Kingdom) and dissolved in DMSO (Merck,
Zwijndrecht, the Netherlands). Caspase-9 specific inhibitor Z-LEHD-
FMK was obtained from BD Biosciences (Vianen, the Netherlands).
Caspase-3/7 inhibitor Ac-DEVD-CHO was ordered from Enzo Life
Sciences (Bruxelles, Belgium). Recombinant human TRAIL (amino acids
114–281) was constructed and purified as previously described [33].

2.3. Cell viability assay

Cell viability assays were conducted using MTS assay. Cells were
seeded in triplicate in 96-well plates at the density of 10,000 cells/ml in
100 μl medium. After 24 h, cells were treated with A485 or DMSO
overnight and TRAIL was added the following day. For inhibition of
caspase activities, each caspase inhibitor was used at 20 μM as a final
concentration and added to cells together with A485 (final concentra-
tion is 25 μM). Cells treated with DMSO were used as the negative
control. After overnight incubation by TRAIL, cells were added with
20 μl/well MTS reagent and incubated for 1–2 h according to the
manufacture’s instruction (Promega, Madison, USA). At last, cell via-
bility was determined by measuring the absorbance at 490 nm using a
Synergy H1 plate reader (BioTek, Winooski, USA).

2.4. Apoptotic assay

1–2 × 105 cells were seeded in 6-well plates overnight prior to the
treatment. The next day, cells were treated with A485 at a final con-
centration of 20 μM in 2 ml fresh medium overnight. For testing the
apoptosis-induction by A485 alone, cells were incubated with A485 or
DMSO for 72 h. In the cases of testing the apoptosis-induction by A485
and TRAIL, TRAIL was added the following day and incubated over-
night. After treatment, cells were collected and washed with PBS twice.
At last, cell pellets were suspended in PBS with reagent A and B from a
apoptotic kit (Violet Ratiometric Membrane Asymmetry Probe/Dead
Cell Apoptotic kit, Thermo Fisher Scientific, Waltham, USA) and
fluorescent signals were measured by LSR-II (BD Biosciences, Franklin
Lakes, USA). For EP300 and CREBBP knockdown cells, no A485 was
added and 50 ng/ml TRAIL was added after 72 h transfection.

2.5. RNA isolation and quantitative reverse transcriptase PCR (qRT-PCR)

1–2 × 105 cells were seeded in 6-well plates overnight prior to the
treatment. The following day, cells were treated with A485 at a final
concentration of 20 μM for 24 h. Cells treated with DMSO were used as
the negative control. Then, cells were washed with PBS and harvested
by trypsin. For EP300 and CREBBP knockdown cells, instead of adding
A485, cells were harvested after transfection for 72 h.RNA was isolated
using Maxwell LEV simply RNA Cells/Tissue Kit (Promega, Madison,
USA) and the concentrations of RNA was determined by NanoDrop
(Thermo Fisher Scientific, Waltham, USA). Complementary DNA
(cDNA) was synthesized from 200 ng RNA using Reverse Transcription
Kit (Promega, Madison, USA) according to manufacturer’s instruction.
The 20 ng cDNA and SensiMix SYBR kit (Bioline, Taunton, USA) were
used to perform qRT-PCR in an ABI Prism 7900HT Sequence Detection
System (Thermo Fisher Scientific, Waltham, USA). mRNA level of
GAPDH was measured and used to normalize data. Data was analyzed
by SDS v2.3 software (Applied Biosystems, Foster City, USA). Primers
sets are listed in Table 1.

2.6. EP300 or CBP knockdown using siRNA

Cells were seeded at 105 per well in 6-well plates overnight before
treatment. The next day cells were transfected with predesigned pool of
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small interfering RNA (siRNA) oligonucleotides with Lipofectamine
2000 Reagent (Thermo Fisher Scientific, Waltham, USA) for 72 h.
HCC827 and H1650 cells were treated with siRNAs at the final con-
centrations of 10 nM (EP300) or 5 nM (CREBBP). While HCC827-ER
and H1650-ER cells were treated with siRNAs at the final concentra-
tions of 100 nM (EP300) or 50 nM (CREBBP). siRNA of EP300 was
ordered from Thermo Fisher Scientific (Waltham, USA). siRNA of
CREBBP (M-00347-02-0005) and scramble (D-001210–01-05) was
purchased from Dharmacon (Lafayette, USA).

2.7. Caspase 3/7 activity assay

Cells were seeded in triplicate in 96-well plates with white walls at a
density of 20,000 cells in 150 μl medium overnight before treatment.
Next, cells were pre-treated with A485 or DMSO overnight and fol-
lowed by the treatment of TRAIL overnight. At last, Caspase-3/7 Glo
reagent was added and incubated at room temperature for 2 h ac-
cording to the manufacture’s instruction (Promega, Madison, USA).
Luminescent signals were measured with a Synergy H1 plate reader
(BioTek, Winooski, USA).

2.8. Cell proliferation assay

The 105 cells were seeded in 6-well plates overnight before treat-
ment. The next day, A485 or DMSO were pre-treated overnight and
followed by the treatment of TRAIL for 6 days. Then, cells were washed
with PBS and fixed with 4% paraformaldehyde (Merck, Zwijndrecht,
The Netherlands). Later, fixed cells were stained by 0.5% crystal violet
(Merck, Zwijndrecht, The Netherlands). Crystal violet was extracted by
10% acetic acid (Merck, Zwijndrecht, The Netherlands) and signals
were measured at 590 nM with a Synergy H1 plate reader (BioTek,
Winooski, USA).

2.9. 3D spheroid assay

To construct 3D spheroids, 1000 H1650-ER cells were seeded per
well in ultra-low attachment plates with 96-well (Corning Incorporated,
Kennebunk, USA). Plates were centrifuged at 1000 rpm for 5 min to
initiate the formation of spheroids. After 3 days incubation, spheroids
were generated and ready for following treatment. Spheroids were pre-
treated with A485 or DMSO at Day1 overnight and followed by the
treatment of TRAIL at Day2 for 3 days. Spheroid were treated with fresh
A485 (or DMSO) and TRAIL as described above again and photos were
taken at Day10. This process was repeat 5 times in total. Photos were
taken for every 5 days.

2.10. Western blot

Inhibition of acetylation at position H3K27 induced by A485 was
analyzed by western blot and shown in Fig. 1. Briefly, cells were seeded
in 6-well plates overnight before treatment. The next day, A485 were
treated overnight as a final concentration of 20 μM. Cells treated with
DMSO were used as the negative control. Cells were washed with PBS
and collected. Then cells were lysed by RIPA buffer with additional
Protease Inhibitor Cocktail, EDTA-free (Roche, Basel, Switzerland).
Protein concentrations were determined by a bradford assay (Bio-Rad,
Temse, Belgium). Equal amount of proteins for every sample were
loaded on pre-cast 10% SDS-PAGE gels (Thermofisher Scientific,
Bleiswijk, The Netherlands) and blotted on a nitrocellulose membrane
(Merck, Zwijndrecht, the Netherlands). Subsequently, the membranes
were blocked for 1 h at room temperature in 5% non-fat milk (Merck,
Zwijndrecht, The Netherlands). H3K27Ac antibody (Cell signaling
technology, Leiden, The Netherlands) as primary antibody were in-
cubated with the membranes overnight at 4 °C. After incubating with
secondary antibody for 1 h at room temperature, membranes were
detected using Pierse ECL kit (Thermofisher Scientific, Bleiswijk, The
Netherlands). Anti-β-actin was probed as a loading control.

2.11. Data analysis

Data were presented as mean ± SD from triplicates in one ex-
periments and experiments were repeated three times. P values were
analyzed by two-way ANOVA in Turkey’s multiple comparison with
Graphpad Prism version 7.0 (San Diego, USA). **p ≤ 0.01
***p ≤ 0.001, ****p ≤ 0.0001. Data from apoptosis assays were
analyzed by FlowJo V10 (BD Bioscience, Franklin Lakes, USA). Data

Table 1
List of primers sets used in quantitative RT-PCR.

Name Strand Sequence Product
size(bp)

TNFRSF10A F 5′-CTGAGCAACGCAGACTCGCTGTCCAC-3′ 506
R 5′-TCAAAGGACACGGCAGAGCCTGTGCCA-3′

TNFRSF10B F 5′-GGGAGCCGCTCATGAGGAAGTTGG-3′ 182
R 5′-GGCAAGTCTCTCTCCCAGCGTCTC-3′

CASP3 F 5′-GGTATTGAGACAGACAGTGG-3′ 281
R 5′-CATGGGATCTGTTTCTTTGC-3′

CASP7 F 5′-AAGTGAGGAAGAGTTTATGGCAAA-3′ 52
R 5′-CCATCTTGAAAACAAAGTGCCAAA-3′

CASP8 F 5′-CCTGGGTGCGTCCACTTT-3′ 78
R 5′-CAAGGTTCAAGTGACCAACTCAAG-3′

CASP9 F 5′-TCCTGAGTGGTGCCAAACAAAA-3′ 84
R 5′-AGTGGTTGTCAGGCGAGGAAAG-3′

TP53 F 5′-AAG GAA ATT TGC GTG TGG AGT-3′ 218
R 5′-AAA GCT GTT CCG TCC CAG TA-3′

BBC3 F 5′-ATGGCGGACGACCTCAAC-3′ 104
R 5′-AGTCCCATGAAGAGATTGTACATGAC-3′

BAK1 F 5′-GAACAGGAGGCTGAAGGGGT-3′ 307
R 5′-TCAGGCCATGCTGGTAGACG-3′

BCL2L11 F 5′-GGCCCCTACCTCCCTACA-3′ 78
R 5′-GGGGTTTGTGTTGATTTGTCA-3′

BAX F 5′-GGTTGTCGCCCTTTTCTA-3′ 108
R 5′-CGGAGGAAGTCCAATGTC-3′

BID F 5′-ACTGGTGTTTGGCTTCCTCC-3′ 159
R 5′-ATTCTTCCCAAGCGGGAGTG-3′

APAF1 F 5′-CTGGCAACGGGAGATGACAATGG-3′ 80
R 5′-AGCGGAGCACACAAATGAAGAAGC-3′

CYCS F 5‘-CAACTTTTCACAAAGATGGTGAGTG-3′ 171
R 5′-GAGGCAAATGAACATGAA CACAA-3′

DIABLO F 5′‐GAGGAAGATGAAGTGTGGCAGG‐3′ 51
R 5′‐GCTTACCTCAGCTCTGGCTCC‐3′

MDM2 F 5′-GGGTTCGCACCATTCTCCTG-3′ 59
R 5′-GGCAGATGACTGTAGGCCAAGC-3′

TNFRSF10C F 5′-CCCAAAGACCCTAAAGTTCGTC-3′ 244
R 5′-GCAAGAAGGTTCATTGTTGGA-3′

TNFRSF10D F 5′-ACCCCAAGATCCTTAAGTTCG-3′ 244
R 5′-CAAGAAGGCAAATTGTTGGAA-3′

XIAP F 5′-GACAGTATGCAAGATGAGTCAAGTCA-3′ 93
R 5′-GCAAAGCTTCTCCTCTTGCAG-3′

BIRC2 F 5′-TGAGCATGCAGACACATGC-3′ 250
R 5′-TGACGGATGAACTCCTGTCC-3′

BIRC3 F 5′-CAGAATTGGCAAGAGCTGG-3′ 273
R 5′-CACTTGCAAGCTGCTCAGG-3′

BIRC5 F 5′-GCACCACTTCCAGGGTTTATTC-3′ 76
R 5′-TCTCCTTTCCTAAGACATTGCTAAGG-3′

BCL2L1 F 5′-AACAATGCAGCAGCCGAGAGC-3′ 88
R 5′-GCAGAACCACACCAGCCACAG-3′

BCL2A1 F 5′-CGGCATCATTAACTGGGGAAG-3′ 345
R 5′-TGGTCAACAGTATTGCTTCAGGA-3′

MCL1 F 5′-AAAGAGGCTGGGATGGGTTT-3′ 81
R 5′-CAAAAGCCAGCAGCACATTC-3′

BCL2 F 5′-GATGTGATGCCTCTGCGAAG-3′ 92
R 5′-CATGCTGATGTCTCTGGAATCT-3′

CFLAR F 5′-CCTAGGAATCTGCCTGATAATCGA-3′ 123
R 5′-TGGGATATACCATGCATACTGAGATG-3′

EP300 F 5′-GGCTGTATCAGAGCGTATTGTC-3′ 98
R 5′-CCTCGAAATAAGGCAATTCC-3′

CREBBP F 5′-GTCCAGTTGCCACAAGCAC-3′ 114
R 5′-CATTCGGGAAGGAGAAATGG-3′

GAPDH F 5′-TGCACCACCAACTGCTTAGC-3′ 87
R 5′-GGCATGGACTGTGGTCATGAG-3′

B. Zhang, et al. Biochemical Pharmacology 175 (2020) 113914

3



from 3D spheroids were analyzed by MATLAB version 2017b
(Eindhoven, the Netherlands) following the instruction by Chen et al.
[34].

3. Results

3.1. Silencing EP300 or CREBBP upregulates caspase proteins and enhances
TRAIL-mediated apoptosis

Recent studies show that downregulation of EP300 or CREBBP by
siRNAs in lung cancer cells leads to inhibition of cell proliferation and
migration, implying an important role of p300 and CBP in tumorigen-
esis [15,35]. We therefore silence EP300 or CREBBP by siRNAs to in-
vestigate their effects on NSCLC cell lines H1650 and HCC827 [36,37].
NSCLC cells have been proven to easily acquire resistance to the first
generation of EGFR-TKIs, gefitinib and erlotinib, mainly due to induc-
tion of a secondary mutation in the receptor [38,39]. In order to in-
vestigate apoptosis in EGFR-TKI-resistant cell lines, we established
H1650-ER and HCC827-ER as models of EGFR-TKI-resistant cells. As
previously described, we treated H1650 and HCC827 cells in the pre-
sence of erlotinib over 3 months, thereby selecting for resistant cells
[32]. First, we tested the mRNA level of EP300 and CREBBP using
quantitative RT-PCR and results show a 70–80% decrease of gene ex-
pression. Additionally, the mRNA level of caspase coding genes are
obviously increased compared to scramble control (Fig. 2A). Further-
more, we performed apoptosis assays to investigate the influence of
EP300 and CREBBP downregulation on TRAIL-induced apoptosis. We
observed that TRAIL indeed decreased the number of living cells in
H1650 cell line after silencing EP300 or CREBBP (Fig. 2B, upper panel).
Moreover, increased numbers of apoptotic cells were also shown on
EGFR-TKI-resistant cell line H1650-ER (Fig. 2B, lower panel). Only a
slight increase of apoptotic cells was observed in HCC827 and HCC827-
ER cells (Fig. 2C). Taken together, we proved that downregulation of
EP300 and CREBBP enhances expression of caspase genes including
CASP3, 7, 8 and 9 at the mRNA level. Moreover, downregulation of
EP300 and CREBBP using siRNAs improves TRAIL-mediated apoptosis,
suggesting that p300 and CBP are interesting targets for enhancing
TRAIL sensitivity.

3.2. A485 upregulates the mRNA level of coding genes of pro and anti-
apoptotic proteins

After showing that siRNA-mediated downregulation of EP300 and
CREBBP upregulates coding genes of pro-apoptotic proteins at the
mRNA level, we moved on with a p300 and CBP selective inhibitor
A485 to investigate the alterations of gene expressions. As expected, we
found that caspase genes, such as CASP3, 7, 8 and 9, are upregulated at
the mRNA level analyzed by quantitative RT-PCR. Other pro-apoptotic
genes, such as BAK1 and APAF1 are also upregulated. However, a
number of anti-apoptotic genes, such as XIAP and TNFRSF10D are also
upregulated (Fig. 3A). We then examined the apoptotic effect of A485
and found that A485 does not induce any apoptosis even if the

concentration is up to 20 µM (Fig. 3B). Taken together, we showed that
A485 does not induce apoptosis on wild type or EGFR-TKI-resistant
NSCLC cells. Interestingly, A485 has a pronounced effect on the ex-
pression of both pro- and anti-apoptotic genes thus indicating that ac-
tivation of apoptosis-inducing pathways may provide different re-
sponses in A485 treated cells.

3.3. A485 augments TRAIL-induced apoptosis

The observation that downregulation of EP300 and CREBBP im-
proved TRAIL-mediated apoptosis indicates that A485 may augment
the effect of TRAIL. In line with this observation, combination of A485
and TRAIL provided a significant increase in the total number of
apoptotic cells in H1650 and H1650-ER cells compared to treatment
with TRAIL alone (Fig. 4A, lower panel). Additionally, increased
apoptosis was detected on HCC827 and HCC827-ER cells (Fig. 4A,
upper panel). Studies have shown that caspase-3/7 activity is a pro-
mising biomarker of apoptosis [40]. Therefore, we analyzed the cas-
pase-3/7 activity. The caspase-3/7 is significantly more active with the
treatment of A485 and TRAIL than TRAIL alone (Fig. 4B). Furthermore,
we performed cell viability assays using three selective caspase in-
hibitors, including two initiator caspases (caspase-8 and 9) specific
inhibitors and one executioner caspase (caspase-3/7) specific inhibitor
to investigate whether cell viability increases by inhibiting activity of
caspase. Indeed Fig. 4C shows that cell viability significantly increases
upon the treatment with any of the caspase inhibitor. Interestingly,
caspase-8 inhibitor significantly increases the numbers of living cells
more than other caspase inhibitors in H1650 and H1650-ER cell lines.
This result implies a more important role for caspase-8 upon A485 in-
duction. Taken together, our results show that A485 augments apop-
tosis induced by TRAIL, suggesting that the combination of A485 and
TRAIL could act as a potential anti-tumor therapy.

3.4. A485 in combination with TRAIL synergistically improves cell death

Our data indicate that p300 and CBP are interesting targets for
sensitizing NSCLC cells to TRAIL-induced apoptosis. Targeting these
proteins with A485 upregulates caspase proteins, which suggests that
combination of A485 with TRAIL is a promising strategy to increase
apoptosis in NSCLC cells. We investigated this observation further by
performing MTS assays to examine cell viability upon the treatment
with A485, TRAIL or A485-TRAIL combination. As expected, combi-
nation treatment significantly increased cell death (Fig. 5A and C). The
scientific term CI quantitatively depicts the synergism (CI < 1), ad-
ditive effect (CI = 1) and antagonism (CI > 1) [41,42]. Fig. 5E shows
that A485 synergistically increases TRAIL-induced cell death. More
importantly, A485-TRAIL combination treatment significantly increases
cell death in the EGFR-TKI resistant cell lines, H1650-ER and HCC827-
ER, as evidenced by Fig. 5B and D.

Fig. 1. A485 inhibits acetylation of H3K27. Western blot analysis of acetylated H3K27 in HCC827, HCC827-ER, H1650 and H1650-ER cell lines treated by 20 μM
A485 for overnight. Cells treated with DMSO were used as the negative control. β-Actin serves as a loading control. Two independent experiments are shown.
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3.5. Combination treatment of A485 and TRAIL leads to long-term
inhibition of cell proliferation

We have shown that combined treatment of EGFR-TKI-sensitive and
resistant NSCLC cells with A485 and TRAIL for 48 h significantly de-
creases cell viability. Next, longer-term treatment was investigated in
proliferation assays over 7 days. Fig. 6A shows that the number of living
cells decreased with the increasing concentration of A485. H1650 and
H1650-ER cells showed a decrease in the number of living cells in a
TRAIL concentration-dependent manner, while this is not observed in
HCC827 and HCC827-ER cells. These results are in line with the ob-
servations for 48 h treatment. Moreover, a synergism of combined
treatment with A485 and TRAIL is shown, suggesting a promising anti-
tumor effect (Fig. 6B).

As a next step, a model with EGFR-TKI-resistant cells H1650-ER in
3D spheroids culture was established in order to mimic the physiolo-
gical environment. Fig. 6C shows that the volume of the untreated
spheroids increases with time, while the volume of spheroids treated
with A485 only slightly increase. This result is in line with the previous
data that A485 inhibits cell proliferation. Additionally, apoptosis occurs
in the surroundings of the core upon the treatment with TRAIL and the
structure of the spheroids is disassembled. Moreover, the treatment

with A485-TRAIL combination decreases the volume of spheroids more
and caused more disassembly of the spheroid compared to single
treatment with either A485 or TRAIL. Taken together, our results show
promising effects for combined treatment with A485 and TRAIL in
NSCLC, especially in EGFR-TKI-resistant NSCLC.

4. Discussion

In the present study, we firstly demonstrated that A485 upregulates
gene expression of pro- and anti-apoptotic proteins at the mRNA level
but does not induce apoptosis on NSCLC cell lines. Secondly, we showed
that A485 augments TRAIL-induced apoptosis via activation of the
caspase cascade. Thirdly, combination of A485 and TRAIL synergisti-
cally induces cell death upon short-time treatment in EGFR-TKI-sensi-
tive and resistant cells. Finally, we demonstrated that combined treat-
ment with A485 and TRAIL for long-term also inhibited cell
proliferation and clearly reduced the growth and integrity of spheroids
of EGFR-TKI-resistant cells. This is the first report showing that com-
bined treatment with A485 and TRAIL is a novel promising potential
therapeutic strategy for EGFR-TKI-resistant NSCLC cells.

A connection between HAT inhibitors and inhibition of cell pro-
liferation was already made previously for HAT inhibitor C646 that it

Fig. 2. Apoptosis-mediated by TRAIL is enhanced in EP300 or CREBBP downregulation cells. (A) Cells were transfected with siRNA of EP300, CREBBP or scramble
siRNA for 72 h using Lipofectamine 2000. mRNA was isolated and cDNA was synthesized. Then, quantitative RT-PCR was performed to analyze the mRNA level of
different gene. Gene expression was normalized by GAPDH and compared with scramble control indicated by number 1 in heat map. Gradient blue colors represent
downregulation of genes and gradient red and orange colors represent upregulation of genes. Data shown on heat map are mean from two independent experiments.
H1650 (B), H1650-ER (B), HCC827 (C) and HCC827-ER (C) cells were treated with TRAIL at a final concentration of 50 ng/ml overnight after 72 h transfection.
Apoptotic cells were measured by LSR-II using Violet Ratiometric Membrane Asymmetry Probe/Dead Cell Apoptotic kit. Q1 represents dead or late apoptotic cells.
Q3 represents living cells and Q4 represents early apoptotic cells. Numbers in every phase mean percentage of the cells. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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showed inhibition of cell growth on melanoma and lung cancer cells
[20]. Recently, a novel HAT inhibitor A485 which is under investiga-
tion here, showed effective growth inhibition effects across 124 cancer
cell lines encompassing diverse lineages [23]. Interestingly, a recent
study showed that A485 inhibits cell proliferation without inducing
apoptosis on melanoma cells [43]. In concert with those findings, we
showed that A485 inhibits cell growth on NSCLC cells. Moreover, we
for the first time demonstrated that A485 interferes with the regulation
of both pro- and anti-apoptotic proteins at the mRNA level.

We have tested gene expression in a panel of pro-and anti-apoptotic
genes and we found upregulation and downregulation of various pro-
and anti-apoptotic genes upon treatment with A485. We note that 12
out of 16 pro-apoptotic genes are upregulated, whereas only 3 out of 11
anti-apoptotic genes are upregulated. These results indicates that A485
has potential to induce apoptosis. One of the highest increases of gene
expression upon the treatment with A485 in EGFR-TKI-sensitive and
resistant cells was observed for CASP8. This result is in line with the
alterations of CASP8 in EP300 or CREBBP silenced cells. These results
imply an important role of caspase-8 in cells treated with A485. In

concert with this assumption, we showed that selective caspase-8 in-
hibition increases the number of surviving cells more than other cas-
pase inhibitors after treated with the A485-TRAIL combination.
Moreover, these apoptosis related genes are connected to both the ex-
trinsic and intrinsic apoptotic pathways. For instance, pro-apoptotic
genes TNFRSF10A, TNFRSF10B, CASP8 and anti-apoptotic genes
TNFRSF10C, TNFRSF10D, CFLAR are related to the extrinsic pathway
[44]. The three pro-apoptotic genes are all upregulated, whereas only
one anti-apoptotic gene, TNFRSF10D, is upregulated. Additionally,
downregulated pro-apoptotic genes TP53, BBC3, BCL2L11 and BID are
all involved in the intrinsic pathway. These results suggest that A485 is
more likely to augment apoptosis via the extrinsic-pathway.

Although A485 itself does not trigger apoptosis, we propose that its
ability to interfere with the expression of caspases may augment the
apoptosis-inducing potential of TRAIL. This idea is supported by pre-
vious studies that combine inhibitors of epigenetic enzymes with TRAIL
treatment. For example, a previous study showed that histone-lysine
methyltransferase inhibitor BIX-01294 induced apoptosis by activation
of caspase-8 and caspase-3 on neuroblastoma cells [45]. Combination of

Fig. 3. A485 does not induce apoptosis likely due to upregulation of gene expression of both pro- and anti-apoptosis proteins at the mRNA level. (A) HCC827,
HCC827-ER, H1650 and H1650-ER cells were incubated with 20 μM A485 for 24 h. Cells treated with DMSO were used as the negative control. Cells were collected
and total RNA was isolated from all samples. After synthesizing cDNA, quantitative RT-PCR was performed using a panel of primers. Gene expression at the mRNA
level was normalized by GAPDH and compared to the untreated cells indicated by the number 1 in heat map. Gradient blue colors mean downregulation of the gene
and gradient red and orange colors mean upregulation of the gene. Data shown on the heat map are the mean from two independent experiments. (B) HCC827,
HCC827-ER, H1650 and H1650-ER cells were incubated with 20 μM A485 for 72 h. Cells treated with DMSO were used as negative control. Apoptotic cells were
measured by LSR-II using Violet Ratiometric Membrane Asymmetry Probe/Dead Cell Apoptotic kit. Q1 represents dead or late apoptotic cells. Q3 represents living
cells and Q4 represents early apoptotic cells. Numbers in every phase mean percentage of the cells. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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the DNA methyltransferase decitabine and HDAC inhibitor valproic
acid upregulates the expression of caspase-8 in small cell lung carci-
nomas (SCLCs) cells and improves sensitivity to TRAIL [46]. These
studies indicate that upregulation of caspase proteins by small in-
hibitors enhances TRAIL sensitivity. In our study, we observed upre-
gulation of caspase proteins at the mRNA level and this observation
may play an important role in augmenting sensitivity to TRAIL induced
apoptosis.

The results for EP300 and CREBBP downregulation are consistent
with A485 inhibition. As we expected, caspase coding genes are upre-
gulated after treatment of cells with A485. Additionally, significant
increased apoptosis is observed in H1650 and H1650-ER cells upon
treatment with the A485-TRAIL combination. The increased number of
early apoptotic cells by treatment with the A485-TRAIL combination or

by downregulation of EP300 or CREBBP gene expression proves that
cell death occurs via induction of apoptotic pathways. Later on, we
confirmed that the mechanism run via apoptosis by showing increased
activity of caspase-3/7 after the treatment of the A485-TRAIL combi-
nation and increased cell viability upon treatment with selective cas-
pase inhibitors.

Gefitinib, erlotinib, afatinib and osimertinib have been approved by
U.S. Food and Drug Administration (FDA) and European Medicines
Agency (EMA) as a first-line treatment for lung cancer patients har-
boring EGFR mutations [47]. Recently, a study described that the in-
cidence of the EGFR T790M mutation in erlotinib or gefitinib-treated
patients is higher than in afatinib-treated patients, which indicates the
importance of finding a second-line treatments for erlotinib and gefi-
tinib [48]. TRAIL is considered as a promising anti-tumor therapeutics

Fig. 4. A485 enhances TRAIL-induced apoptosis. Cells treated with DMSO were used as negative control. (A) Cells were pretreated by A485 overnight before adding
TRAIL. After overnight incubation, apoptotic cells were measured by LSR-II using Violet Ratiometric Membrane Asymmetry Probe/Dead Cell Apoptotic kit. (B) Cells
were pre-treated by A485 overnight and followed with the treatment of TRAIL. After overnight incubation, caspase-3/7 activities were measured by Caspase-3/7 Glo
kit. (C) Cells were pretreated with caspase inhibitors and A485 at final concentration of 20 μM and 25 μM respectively overnight. The next day, TRAIL at a final
concentration of 200 ng/ml was added. Cell viability was measured by MTS assay. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 5. Combination treatment of A485 and TRAIL improves cell death on wild type and EGFR-TKI-resistant cells. HCC827 (A), HCC827-ER (B), H1650 (C) and
H1650-ER (D) cells were pretreated with different concentrations of A485 overnight and followed by the treatment of TRAIL. Cells treated with DMSO were used as
negative control. After overnight incubation, cell viability was determined by MTS assay. (E) The effect of combination treatment is evaluated by Fa-CI plot. When
CI = 1, the combination effect is additive; when CI > 1, the combination effect is antagonistic; when CI < 1, the combination effect is synergistic. Values in Fa-CI
plot are calculated by CalcuSync Software based on Chou-Talalay equation. The increase of Fa is corresponding to the increase of concentrations of A485-TRAIL
combination indicated in (A-D).
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for some time, because of its ability to specifically induce apoptosis in
tumor cells. However, TRAIL-resistance is also well known. Combina-
tion therapy is a frequently applied strategy to overcome this problem.
For instance, we used HDAC inhibitor RGFP966 with TRAIL to improve
apoptosis on colon cancer cells in a previous study [49].

Here, we introduce a novel combination treatment of A485 and
TRAIL to enhance apoptosis in EGFR-TKI-resistant NSCLC cells. We
constructed two cell lines with acquired EGFR-TKI-resistance to mimic
the physiological response of patients that acquired resistance to erlo-
tinib treatment. Next, we showed a synergistic effect of combined
A485-TRAIL treatment on inhibition of cell viability for a shorter and
longer treatment times. We provide evidence that reduced viabilities
originates from TRAIL-induced apoptotic pathways. A485 augments
this apoptotic effect by upregulating pro-apoptotic genes especially
caspases. Finally, we established a 3D spheroids model of EGFR-TKI-
resistant cells to test the effect of the A485-TRAIL combination and
proved that this combination largely reduces the volume and integrity
of the spheroids. Taken together, we propose combination of A485 with
TRAIL as a novel treatment to EGFR-TKI- resistant NSCLC cells.
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