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ABSTRACT 

c-Myc signaling and its upstream regulators, such as FUBP1-interacting repressor 

and BRG1 pathway, have been shown to be drug targets for various cancers. On the 

other hand, neddylation is the process by which the molecule NEDD8 is attached to 

cellular proteins. Recently proposed post-translational modification that is involved in 

many diseases including cancer. TAS4464 is an effective selective small molecule 

inhibitor of NEDD8 activating enzyme (NAE), this leads to inactivation of cullin-Ring 

E3 ubiquitin ligase (CRLs) and the accumulation of substrate proteins. Here, I 

investigated the antitumor properties and mechanism of action of TAS4464 on cancer 

cell lines. TAS4464 induced cell growth stagnation and cell death in different AML cell 

lines regardless of their genetic background. In AML cells, TAS4464 activates caspase-

9 and caspase-8, which are involved in intrinsic and extrinsic apoptotic pathways. I 

found that TAS4464 induced the activation of pro-apoptotic factor NOXA in apoptotic 

pathway with changes at the mRNA transcriptional level. RNA sequencing analysis 

showed that, the CRL substrate c-Myc signaling pathway was involved in the regulation 

mechanism by TAS4464 treatment. A chromatin immunoprecipitation (ChIP) assay 

showed that TAS4464-induced c-Myc bound to promoter region of PMAIP1(encoding 

NOXA), accompanied by modification changes in both active and inhibitory histone 

markers. Moreover, TAS4464 accumulates c-Myc in MCF7 breast cancer cells, similar 

to AML cell lines. The knock out of c-Myc neutralized the anti-tumor effect by 

TAS4464 partially in MCF7 cells. These findings suggest that NAE inhibition leads to 

anti-cancer activity with a novel c-Myc-dependent apoptosis induction. 

 

 



Introduction 

Neddylation is one of the post-transcriptional modifications of NEDD8 binding to 

substrate proteins [1]. NEDD8 is a ubiquitin-like protein that can change the 

conformation of its target substrate. Neddylation is believed to control many biological 

processes such as cell proliferation, senescence and apoptosis [2-6]. The conjugation of 

NEDD8 to its substrates were catalyzed by NEDD8 activating enzyme E1 (NAE: a 

heterodimer comprising APPBP1 and UBA3 subunits) and NEDD8-conjugating enzyme 

E2 (Ubc12/UBE2M or UBE2F) [7, 8]. The most obvious substrate for ubiquitin 

modification is the cullin family of proteins, which are the core scaffold components of 

cullin-Ring E3 ligase (CRLs) [9, 10]. The CRLs are the largest ubiquitin E3 ligase family 

and is known to be activated by neddylation. Activated CRLs promote ubiquitin binding 

to substrate proteins, which are degraded by the ubiquitin-proteasome system [11]. 

Currently, number of studies had reported that neddylation is associated with tumor 

growth and survival [12-14]. Hence, the inhibition of ubiquitin-like pathway by targeting 

NAE is considered as a novel therapeutic strategy for malignancy. In fact, 

MLN4924/TAK-924 (Pevonedistat), one of NAE inhibitors, has been developed as anti-

tumor agent clinically [15-19]. 

Recently, it is reported that new NAE inhibitor TAS4464, which is the most potent and 

selective NAE inhibitor, showed extensive anti-proliferative activity against various 

cancer cell lines. TAS4464 also showed wide therapeutic effect due to its long-acting 

NAE inhibition in tumors and low off-target effect. Here, I had extensively studied the 

role of TAS4464 in tumor cells and found that TAS4464 activated apoptosis pathways. 

TAS4464 activates caspase activities via enhancing NOXA. This molecule is 



transcriptionally regulated by c-Myc as direct target. The anti-tumor mechanism mediated 

by TAS4464 may explain how NAE inhibition will be applied for the patients as a novel 

therapeutic reagent.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Materials and Methods 

Cell lines and cell cultures 

OCI-AML2, SKM-1 and SHI-1 were obtained from German Collection of 

Microorganisms and Cell Cultures (DMSZ). NOMO-1 was obtained from Health Science 

Research Resources Bank (HSRRB). Kasumi-1, HL-60, KG-1, MV4-11 and THP-1 were 

obtained from American Type Culture Collection (ATCC). KG-1a was obtained from 

European Collection of Authenticated Cell Cultures (ECCAC). All cell lines were 

cultured in the recommended media and serum concentrations, according to the 

instructions accompanying the cell lines. All cell lines were reauthenticated by means of 

short tandem repeat–based DNA profiling. 

Chemical Compounds and antibodies 

TAS4464 was designed and synthetized at Taiho Pharmaceutical Co., Ltd. and 

Cytarabine (Cytosine beta-D-arabinofuranoside hydrochloride) was purchased from 

SIGMA-ALDRICH Co. LLC. Anti-cleaved caspase-3 (#9664), anti-cleaved caspase-8 

(#9496), anti-cleaved caspase-9 (#9501) and anti-Bcl2l10 (#3869) were purchased from 

Cell Signaling Technology, Inc. anti-c-Myc (sc-40) and anti-β-actin (sc-1615) antibodies 

were purchased from Santa Cruz Biotechnology, Inc. anti-NEDD8 (ab81264), anti-

NOXA (ab13654), anti-c-Myc (ab32072) and anti-α-Tubulin (ab4047) were purchased 

from Abcam plc. 

Cell viability assay  



Cancer cells were plated in a 96-well plate and incubated overnight. For cell viability 

assay, TAS4464 was added, followed by incubation for 3 days. Cell viability was 

evaluated using CellTiter-Glo (Promega Corp.). 

Apoptosis analysis 

Cells were treated with TAS4464 for the indicated times. For apoptosis analysis, the 

harvested cells were stained a FITC Annexin V Apoptosis Detection Kit I (BD 

Pharmingen TM) for HL-60 cells or with an Annexin V -633 Apoptosis Detection KitTM 

(nacalai tesqueTM) for MCF7 cells according to the manufacturer’s protocol. In brief, 

1×105 cells were incubated with 5μl of Annexin V and 5μl of propidium iodide (PI) at 

room temperature in the dark. The cells were analyzed immediately by flow cytometry 

[FACSCantoTMII, (BD Biosciences)]. 

Immunoblot analysis 

Cells were lysed in lysis buffer [M-PER Mammalian Protein Extraction Reagent 

(Thermo Fisher Scientific Inc.) supplemented with cOmplete, Mini, Protease Inhibitor 

Cocktail (Roche Applied Science) and PhosSTOP Phosphatase Inhibitor Cocktail (Roche 

Applied Science)]. Proteins were separated by SDS-PAGE and transferred to 

polyvinylidene fluoride membranes (Bio-Rad Laboratories, Inc.). Membranes were 

blocked with Blocking One blocking reagent (Nacalai Tesque, Inc.) and probed with the 

appropriate primary antibodies. The membranes were then incubated with horseradish 

peroxidase–linked secondary antibodies (Cell Signaling Technology, Inc.), and proteins 

were visualized by means of luminol-based enhanced chemiluminescence (Thermo 



Fisher Scientific Inc.). Luminescent images were captured with a LAS-4000 imaging 

system (Fuji Photo Film Co., Ltd.) or Amersham Imager 600 (GE Healthcare 

Generation of knockout cell lines 

The protocol used for the CRISPR/Cas9 system was consistent with that reported by 

Cong et al [20]. The backbone vector pX458 pSpCas9(BB)-2A-GFP was obtained from 

Addgene. The target guide RNA sequences were designed at the MYC (5’-

CTATGACCTCGACTACGACT-3’). These oligos were annealed and phosphorylated 

using T4 DNA Ligase Reaction Buffer and T4 Polynucleotide Kinase (New England 

Biolabs) at 37℃ for 30 min and 95℃ for 5 min. pX458 was digested using BbsI (Thermo 

Fisher Scientific Inc.) at 37℃ for 30 min and purified using a QIAquick Gel Extraction 

Kit (QIAGEN). The ligation reaction of pX458 and the annealed oligos was performed 

at room temperature for 10 min using a Quick Ligation Kit (New England 

Biolabs). Then, the ligated reactants were purified using PlasmidSafe exonuclease 

(Cambio) at 37℃ for 30 min. The plasmids were transformed into Stbl3, and amplified 

plasmids were purified using NucleoBond Xtra Midi (Takara). Each plasmid was 

transfected into MCF7 using Lipofectamine 2000 (Thermo Fisher Scientific Inc.) 

according to the manufacturer’s protocol. The plasmid-expressing MCF7 were selected 

by GFP soating using BD FACS Aria Ⅲ ether to establish the monoclonal cell lines. 

Quantitative reverse-transcribed polymerase chain reaction (RT-PCR) 

PMAIP1 (encoding NOXA) primer (ID: Hs00560402_m1) and 18S rRNA primer (ID: 

Hs99999901_s1) were purchased from Thermo Fisher Scientific Inc. Cells were treated 

with TAS4464 for the times indicated. After the cells were harvested, total RNAs were 

isolated with RNeasy Plus Mini Kit (QIAGEN) and were subsequently reverse-



transcribed into cDNA with SuperScriptTM III RT (Thermo Fisher Scientific Inc.). 

Solutions for qRT-PCR were prepared with TaqMan® Gene Expression Assays (Thermo 

Fisher Scientific Inc.) following the supplier’s protocol. qRT-PCR was performed using 

QuantStudioTM 7 Flex System (Thermo Fisher Scientific Inc.) with default setting of Fast 

mode (stage 1; 95.0 °C for 20 sec, stage 2; 95.0 °C for 1 sec and 60.0 °C for 20 sec with 

40 repeats). 

RNA-sequence analysis and non-target proteomics analysis 

HL-60 cells were either not treated (control) or treated with TAS4464 (0.1 μmol L-1) 

for 24 or 48 hours. Then, RNA was isolated from the cell samples using a phenol-

guanidinium isothiocyanate (P/GTC) reagent according to the manufacturer’s protocol 

[21]. RNA was precipitated from the aqueous phase with isopropanol, and proteins were 

precipitated from the phenol/ethanol phase by the addition of acetone. A total of single-

end-read RNA-seq tags were generated using a HiSeq 2000 sequencer according to the 

standard protocol. The generated sequence tags were mapped onto the human genome 

sequence (hg19 from the University of California Santa Cruz Genome Browser) using 

the Eland program (Illumina). RNA-seq data are available in the National Bioscience 

Database Center database (http://humandbs.biosciencedbc.jp/)(accession no. xxxxxx). 

The protein extract was digested, and the peptides were analyzed by LC-MS/MS (Q 

Exactive Orbitrap HF-X). Differential expression was estimated and analyzed with the 

TCC software package in R/Bioconductor 3.1 for each library with reference to the 

control. The mass spectrometry proteomics data have been deposited in the 

ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org) via the 

jPOST partner repository (http://jpostdb.org) with the dataset identifier PXD021012/ 

JPST000944. 



Chromatin Immunoprecipitation (ChIP) 

HL-60 cells (1×106) were seeded and were fixed 2 days later with 0.5% formaldehyde 

in IMDM for 10 min at 37 °C. The reaction was quenched by the addition of 700 μl of 

2.5M glycine, and the cells were washed with PBS. Pelleted nuclei were dissolved in lysis 

buffer [50 mM Tris-HCl (pH 8.0), 1% SDS and 10 mM EDTA] and sonicated in a UD-

201ultrasonic disruptor (Tomy) with 50 cycles of sonication for 5 sec followed by rest 

for 5 sec at the power specified in programmed memory setting 4. Ten micrograms of an 

anti-c-Myc antibody mixture [a mixture of anti-c-Myc (SC-40) and anti-c-Myc 

(ab32072)] was separately prebound to Dynabeads Protein A/G (Invitrogen) and then 

added individually to the diluted chromatin complexes in parallel aliquots.  The samples 

were incubated overnight at 4 °C, washed, and eluted for 6 hours at 65°C in ChIP elution 

buffer [40m M Tris-HCl (pH 6.5), 0.1M NaHCO3, 1% SDS, 0.2 M NaCl, 10 mM EDTA 

and 10 μg μl-1 proteinase K]. Precipitated chromatin fragments were cleaned using a PCR 

purification kit (Qiagen). The samples were analyzed by qPCR at the region sites in the 

PMAIP1 and CFLAR promoters. The primer sequences used are listed in Supplemental 

Table 1. 

Statistical analysis  

Statistical significance of the differences in numerical data was assessed with a 

Student’s t-test and ANOVA with Tukey’s test or Dunnett's test (Xenograft model). All 

tests were two-tailed and a P-value below 0.05 was considered significant. All data 

analyses were performed using Microsoft Excel version 14.6.2 (Microsoft Corporation, 

Redmond, Washington), GraphPad Prism version 8.4.3 and R software (www.r-

project.org/). 



Results 

TAS4464 induces apoptosis in AML cell lines regardless of their genetic background 

Antiproliferative activity of TAS4464 in 10 AML cell lines was evaluated. Although 

each AML cell line tested harbors various types of genetic abnormalities translocations, 

TAS4464 treatments resulted in decrease in cell viability in all evaluated AML cell lines 

with GI50 values of 0.0003 to 1 μmol L-1 (Figure 1A). Suggesting that TAS4464 induced 

apoptosis in AML cell lines independent of their genetic background. Then, we confirmed 

by Annexin V staining that the apoptotic cell death was induced by TAS4464 treatment 

in HL-60 cells (Figure 1B). 

There are two well-characterized apoptosis cascades such as the intrinsic and the 

extrinsic apoptotic pathways, and several caspases play critical roles as initiator or 

effector caspases in each apoptotic pathway. To assess the involvement of these apoptotic 

pathways in TAS4464-induced cell death, activities of caspases were evaluated upon 

treatment with TAS4464 in AML cells. TAS4464 treatment resulted in activation of 

caspase-8 and caspase-9 among initiator caspases, and all known effector caspases such 

as caspase-3 (Figure 1C).  

TAS4464 increases PMAIP1 mRNA transcriptional level 

To examine which apoptotic factors upstream caspase-8 and caspase-9 are involved in 

TAS4464-mediated apoptosis, changes in the Bcl-2 family proteins and the death receptor 

signal-related proteins were evaluated upon treatment with TAS4464. Inhibition of 

neddylation pathway by TAS4464 was observed as decrease in the amount of NEDD8-

conjugated form of Ubc12 and cullin1 (Figure 2A).  



Subsequently NOXA was specifically upregulated among Bcl-2 family proteins time-

dependently in HL-60 and THP-1 cells (Figure 2B). To further pursue the mechanisms 

leading to upregulation of NOXA, we confirmed that PMAIP1 mRNA (gene name of 

NOXA) was upregulated time-dependently up to 24 hours upon treatment with TAS4464 

(Figure 2C). These data suggest that NOXA is regulated at both of protein and 

transcriptional level by TAS4464 treatment. 

TAS4464 treatment activates c-Myc pathway by escaping protein degradation 

RNA sequencing analysis revealed the gene expression of HL-60 cells treated with 

DMSO or TAS4464. The whole expression pattern changed after treatment, and the 

longer exposure time led to more significant difference (Figure 3A). To assess the 

continuous effect of TAS4464, we focused the genes which were sustainably affected up 

to 48h. As a result, we identified 1106 upregulated genes and 3623 downregulated genes 

by comparison between two groups at two time points (24h and 48h) (Figure 3B and 3C). 

Pathway analysis based on commonly affected genes revealed that cancer-related 

pathways such as DNA damage response and breast cancer signaling were highly 

involved in TAS4464 treatment. (Figure 3D). We then predicted the upstream regulators 

for altered genes using Upstream Regulator Analysis tool and found the candidates 

including MYC and TP53 (Figure 3D). Among them, c-Myc signaling was considered to 

be the most relevant pathway in apoptosis induction on AML because c-Myc is one of 

the transcription factors regulated by CRLs, and it has been reported that MYC has roles 

for positive regulation of PMAIP1. It is also one of the reasons for focusing c-Myc 

signaling that HL-60 is p53-null cell line, and furthermore, there have been no report on 



the association between apoptotic induction and HNF4a in AML. Therefore, we 

investigated the correlation between c-Myc and NOXA in AML cells.                      

In fact, the differentially expressed genes contained many MYC-related genes in the 

gene clusters affected by TAS4464 , (Figure 3E). In addition, qRT-PCR was used to 

verify the actual gene expression level of the upregulated cluster treated with TAS4464. 

(Figure 3F) 

TAS4464-induced c-Myc directly regulates PMAIP1 gene expression by binding to 

its gene promoter 

Because c-Myc functions as a transcriptional factor, I focused on c-Myc protein level 

through the time course up to 24h after TAS4464 induction. As a result, the c-Myc protein 

level made a peak at 4 to 8 hours after treatment (Figure 4A and Figure 4B). Proteomics 

analysis in HL-60 cells showed the differentially expressed MYC target molecules each 

time point with TAS4464 treatment (Figure 4C). MYC-dependent molecules were  

differentially expressed in the affected by TAS4464. 

MYC-dependent PMAIP1 expression could be sometimes regulated by MYC 

recruitment at non-consensus sequence sites [22, 23]. Therefore, ChIP-qPCR assay was 

performed upon treatment with TAS4464 (0.1 μmol L-1) for 4 hours in HL-60 cell. Primer 

pairs were designed for targeting the consensus c-Myc binding sequence within the 

promoter regions of PMAIP1 (Figure 4D). I found that c-Myc proteins were enriched 

approximately 200 bp upstream of the transcription start site (TSS) in HL-60 cells. c-Myc 

binding at this location was observed even in steady state, but it was significantly 

increased by TAS4464 induction (Figure 4D). Taken together, I conclude that TAS4464 

treatment enhance PMAIP1 transcription by recruiting c-Myc direct binding.  



Contribution of c-Myc to TAS4464-induced MCF7 cell death. 

TAS4464 has previously been reported to inhibit cell growth in a variety of 

malignancies [24], but its effectiveness varies by cell type. Therefore, I investigated the 

mechanism of action of the above mechanisms on the occurrence and development of 

solid tumors. c-Myc accumulation resulted from TAS4464 treatment in MCF7 (breast 

cancer) cells, similar to AML cell lines (Figure 5A), and c-Myc knockout (c-Myc KO) 

decreased TAS4464-mediated molecular responses, such as NOXA induction and 

Caspase cleavage (Figure 5B). Consistently, c-Myc KO inhibited the cell death, even 

though the basal survival rate was higher in control cells (Figure 5C). This suggests that 

the molecular effects of TAS4464 may vary depending on cell type or culture conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Discussion 

Protein neddylation is a recently proposed post-translational modification that is 

involved in many diseases including cancer [25]. Inhibition of neddylation pathway has 

been expected to inhibit tumor growth in patients. In this study, I demonstrated the 

molecular mechanism of novel NAE inhibitor, TAS4464, for human AML regression. 

Among hypothesized mechanisms of NAE inhibition for AML, I found that TAS4464 

increased in NOXA in several AML cell lines. Synergistically, these molecules could 

inhibit the tumor growth through apoptotic pathways [26, 27]. In fact, comprehensive 

analysis showed that the MYC pathway was highly correlated with the molecules affected 

by TAS4464 treatment. c-Myc is widely accepted to be a protooncogene since its 

activation has been observed more than 70% of total cancers and played roles to initiate 

oncogenic process and cell proliferation. The transcriptional activity of c-Myc is mainly 

regulated by the dimerization with Max, and the dysregulation of the dimerization has 

been proposed the therapeutic target for cancers [28]. On the other hand, overexpression 

of c-Myc leads to apoptotic response independent of Max recruitment. For instance, c-

Myc is responsible for cell death in Burkitt’s lymphoma cells deprived of autocrine 

factors. Epithelial cells have also been shown to be susceptible to apoptosis by c-Myc. In 

addition, c-Myc is required to respond effectively to a variety of apoptotic stimuli 

including transcription and translation inhibitors, hypoxia, heat shock, DNA damage and 

cancer chemotherapy [29]. The cells with high expression of c-Myc activate p53 and 

change the metabolic status [30]. In addition, recent studies have shown that NAE 

inhibition induces c-Myc accumulation followed by NOXA induction [31]. In this study, 

I found that c-Myc regulated NOXA at its transcription level. These pathways induce 



apoptosis in AML cell line, thus their transactivation by c-Myc may provide beneficial 

effect for cancer therapy.  

However, the antitumor effect of TAS4464 through apoptosis may not be fully 

explained by c-Myc regulation alone. First, cultured tumor cells exhibited c-Myc 

activation, but the time range was limited in the initial few hours. Second, c-Myc 

inhibition could not completely reverse the expression of NOXA to the basic levels, while 

TAS4464 still remains the anti-tumor activity under c-Myc inhibition (data not shown). 

Third, c-Myc bound to the promoter regions of PMAIP1 in response to TAS4464. 

However, c-Myc regulated the target genes partially for certain, therefore uncovered 

mechanism such as p53 pathway or HNF4A pathway could function in an 

accommodating way based on my result. Further research is needed to clarify their 

combination.  

In conclusion, I presented the activation of apoptotic pathway by TAS4464 in AML 

cells. This regulation is mediated by NOXA and leads to the activation of caspase activity. 

TAS4464 is now been evaluating under Phase I clinical trial in patients with tumors. This 

study provides important evidence for TAS4464 as an anti-tumor agent. 
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Figure legends  

Figure 1. TAS4464 induces apoptosis in AML cell lines.  

(a) AML cell lines were seeded on 96-well plates and treated the next day with variable 

concentrations of TAS4464. After 3 days, viable cells were determined by measurement of 

cellular ATP contents. (b) Apoptotic cell death was evaluated by flow cytometric analysis. 

HL-60 cells were treated with TAS4464 (0.1 μmol L-1) for 24 hours. (c) THP-1 and HL-60 

cells were treated with TAS4464 (0.1 μmol L-1) for 1, 4, 8, 16 and 24 hours and the proteins 

were extracted. Active form of each caspase was detected by immunoblot with the indicated 

antibodies. 

Figure 2. TAS4464 increases NOXA with changes at the mRNA transcriptional level 

(a) THP-1 and HL-60 cells were treated with TAS4464 (0.1 μmol L-1) for 1, 4, 8, 16 and 24 

hours and the proteins were extracted. Immunoblot for Bcl-2 family proteins involved in intrinsic 

apoptotic pathway and death receptor signal-related proteins involved in extrinsic apoptotic 

pathway were performed with the indicated antibodies. (b) qRT-PCR of PMAIP1 mRNA were 

performed in TAS4464 (0.1 μmol L-1) -treated cells relative to control sample. 18S rRNA 

expression was used to normalize PMAIP1 mRNA expression. Data are presented as mean ± 

SD values of data from three independent experiments. * P < 0.05, **P < 0.01, ***P < 

0.001, ****P < 0.0001. 

Figure 3. RNA-seq results for TAS4464-treated HL-60 cells.  

(a) Principal component analysis showing the clusters of HL-60 cells depending on the 

duration of TAS4464 treatment. DMSO (control) was used for the untreated condition. 

(b) RNA-seq data for each population. Differentially expressed mRNAs are listed using 

hierarchical clustering. The top 30 upregulated genes in TAS4464-treated HL-60 cells were 

listed. (c) 1106 upregulated genes and 3623 downregulated genes by comparison between 



two groups at two time points (24h and 48h). (d) Upstream regulators were predicted 

using Ingenuity Pathway Analysis based on the difference in gene expression between 

untreated cells and cells treated with TAS4464(0.1 μmol L-1)-treated HL-60 cells for 24 

hours. (e) Volcano plot data plotted the gene expression changed between untreated and 

TAS4464 (0.1 μmol L-1)-treated HL-60 cells for 24 hours. Difference of TAS4464-

treated cells in m-value was compared to untreated cells. Among MYC-related genes, 

some larger of mvalue and -log10 (pvalue) genes were labeled. (f) qRT-PCR was 

performed to compare the mRNA levels of CDKN1A, TNF and E2F1 in cells treated with 

TAS4464 (0.1 μmol L-1) and control cells. 18S rRNA expression was used for 

normalization and data are presented as the mean ± SD values of data from three 

independent experiments. * P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. 

Figure 4. TAS4464 increases the protein stability of c-Myc. 

(a) Immunoblotting for c-Myc in HL-60 cells treated with TAS4464 (0.1 μmol L-1). 

Samples were harvested at 1, 4, 8, 16 and 24 hours after treatment. (b) Changes in c-Myc 

protein expression levels identified in proteomic analysis during treatment with TAS4464 

(0.1 μmol L-1) for up to 24 hours. Data are presented as the mean ± SD values of data 

from three independent experiments. (c) Proteomics analysis data for each population. 

Differentially expressed mRNAs are listed using hierarchical clustering. Representative 

c-Myc target genes are shown in the list. (d) Schematic representation of the PMAIP1 

promoter region. Primer sets are indicated as BS1 to BS5 in PMAIP1 ChIP assays in PMAIP1 

promoter region were performed with anti-c-Myc antibody, in HL-60 cells after treatment with 

DMSO or TAS4464 (0.1 μmol L-1) for 4 hours.  

Figure 5. c-Myc knockout by CRISPR-Cas9 genome editing in MCF7 cells.  



(a) c-Myc was knocked out by the CRISPR-Cas9 system in MCF7 cells. (b) 

Immunoblotting for c-Myc, NOXA, Cleaved caspase-8 and Cleaved caspase-9 was 

performed in unedited or c-Myc KO MCF7 cells treated with or without TAS4464 (0.1 

μmol L-1) for 36 hours. (c) MCF7 cells were treated with TAS4464 (0.1 μmol L-1) for 36 

hours. Apoptotic cells analyzed immediately by flow cytometry. 
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Supplementary Table 1 ChIP primer sequences  

The listed primers were used for ChIP-qPCR to detect c-Myc binding.  

 

Supplemental Table 1 

Gene name Sequence 
PMAIP1_BS1_Forward CTTCGACCACACTTCAAACCT 
PMAIP1_BS1_Reverse GCATCTCTTGGAAAACCAGAA 
PMAIP1_BS2_Forward TTCGGCGAAAACACACATT 
PMAIP1_BS2_Reverse GAAAATTGCCCAAGTTCACTT 
PMAIP1_BS3_Forward CTCGCCAAACATTATGCAAA 
PMAIP1_BS3_Reverse CGAGTGGATCGTTATCATATGG 
PMAIP1_BS4_Forward GACGACGTCCAGCGTTTG 
PMAIP1_BS4_Reverse GCCCCGAAATTACTTCCTTAC 
PMAIP1_BS5_Forward CACCGTGTGTAGTTGGCATC 
PMAIP1_BS5_Reverse AACCTCAGCCTCCAACTGG 
PMAIP1_3'UTR_Forward AGGCAGCTATTTTACCATCTGG 
PMAIP1_3'UTR_Reverse GTTTACTGCCACAGTATCAACTTTT 
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