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length and waiting for 1s between pulses. After the 
pulse, the cells were transferred to RPMI 1640 medium 
supplemented with 10% fetal bovine serum. Cell viability 
of the electroporated cells was more than 90% after 
counting by trypan blue exclusion assay. For transient 
silencing by duplexes of small interfering RNA into HL-60 
cells, HiPerFect Transfection Reagent was used (Qiagen, 
Hilden, Germany). Target sequences for transient silencing 
were 5ʹ-GCACGUCCUUCAGCAUCAATTUUGAUGCU
GAAGGACGUGCTT-3ʹ for siPADI4#1, 5ʹ-CCGGUGG
AAAGCACAACAUTTAUUCACAGCUCUGGUUGGC
TT-3ʹ for siPADI4#2, 5ʹ-GCCAACCAGAGCUGUGAAA
TTUUGAUGCUGAAGGACGUGCTT-3ʹ for siPADI4#3 
and  5ʹ-GGACAGACGAAGAGUUUAATT-3ʹ (sense), 
5ʹ-UUAAACUCUUCGUCUGUCCTT-3ʹ (anti-sense) for 
SOX4, scrambled control sequences were 5ʹ-UUCUCCG
AACGUGUCACGUUUCUCCGAACGUGUCACGU-3ʹ. 
HEK293 cell was co-transfected with the mixture of the 
indicated luciferase reporter plasmid and pRL-TK-Renilla 
luciferase plasmid using lipofectamine 2000 transfection 
reagent (Invitrogen). 24 h later, luciferase activities were 
measured with a Dual Luciferase Reporter Assay System, 
according to the manufacturerʹs instructions. Data are 
normalized for transfection efficiency by dividing firefly 
luciferase activity with that of Renilla luciferase. 

Chromatin immunoprecipitation quantitative 
PCR (ChIP-qPCR) assay

Chromatin from leukemia cells was fixed 
and immunoprecipitated using the ChIP assay kit 
as recommended by the manufacturer (Upstate 
Biotechnology, NY). The purified chromatin was immu-
noprecipitated using 3 μg of anti-PADI4, anti-DNMT1, 
anti-H3R17Me, anti-H3Cit, or irrelevant antibody 
(IgG). After DNA purification, the presence of the 
selected DNA sequence was assessed by qPCR. The 
primers of different regions for SOX4/SPI1 promoter 
were shown in Supplementary Table 1. PCR products 
were separated and visualized as described above. The 
average size of the sonicated DNA fragments subjected 
to immunoprecipitation was 500 bp as determined 
by ethidium bromide gel electrophoresis. The qPCR 
primers to detect the binding of PADI4, H3cit and 
H3R17Me to the SOX4 promoter were forward 5ʹ-AGC 
AGGCTGTGGCTCTGATT-3ʹ and reverse 5ʹ-CAAAAT 
AGCCACCAGCCTCTTCT-3ʹ, and DNMT1 were forward  
5ʹ-CATTGACACCCATCTAGA-3ʹ and reverse 5ʹ-CTGGG 
CTGGTTCCTTTATAT-3ʹ.

Bisulfite conversion of DNA samples and MSP

Bisulfite conversion was carried out using reagents 
provided in EpiTect Bisulfite Kit (Qiagen 59104). 1 μg 
of DNA was treated with sodium bisulfite following 
the manufacturers’ recommendations. Following 

conversion, the bisulfite-converted DNA was resuspended 
in a total volume of 20 μl. Methylation specific primers 
for PADI4 promoters were designed using MethPrimer 
program. Methylation specific quantitative PCR primers 
were designed using the MethPrimer tool. M primer: 
5ʹ-ATATATGGGTATTTTGATAGGACGT-3ʹ (sense), 5ʹ-T 
AACGTAAACATAAAACGTTTCGTA-3ʹ (anti-sense); U 
primer: 5ʹ-ATATATGGGTATTTTGATAGGATGT-3ʹ (sense), 
5ʹ-TAACATAAACATAAAACATTTCATA-3ʹ (anti-sense). 
Bisulfite converted genomic DNA was PCR amplified using 
methylation specific primers. 

Methylation DNA immunoprecipitation (MeDIP) 
analysis

The MeDIP analysis was carried out using 
MagMeDIP Kit (Diagenode, Denville, NJ). Briefly, 
after sonication to shear, the fragmented DNA was 
immunoprecipitated with anti-methylcytosine antibody 
at 4°C overnight. Then, the pulled-down DNA on 
magnetic beads were washed and digested with 
proteinase K and isolated from beads. The primer set, 
sense 5′-ACTGGTACCAGCATTGAC-3′ and anti-sense 
5′-TAGGAAGCCCCTGGGCTGGT-3′, which covers the 
DNA sequence of the CpGs of human PADI4 was used for 
qPCR assays. For qPCR, the enrichment of MeDIP DNA 
was calculated as described before [40] and the relative 
methylated DNA ratios were then normalized based on the 
control as 100% of methylated DNA.

Flow cytometry (FCM)

Control and HL-60 cells treated with ATRA (1×106 

cells) were washed with PBS containing 1% FCS and 
0.01% sodium azide were incubated for 30 min in FCS at 
4°C. Subsequently, FITC-conjugated anti-human CD11b 
antibody was added to the cells and incubated at 25°C 
for 45 min followed by washing with PBS. The cells 
were then fixed in 1% paraformaldehyde and analyzed 
on FACSVerse (BD Biosciences Pharmingen) Flow 
cytometer. Isotypic rat IgG was also used to check for 
nonspecific binding.

Statistical analysis

All data are presented as means ± S.D. of three 
or four experiments. Analysis was performed using a 
Student’s t test. Values of P < 0.05 were considered 
significant.
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