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Introduction

Post-translational modification of histones are 
reversible and inheritable changes that affect gene 
expression in a sequence-independent manner (Feinberg,  
2004). Histone methylation is one of the best characterized 
histone post-translational modifications and is reversely 
carried-out by histone methyltransferases (HMT) 
and histone demethylases (HDM) with high substrate 
specificity (Lennartsson and Ekwall, 2009). For 
instance, trimethylation of histone H3 on Lysine 27 
(H3K27me3) is carried-out by the HMT Enhancer of zeste 
homolog 2 (EZH2) and reversed by the HDMs jumonji 
domain containing 3 (JMJD3) and ubiquitously transcribed 
tetratricopeptide repeat gene on the X chromosome 
(UTX). Similarly, trimethylation of histone H3 on 
Lysine 9 (H3K9me3) is carried-out by the (suppressor 
of variegation 3-9 homolog 1) SUV39H1 amongst other 
HMTs and reversed by the JMJD2 family of HDMs. 
Histone methylation has multiple physiological functions, 
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including gene transcription regulation, maintenance of 
genome integrity and epigenetic phenomena, which are 
dependent on the residue and the degree of methylation 
(Jenuwein and Allis, 2001; Kouzarides, 2007; Lennartsson 
and Ekwall, 2009; Mellor, 2005). Tri-methylation of H3 
lysine 4 (H3K4me3) and H3 lysine 36 (H3K36me3) 
are associated with transcription activation; conversely, 
H3K27me3 H3K9me2/3 are particularly associated with 
transcription suppression. H3K9me2/3 also acts as a 
marker of heterochromatin. It serves as a binding site for 
heterochromatin protein 1 (HP1) and mediates chromatin 
condensation and heterochromatin formation, leading 
to transcription suppression. De-regulated H3K27me3 
levels have been reported in pancreatic, ovarian cancer, 
breast cancer (Gao et al., 2014) and PCa (Kim and 
Roberts, 2016). Imbalanced histone methylation results 
from mutation or abnormal expression of HMTs and 
HDMs (Bhaumik et al., 2007; Waldmann and Schneider, 
2013) including  EZH2, JMJD3 and UTX (Hubner and 
Spector, 2010). These findings suggest abnormal histone 
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methylation may be a potential target for tumor therapy.         
Triptolide is an active diterpene triepoxide extracted 

from the medicinal herb Tripterygium wilfordii Hook F 
(Kupchan et al., 1972) and has shown potent anti-tumor 
effect against several kinds of cancer including PCa 
(Huang et al., 2012; Titov et al., 2011). To date, the 
molecular mechanisms underlying the anti-tumor 
activities of Triptolide include (a) inhibition of NF-κB 
pathway in anaplastic thyroid carcinoma (ATC) cells 
(Zhu et al., 2009); (b) inhibition of Heat shock protein 70 
(HSP70) in Pancreatic cancer cells (Phillips et al., 2007); 
(c) global suppression of transcription through inhibition 
of the transcription factor TFIIH ATPase activity in human 
cervical cancer hela cell lines (Titov et al., 2011) and 
proteasome-mediated degradation of  RPB1, the catalytic 
subunit of RNA polymerase II (Pol II) in human non–small 
cell lung cancer A549, leukemia KG1, colon cancer DLD1 
(Vispe et al., 2009), human cervical cancer hela (Wang et 
al., 2011) human ovarian cancer SK-OV-3 and prostate 
cancer PC-3 cell lines (Manzo et al., 2012). These findings 
suggest that Triptolide perform its anti-tumor effect in 
multiple ways. In this paper we report a novel anti-tumor 
mechanism by which Triptolide induces H3K9me3 and 
H3K27me3 and promotes heterochromatin formation, 
leading to suppression of gene transcription and induction 
of a senescence-like phenotype in PCa cells. 

Materials and Methods

Cell culture 
PC-3 and LNCaP cells were purchased from the 

Institute of Basic Medical Sciences, Chinese Academy 
of Medical Sciences. Cells were cultured in RPMI1640 
(GIBCO) supplemented with 10% fetal bovine serum 
(Thermo scientific) and 100 units/ml penicillin and 
streptomycin, and maintained in an incubator at 37 oC 
with 5% CO2. 

Cell transfection
PC-3 cells were plated in 96-well plates (3×103 

cells/well for cell viability assay), 6-well plates (2×106 
cells/well for PCR, WB, Senescence) or 10 cm petri 
dishes (12×106 cells/dish for CHIP) until attached. 2 µg 
PCMV-HA-JMJD3 Plasmid (Addgene plasmid # 24167) 
or 50 pmol siRNAs for SUV39H1 and HP1α (GenePharma 
Co) (Table 1) were transiently transfected into cells using 
Lipofectamine 2000 reagent (Life technologies) according 
to the manufacturer’s instructions. 48 h after transfection, 
cells were treated with various concentrations of Triptolide 
(π-π technologies) for another 24 h, then collected for 
downstream experiments.

Senescence Associated β-Galactosidase Staining
PC3 cells were seeded directly on coverslips in 6 wells 

plates at a density of 1 × 105cells/well and allowed to grow 
until 70-80% confluence. Cells were then treated with 100 
nM Triptolide or DMSO for 24h and SA-β-Galactosidase 
activity was using the SA-β-Galactosidase staining kit 
(Beyotime) according to the manufacturer instructions. 
Senescent cells stain in blue. Image was recovered 
using a CKX41 inverted microscope fitted with a DP22 

microscope digital camera (Olympus).

Quantitative real-time PCR

PC-3 cells were grown in 6-well plates overnight and 
treated with various doses of Triptolide for 24 h. Total RNA 
was isolated using Trizol Reagent (Life Technologies) 
according to the manufacturer’s instructions. 500 ng 
total mRNA was reverse transcribed to cDNA using 
PrimeScript™ RT Master Mix (Perfect Real Time, Takara 
RR036A). Real-time PCR were performed on the Bio-Rad 
CFX 96 Real-time PCR system using SYBR® Premix 
Ex TaqTM II (Tli RnaseH Plus, TaKaRa DRR820) and 
specific primers (Table 1). Each analysis was performed in 
triplicate. The mRNA level of each gene was normalized 
to β-actin with the ΔΔCT method using Bio-Rad CFX 
Manager V1.1.308.1111 software. The relative mRNA 
level for each gene was calculated by dividing its 
normalized expression in treated samples by that in the 
untreated control sample.

Western blotting 
PC-3 and LNCaP cells were treated with various doses 

of Triptolide for 24 h. Cells were collected and lysed with 
RIPA lysis buffer (Beyotime, P0013B), supplemented with 
0.5 mM phenylmethylsulfonyl fluoride and 1 × Roche 
protease inhibitor cocktail (4693116001). The protein 
concentration was determined using the BCA Protein 
Assay Kit (CWBIO, CW0014). Cell lysates containing 
equal amounts of protein were separated on SDS-PAGE 
gels, electro-transferred onto NC membranes and incubated 
with appropriate primary and secondary antibodies. 
Protein blots were developed using SuperSignal West Pico 
Chemiluminescent Substrate (Thermo Scientific 34080) 
and visualized with a ChemiDoc XRS+ imaging system 
(Bio-Rad, USA). β-actin or α-Tubulin antibody (AT819-1)  
was used as a loading control. HA tags antibody (CW0260) 
from CWBIO. Antibodies for EZH2 (#4905), H3 (#4499), 
JMJD3 (#3457), H3K27m3 (#9756), HRP-conjugated 
goat anti-mouse IgG (#7076) and anti-rabbit IgG (#7074) 
were from Cell Signaling Technology. Antibody for 
H3K9m3 (ab71999) was from abcam. Antibodies for 
Ki67 (sc15402), Rb1a (sc-73598) and β-actin (C4) were 
from Santa Cruz. Antibodies for SUV39H1 (10574-1-AP), 
HP1a (11831-1-AP), P16-INK4A (10883-1-AP), Cyclin 
A2 (18202-1-AP) were purchased from Proteintech.

Apoptosis and cell cycle analysis
PC-3 cells were cultured in 6-well plate and treated 

with Triptolide or DMSO for 24 h. For apoptosis analysis, 
cells were co-labeled with Annexin V (AV) and propidium 
iodide (PI) using the Annexin V-FITC Apoptosis Assay 
Kit (Beyotime , C1063), according to the manufacturer’s 
instructions. For cell cycle analysis, cells were fixed 
with cold 70% ethanol and stained with PI using the 
DNA content Quantitation kit (KeyGEN, KGA512) 
following the manufacturer’s protocol. The stained cells 
were analyzed using a Cyflow® Cube flow cytometer 
(PARTEC, Germany). Data were analyzed using FlowJO 
7.6.5 software.
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per well and the plate was incubated for 1 h at 37°C. The 
absorbance of each well was measured on an M200pro 
Multimode Plate Reader (Tecan) at 450 nm and 630 
nm. Each treatment was performed in triplicate and 
experiments were repeated 3 times.

Statistical analysis
SigmaPlot - scientific data analysis and graphing 

software version 9 was used for data analysis and results 
were expressed as the mean ± SD. Student’s t-test was 
applied to evaluate the differences between groups. For 
all the tests, the level of significance was set at P < 0.05.  

Results 

Triptolide enhances H3K27me3 level by down-regulating 
the histone demethylases JMJD3 and UTX

In order to investigate the effect of Triptolide on histone 
methylation in PCa cells, PC-3 cells were treated with 
different doses of Triptolide and total protein was analyzed 
by western blotting. We found that Triptolide treatment 
decreased EZH2 protein level but unexpectedly, increased 
the levels of H3K27me3 and histone H3 in PC-3 cells in a 
dose-dependent manner (Figure 1A). We also found that 
Triptolide significantly reduces UTX and JMJD3 mRNA ( 
Figure 1B) in a dose-dependent manner and protein levels 
in a dose- and time-dependent manners in LNCaP and 
PC-3 cells (Figure 1C and 1D). We next transfected PC-3 
cells with an HA-tagged JMJD3 expression plasmid for 
48 h, then treated with 100 nM Triptolide for another 24 h 

Immunofluorescence (IF)
PC-3 cells were grown on sterilized glass coverslips 

overnight and treated with 100 nM Triptolide or DMSO 
for 24 h. Cells on coverslips were fixed with 4% 
paraformaldehyde solution, blocked with 1% BSA in PBS, 
incubated with appropriate primary antibody overnight 
and Alexa Flour 555-conjugated goat anti-rabbit secondary 
antibody (IgG) for 1 h, then stained with 4’,6-diamidino-2-
phenylindole (DAPI) (Beyotime , C1005), and transferred 
onto a slide. Images were captured using a BX51+DP70 
fluorescence microscope (Olympus, Japan).

Chromatin Immunoprecipitation (ChIP) 
ChIP was performed using a ChIP Assay Kit (Beyotime 

P2078), according to the manufacturer’s instruction. In 
brief, PC-3 cells were transfected with SUV39H1 or 
non-specific control shRNAs for 48 h, then treated 
with Triptolide for another 24 h. Immunoprecipitation 
was performed as per the manufacturer’s instruction. 
Immunoprecipitated DNA was further analyzed by 
real-time PCR using a SYBR® PrimeScript™ RT-PCR 
Kit II (TaKaRa) and specific primers (Table 1). Each 
analysis was performed in triplicate. 

Cell viability assay 
PC-3 cells were plated in 96-well plates at a density 

of 3×103 per well until attached. Cells were transfected 
as described above, then treated with 100nM Triptolide 
or DMSO (negative control) for 24h. 10 μl cell counting 
kit-8 (CCK-8) solution (Beyotime, C0038), was added 

Genes Forward  5’- 3’ Reverse 5’- 3’
Primers for real-time PCR 
     ß-actin AATGTCGCGGAGGACTTTGAT AGGATGGCAAGGGACTTCCTG
     RB1 TCACCTTGAATCTGCTTGTCC TGGAGATCTTACAGGAGAAAGATACA
     CCNA2 TGAAGAGGCAACCAGACATCAC AGCCAAATGCAGGGTCTCAT
     CDKN2A CATAGATGCCGCGGAAGGT TCTCCAACTCAGGCTACCAG
     CDK2 GCGAATTCCCCAGCCCTAATCTCA GCCTCGAGAACCCTCTTCAGCAATAA
     JMJD3 GGAGGCCACACGCTGCTAC GCCAGTATGAAAGTTCCAGAGCTG
     UTX TTTGTCAATTAGGTCACTTCAACCTC AAAAAGGCAGCATTCTTCCAGTAGTC
     SUV39H1 GCAGCATACTCAATGAGCAGA GTGGGATCCCCGTTGGAAAT
     HP1a ACTGGGGCGATCCGGTAGGT AGGCCACCAGGTCC CTTGGA
     BCL2 ACCGGGAGATGTCGCCCCTGG TCCCACCAGGGCCAA ACTGAGC
     Cyclin E1 ACTTGGCTCTGCCTACGGGGG CACACTGGTCCCTCGCCGTCC
     NFKB1 CGGACTCGCCACCCGGCTTC  TGGGCCATCTGCTGTTGGCAGT
Primers for ChIP               
     GAPDH TACTAGCGGTTTTACGGGCG TCGAACAGGAGGAGCAGAGAGCGA
     Cyclin E1 TTTTGCCGCTCCAGCGCCGCTCG GCAGGGACGGGGAATCAGGGGCGG
     BCL2 CGGCCTCTGTTTGATTTCTCCTGGC   TGTGGCCCAGATAGGCACCCAG    
     SENP1 GCCAGAGTGCAAATGGCCAATGGAG TGGGGCTCAAAAGACTTCGACGACA    
     NFKB1 CCTCCGTGCTGCCTGCGT CGAGAGAGCATACAGACAGACGGACAC
Small interfering RNAs   
     Non-specific control           UUCUCCGAACGUGUCACGUTT 
     SUV39H1  ACCUCUUUGACCUGGACUATT
     HP1α GGCUUUUCUGAGGAGCACATT

Table 1. Sequences of Primers and Small Interfering RNAs Used in This Study



Ousman Tamgue and Ming Lei

Asian Pacific Journal of Cancer Prevention, Vol 182522

and analyzed the level of H3K27me3. Ectopic expression 
of JMJD3 partially attenuates the Triptolide-induced 
enhancement of H3K27me3 (Figure 1E), suggesting that 
Triptolide induces H3K27me3 accumulation through 
down-regulation of JMJD3 and UTX.  

Triptolide induces heterochromatin formation in PCa cells
We next examined the effect of Triptolide on 

H3k9me3, another histone repressive mark. LNCaP 
and PC-3 cells were treated with various concentrations 
of Triptolide for 24 h and total RNA and protein 
were analyzed by real-time PCR and western blotting 
respectively. Triptolide significantly increased the protein 
level of SUV39H1 and associated H3K9me3 in LNCaP 
and PC-3 cells in both dose- and time-dependent manners 
(Figure 2A and 2B).Triptolide also increases SUV39H1 
mRNA level in PC-3 cells (Figure 2C). We next knocked 
down SUV39H1 in PC-3 cells using a specific siRNA, 
then treated the cells with Triptolide. Western blot analysis 
show that knock-down of SUV39H1 attenuates Triptolide-
induced enhancement of H3K9me3. Thus, Triptolide 
enhances H3K9me3 level through up-regulation of 
SUV39H1. Triptolide also increased significantly HP1α 
mRNA level (Figure 2C) and protein level in a dose- and 
time-dependent manner (Figure 2A and 2B). These results 
suggest that Triptolide induces heterochromatin formation 
in PCa cells. 

Triptolide induces a senescence-like phenotype in PC-3 
cells

Formation of heterochromatin involves in 
oncogene- and drug-induced cell senescence. Therefore, 
we investigated the effect of Triptolide on senescence 
markers. PC-3 cells were treated with 100 nM Triptolide 
for 24h and the activity of senescence-associated-
β-galactosidase (SA-β-gal) was assessed. As shown 
on Figure 3A, Triptolide increased the number of 
SA-β-gal positive PC-3 cells (stained blue) when 
compared to the DMSO-treated group. Further, Triptolide 
induced the formation of nuclear structures resembling 
heterochromatic foci enriched with H3K9me3 in 
PC-3 cells (yellow arrows, Figure 3B) as revealed by 
immunofluorescent staining. We also performed flow 
cytometric analysis of cellular DNA in PC-3 cells treated 
with 100 nM Triptolide for 24h. Triptolide significantly 
increased the accumulation of cells in S phase (Figure 
3C). We then used real-time PCR and immunoblotting 
to examine changes in expression of some molecular 
markers of senescence in cells treated with Triptolide 
for 24 h. The p53 pathway and the pRB1 pathway are 
two major effector pathways through which cell-cycle 
regulatory proteins induce cellular senescence. Since PC-3 
is a p53-null cell line, we mainly investigated the pRB1 
pathway. As shown in Figure 3D, the mRNA levels of 
RB1 and CDKN2A (p16) were significantly up-regulated 
by Triptolide, and the mRNA levels of CCNA2 and 
CDK2 were significantly down-regulated. Furthermore, 
the protein levels of RB1 and p16 were up-regulated by 
Triptolide, and the protein levels of Cyclin A2 and the 
cell growth marker Ki67 were down-regulated (Figure 

Figure 1. Triptolide Enhances H3K27me3 by Down-Regulating JMJD3 and UTX in PCa Cells. (A) Triptolide down-
regulates EZH2 expression yet enhances H3K27me3 level. PC-3 and LNCap cells were treated with the indicated 
doses of Triptolide and analyzed by western blotting. β-actin was used as a loading control. (B) Triptolide decreases 
JMJD3 and UTX mRNA levels. PC-3 cells were treated with the indicated doses of Triptolide for 24 h, then JMJD3 
and UTX mRNA levels were determined by real-time PCR with specific primers. * indicates P <0.05. (C) and (D) 
Triptolide decreases the JMJD3 protein level in dose-dependent (C) and time-dependent (D) manners, and enhances 
the H3K27me3 level. PC-3 cells were treated with the indicated doses of Triptolide and analyzed by western 
blotting. β-actin was used as a loading control. (F) Ectopic expression of JMJD3 attenuates the Triptolide-induced 
accumulation of H3K27me3. PC-3 cells were transfected with an HA-JMJD3 expression plasmid or blank vector 
for 24 h, then treated with 100 nM Triptolide for an additional 24 h. Cells were collected and analyzed by western 
blotting. α-Tubulin was used as a loading control. 
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3E). Together, these data indicate that Triptolide induces 
a senescence-like phenotype in PC-3 cells through 
activation of the pRB1 pathway.

Triptolide-induced cellular effects is mediated through 
formation of a repressive chromatin state

We examined whether heterochromatin formation 

contributes to other cellular effect of Triptolide. 
E2F1-responsive genes are regulated by accumulation 
of H3K9me3. Therefore, we performed chromatin 
immunoprecipitation assays and found that Triptolide 
significantly induces deposition of H3K9me3 on the 
promoters of E2F1 target genes as compared to the 
DMSO treated group (Figure 4A). Meanwhile, siRNA 

Figure 2. Triptolide Induces Heterochromatin Formation in PCa Cells. (A) and (B) Triptolide up-regulates SUV39H1 
and HP1α expression in dose-dependent (A) and time-dependent (B) manners, and enhances the H3K9me3 level. PC-3 
and LNCap cells were treated with the indicated doses of Triptolide and analyzed by western blotting. β-actin was 
used as a loading control. (C) Triptolide increases SUV39H1 and HP1-alpha mRNA levels. PC-3 cells were treated 
with the indicated doses of Triptolide, and analyzed by real-time PCR with specific primers. * indicates P <0.05. (D) 
Knock-down of SUV9H1 attenuates the Triptolide-induced accumulation of H3K9me3. PC-3 cells were transfected 
with SUV9H1 siRNA or non-specific control for 24 h then treated of 100 nM Triptolide for an additional 24 h. Cells 
were collected and analyzed by western blotting. β-actin was used as a loading control.    

Figure 3. Triptolide Induces a Senescence-Like Phenotype in PC-3 Cells. (A) Effect of triptolide on senescence-
associated-β-galactosidase production by PC-3 cells. PC-3 cells were treated with 100 nM Triptolide or DMSO for 24h 
and then stained for SA-β-galactosidase activity. Senescent cells stain in blue. Image was recovered using an inverse 
phase light microscope. (B) Immunofluorescent images of H3K9me3 and senescence-associated heterochromatic 
foci (SAHF) in PC-3 cells treated with Triptolide or DMSO. Cells were treated with 100 nM Triptolide for 24 h and 
analyzed by immunofluorescence with anti-H3K9me3 primary antibody (Red). DNA was stained with DAPI (blue). 
Cell images were captured with a fluorescence microscope. SAHF are depicted with yellow arrows (C) Cell cycle 
analysis of PC-3 cells by flow cytometry. After treatment with various doses of Triptolide for 24 h, PC-3 cells were 
fixed and stained with propidium iodide (PI). DNA content was detected by flow cytometry. (D) Effect of Triptolide 
on the mRNA level of senescence-related genes. Cells were treated with the indicated doses of Triptolide and analyzed 
by real-time PCR with specific primers. * indicates P <0.05. (E) Effect of Triptolide on the level of senescence-related 
proteins. Cells were treated with the indicated doses of Triptolide and analyzed by western blotting. β-actin was used 
as a loading control. 
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knock-down of SUV39H1 attenuates H3K9me3 
deposition on those promoters (Figure 4A), suggesting 
that Triptolide-induced deposition of H3K9me3 on target 
gene promoters is highly dependent on SUV39H1. We also 
found that Triptolide significantly decreases the mRNA 
level of E2F1 target genes and knock down of SUV39H1 
or HP1α partially attenuated the inhibitory effect of 
Triptolide in PC-3 cells (Figure 4B), indicating that 
Triptolide suppresses gene expression partially through 
enhancing the deposition of H3K9me3 on gene promoters 
and inducing heterochromatin formation.  

We next transfected  PC-3 cells with either a plasmid 
expressing HA-tagged JMJD3 or siRNAs specific for 
SUV39H1 and HP1α for 48 h, then treated with 100 nM 
Triptolide for an additional 24 h. Cell viability assays 
showed that over-expression of JMJD3 or knock-down 
of SUV39H1 significantly reduces the cytotoxicity of 
Triptolide to PC-3 cells (Figure 4C). Cell cycle analysis 
showed that knock-down of SUV39H1 significantly 
suppresses the S-phase arrest of Triptolide-treated PC-3 
cells (Figure 4D). Similar results were also observed 
with knock-down of HP1α (data no shown). Using 
flow cytometry analysis, we found that knock-down of 

SUV39H1 or HP1α significantly inhibited the apoptotic 
activity of Triptolide (Figure 4E). 

Discussion

The small molecule Triptolide has demonstrated potent 
anti-tumor effect against several kinds of cancer through a 
wide range of molecular mechanisms (Huang et al., 2012; 
Manzo et al., 2012; Phillips et al., 2007; Titov et al., 2011; 
Vispe et al., 2009; Wang et al., 2011; Zhu et al., 2009). 
However, there is a knowledge gap about the effect of 
Triptolide on histone methylation in PCa. We previously 
showed that Triptolide significantly inhibits the growth 
of PCa cells through downregulation of EZH2, a key 
subunit of the Polycomb repressive complex 2 (Tamgue 
et al., 2013). In light of that finding, we hypothesized 
that Triptolide may induce changes in the histone 
modification pattern in PCa cells. In this paper, we found 
that Triptolide enhanced H3K27me3 levels despite down-
regulating EZH2 in PC-3 cells (Figure 1A). This result was 
unexpected since downregulation of EZH2 by Triptolide 
decreased H3K27me3 level in the multiple myeloma cell 
line U266 (Zhao et al., 2010). Since H3K27me3 is a marker 

Figure 4. Triptolide-Induced Cellular Effects is Mediated Through Formation of a Repressive Chromatin State. (A)
Triptolide induces H3K9me3 deposition on the promoter regions of E2F1 target genes. PC-3 cells were transfected 
with SUV39H1 siRNA or non-specific control for 48 h then treated with 100 nM Triptolide or DMSO for an additional 
24 h. Chromatin was extracted and immunoprecipitated (CHIP) with specific anti-H3K9me3 antibody or control IgG. 
The target DNA level was analyzed by real-time PCR using GAPDH as an internal control. Results are presented as 
relative values compared to the negative control. "*" means P < 0.05. (B) Triptolide inhibits the expression of E2F1 
target genes. PC-3 cells were transfected with siRNAs specific to SUV39H1 and HP1α for 48 h then treated with 100 
nM Triptolide or DMSO for an additional 24 h. The mRNA levels of several E2F1 target genes were analyzed by real-
time PCR. Results are presented as relative values compared to the negative control. * means P < 0.05. (C) Ectopic 
expression of JMJD3 or knock-down of SUV39H1 and HP1α attenuates the growth inhibition effect of Triptolide. 
PC-3 cells were transfected with JMJD3 expression plasmids or SUV39H1 and HP1α siRNAs for 48 h, then treated 
with 100 nM Triptolide or DMSO for an additional 24 h, Cell viability was assessed by CCK-8 assay. (D) Knock-
down of SUV39H1 attenuates the S-phase arrest induced by Triptolide. PC-3 cells were transfected with SUV39H1 
or control siRNAs for 48 h, then treated with 100 nM Triptolide or DMSO for an additional 24 h. Cells were fixed 
and stained with PI, and DNA content was determined by flow cytometry. (E) Knock-down of SUV39H1 and HP1α 
attenuates the apoptosis induction effect of Triptolide. PC-3 cells were transfected with SUV39H1, HP1α or control 
siRNAs for 48 h then treated with 100 nM Triptolide or DMSO for an additional 24 h. After cells were stained with 
AV-FITC (green) and PI (red), they were analyzed by flow cytometry. The flow cytometry traces show the percentage 
of cells that are intact (AV−/PI−) or at different stages of apoptosis (AV+/PI−, AV+/PI+ and AV−/PI+).
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of gene repression we reasoned that Triptolide would 
induce the accumulation of repressive marks, consistently 
with its reported transcription suppression effect. We 
found that Triptolide indeed induces heterochromatin 
formation in PCa cells through different mechanisms 
including (1) enhancement of repressive histone mark 
H3K27me3 through down-regulation of the HDMs JMJD3 
and UTX (Figure 1C, 1D and 1E); (2) enhancement of 
heterochromatin markers SUV39H1 (Figure 2A, 2B and 
2C), H3K9me3 (Figure 2A, 2B and 2D) and HP1α (Figure 
2A, 2B and 2C). SUV39H1 is involved in gene-specific 
transcriptional repression through tri-methylation of 
H3K9 at specific loci (Ait-Si-Ali et al., 2004). Meanwhile 
H3K9me3 is usually found in silent heterochromatin 
regions and inactive promoters (Kouzarides, 2007) where 
it provides a high affinity binding sites for HP1α which 
subsequently recruits other chromosomal proteins to 
induce chromatin packaging and gene silencing (Lachner 
et al., 2001; Melcher et al., 2000). Since formation 
of heterochromatin involves in oncogene- and drug-
induced senescence mechanisms (Narita et al., 2003), we 
explored senescence mechanism and found  that Triptolide 
induces a senescence-like phenotype in  PC-3 cells 
which was characterized by production of senescence-
associated-β-galactosidase (Figure3A), presence of 
senescence-associated heterochromatic foci in cell nuclei 
(Figure 3B) , cell cycle arrest in S-phase (Figure 3C) and 
activation of the pRB1 pathway (Figure 3C and 3D). 
Therefore, the anti-tumor effect of Triptolide may be 
explained at least partly by its ability to induce senescence. 
Our finding is in line with previous reports observing that 
blockade of apoptosis using potent caspase/ apoptosis 
inhibitor zVAD-fmk failed to prevent Triptolide-induced 
cell death in breast cancer cells MCF-7, thus suggesting 
that other mechanisms must be involved in the anti-tumor 
effect of Triptolide (Tan et al., 2011). Our findings further 
suggest that induction of heterochromatin formation 

contributes to other anti-PCa effects of Triptolide, 
including suppression of cell viability (Figure 4C); cell 
cycle arrest (Figure 4D), apoptosis induction (Figure 4E) 
and suppression of gene expression (Figure 4A and 4B). 
Our result also support the conclusions from recent studies 
suggesting  that the targeting of XPB protein (Wang et al., 
2011) cannot account for all the biological activities of 
Triptolide (Huang et al., 2012; Smurnyy et al., 2014). In 
this study we found that Triptolide also suppresses gene 
expression by promoting heterochromatin formation and 
deposition on the promoters of E2F1 target genes (Figure 
4A and 4B). Whether the presence of E2F1 binding site 
on the promotor region is a prerequisite for gene targeting 
by Triptolide remains to be determined and may explain 
why certain genes escape Triptolide-induced transcription 
suppression.

In summary, our study showed that Triptolide is 
a potential epigenetic anti-PCa drug. The anti-PCa 
activity of Triptolide may be partially attributed to its 
ability to induce heterochromatin formation. We propose 
a model (Figure 5) whereby Triptolide enhances the 
levels of H3K27me3 and H3K9me3 by down-regulating 
JMJD3/UTX and up-regulating SUV39H1 respectively. 
Triptolide also upregulates HP1α which then promotes 
heterochromatin formation, suppression of genomic 
transcription, and induction of PCa cell senescence.
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