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ABSTRACT 
 

Objective: Multiple myeloma is a kind of malignant plasma cell disease that originated from B lymphocyte and 
secrete great amount of monoclonal immunoglobulin. It is still one of the refractory diseases at present. Numerous 
studies show that there is an intensive relationship between the disequilibrium of histone acetylation and the 
occurance of multiple myeloma. Here we investigated the effect of triptolide(TPL) on the proliferation, apoptosis, 
histone H3 and  H4 acetylation and expression of histone deacetylase 8 (HDAC8) in vitro, to explore its anti- 
myeloma mechanism. 

Methods: The effect of triptolide on the growth of RPMI8226 was studied by 3-(4,5-Dimethyl-2-thiazolyl) 
-2,5-diphenyl-2H-tetrazolium(MTT) assay. Apoptosis was detected by Hoechst 33258 staining. The protein 
expressions of acetyl-histone H3 and H4 were determined by Western blot, and the expression of HDAC8 was 
assessed by RT-PCR, Western blot and confocal microscopy. 

Results: Triptolide inhibited the proliferation of RPMI8226 and induced apoptosis in a time- and dose- 
dependent manner. The 36h IC50 value was (105.370 ± 0.189)nmol/L. Triptolide increased the acetylation of histone 
H3 and H4 greatly. Furthermore, triptolide significantly down-regulated the mRNA and protein expression of 
HDAC8. 

Conclusion: Triptolide can inhibit proliferation and induce apoptosis of RPMI8226 significantly. Triptolide 
reduces the expression of HDAC8 in order to increase the histone H3 and H4 acetylation, which is possibly the 
anti-myeloma mechanism of triptolide. 
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INTRODUCTION 
 
As a diterpene triepoxide, triptolide(TPL), the 

principal active ingredient of extracts from the 
Chinese herb Tripterygium wilfordii Hook.F (TwHF), 
is a member of the Celastraceae family[1] (The 
structure shown in Figure 1). Triptolide has extensive 
pharmacological activities including immuno- 
depression, anti-inflammation[2,3] and anti-tumor 
properties[4]. In diverse hematological tumors 
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triptolide shows anti-tumor activity and many studies 
are carried out to elucidate the potential anti-tumor 
mechanisms[5-8]. Multiple myeloma is a kind of 
malignant plasma cell dyscrasia originated from B 
lymphocytes, and a great amount of monoclonal 
immunoglobulins are secreted by the tumor cells. 
Nowadays multiple myeloma is still a refractory 
disorder. Numerous studies show that there is an 
intensive relationship between the disequilibrium of 
histone acetylation and the initiation and progression 
of multiple myeloma[9]. Multiple histone deacetylase 
inhibitors can inhibit the proliferation of myeloma 
cells, and induce apoptosis of the myeloma cells[10,11].  
Histone acetylation is a reversible process that is 
regulated by the opposing activities of histone actyl 
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transferases(HATs) and histone deacetylases 
(HDACs). Generally, hyperacetylation of histones 
results in transcriptional activation, whereas 
deacetylation correlates with transcriptional silencing. 
Correspondingly, transcriptional activators are often 
associated with HAT activity whereas HDACs 
frequently form complexes with transcriptional 
repressors. There are 11 known isoforms of the 
HDAC family, denoted HDAC 1–11[12]. The human 
HDACs are divided into three different classes based 
on their similarity to yeast HDAC proteins. Class I 
enzymes are ubiquitously expressed and include 
HDAC1, -2, -3, and -8[13]. HDAC8 is different from 
the typical class I enzyme (HDAC1, -2, and -3) in 
several respects, e.g. it lies near the boundary of the 
class I and class II enzymes[14], binds various metals 
including Fe(II) and K+ to its active site, and is 
phosphorylated by cyclic AMP-dependent protein 
kinase A (PKA) instead of protein kinase CK2[15,16]. 
HDAC8 causes histone H3 and H4 deacetylation[17]. 
All of these observations intrigered us to investigate 
the relationship between HDAC8 and multiple 
myeloma, and to explore the effect of triptolide on 
HDAC8 expression and histone acetylation status in 
multiple myeloma in vitro. 
 

 
Figure 1. Chemical structure of triptolide from Trip- 
terygium wilfordii Hook F. 

  
In this report, we describe for the first time the 

HDAC8 inhibitory effects of triptolide in human 
multiple myeloma cells and the corresponding 
changes in cell growth, apoptosis, and histone 
acetylation, trying to explore the anti-myeloma 
mechanism thereby.111111 
 
 

MATERIALS AND METHODS 
 
Cell Line and Reagents  
 

Human multiple myeloma cell line RPMI8226 
was obtained from Bio-Mart Company (Shanghai, 
China) and cultured in RPMI-1640 medium (Gibco 

BRL, Grand Island, NY, USA) containing 10% fetal 
bovine serum (Sijiqing Co. Ltd, Hangzhou, China) in 
5% CO2 incubator at 37°C. Triptolide with 98% purity 
was purchased from Sigma (St. Louis, MO, USA), 
initially dissolved in dimethylsulfoxide (DMSO), 
stored at -20°C, and then thawed before use. 
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazo
lium (MTT), DMSO and Hoechst33258 were 
purchased from Sigma. RNA trizol was purchased 
from Invitrogen (CA, USA). Reverse transcription- 
polymerase chain reaction (RT-PCR) kit was 
purchased from TOYOBO(Japan). Anti-acetyl histone 
H3 (acetyl-histone H3), anti-acetyl H4 (acetyl-histone 
H4), anti-HDAC8, and anti-β-actin antibodies were 
purchased from Santa Cruz (California, USA), 
Tetrametrylrhodarnine isothiocyante (TRITC)-labeled 
secondary antibodies, horse radish peroxidase (HRP)- 
labeled secondary antibodies and chemiluminescence 
(ECL) reagent kits were purchased from Pierce 
Biotechnology(Rockford, IL, USA). 
 
MTT Assay  
 

The antiproliferative effect of triptolide on RPMI 
8226 cells was determined using the MTT dye uptake 
method. In brief, the cells (50,000 per well) were 
incubated in quintuplicate in 96-well plates. Different 
doses of triptolide were added, with the final 
concentrations of 40, 60, 80, 100 and 120nmol/L for 
24, 36 and 72 h. Thereafter, 20 μl MTT solution 
(5mg/ml in phosphate-buffered saline) was added to 
each well. After 4h at 37°C, the supernatant was 
removed and 150μl DMSO was added. When the blue 
crystal was dissolved, the optical density(OD) was 
detected at 570 nm wavelength by a 96-well 
multiscanner autoreader (Bio-Rad M450,USA). The 
following formula was used: cell proliferation 
inhibited(%)=[1－(OD of the experimental samples/ 
OD of the control)] ×100%. The IC50 was taken as the 
concentration that caused 50% inhibition of cell 
proliferation. 
 
Hoechst 33258 Staining   
 

Nuclear fragmentation was visualized by Hoechst 
33258 of apoptosis nuclei. Apoptosis cells were 
collected by centrifugation, washed with phosphate- 
buffered saline (PBS), and fixed in 4% 
paraformaldehyde for 20 min at room temperature. 
Subsequently the cells were washed and resuspended 
in 20μl PBS before being deposited on poly 
lysine-coated coverslips and left to adhere to the 
cover slips for 30 min at room temperature, after 
which the cover slips were washed twice with PBS. 
The adhered cells were then incubated with 
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0.1%Triton X-100 for 5 min at room temperature and 
rinsed with PBS three times. The cover slips were 
treated with Hoechst 33258 at 37°C for 30min, rinsed 
with PBS, and mounted on slides with glycerol-PBS. 
The cells were viewed with an Olympus fluorescence 
microscope (Japan). 
 
Western Blot Analysis  
 

After treatment, cells were harvested and lysed in 
100 μL of lysis buffer (10mmol/L Tris-HCL [pH7.5], 
1mmol/L EDTA, 1% Triton X-100, 150mmol/L NaCl, 
1mmol/L dithiothreitol, 10% glycerol, 0.2mmol/L 
phenylmethylsulfonyl fluoride and protease 
inhibitors) by incubation on ice for 30 min, and then 
the extracts were centrifuged at 18,000×g for 15 min 
to remove cell debris. After the addition of 5× loading 
buffer, protein samples were electrophoresed on a 
12% sodium dodecylsulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), and then transferred 
onto nitrocellulose membranes. The membranes were 
then immunoblotted with primary antibodies directed 
against acetyl-histone H3, acetyl-histone H4, and 
HDAC8 (dilution of 1:200). After incubation 
overnight at 4°C, the blots were exposed to the 
HRP-labeled sencondary antibody at a final dilution 
of 1:2000 in Western washing solution. Finally, the 
blots were visualized by ECL and autoradiography 
system. Quantification of the bands was carried out 
using the Quantity One densitometric analysis 
software (Bio-Rad, CA, USA). 
 
Reverse Transcription-polymerase Chain Reaction  
 

Total cellular RNA was extracted using Trizol 
reagent. Reverse transcription-polymerase chain 
reaction(RT-PCR) was performed with the appropriate 
primers, following the protocol of TOYOBO kit. PCR 
reaction mixture 20μl was initially amplified. Primer 
pairs were all designed from human cDNA sequences 
available in GenBank and synthesized by Shanghai 
Bioengineering Company (Shanghai, China). The 
sequences of the primers and product sizes for 
HDAC8 and β-actin were as follows: For hdac8, the 
forward primer used was 5'-TGG GCA GTC GCT 
GGT-3'; reverse primer, 5'-GTG GCT GGG CAG TCA 
TAA-3' (product size: 285bp). Polymerase chain 
reaction was carried out at 94°C for 5 min, followed 
by 34 cycles of 94°C for 30s, and 55.5°C for 30s, then 
72°C for 30s, finally with an extension at 72°C for 7 
min. For β-actin, the forward primer used was 5'-GAG 
CTA CGA GCT GCC TGA CG-3'; reverse primer, 
5'-CCT AGA AGC ATT TGC GGT GG-3' (product 
size: 416bp). Polymerase chain reaction was carried 
out at 94°C for 5 min, followed by 34 cycles of 94°C 

for 30s, and 60°C for 30s, then 72°C for 30s, finally 
with an extension at 72°C for 7 min. The amplified 
PCR products were separated by electrophoresis on a 
2% agarose gel and quantitated by relative intensities 
of the bands, as compared to those of β-actin using 
Smart View Bio-Electrophoresis Image Analysis 
System (Furi, Shanghai, China). 
 
Immunofluorescence with Confocal Microscope  
 

After incubation with 40μmol/L of triptolide for 
24 h, cells were collected and fixed in 4% 
paraformaldehyde for 10 min. The suspensions were 
permeabilized with 0.25% Triton X-100 for 10 min, 
and blocked with 3% bovine serum albumin for 30 
min. After that, the primary antibody against HDAC8 
(diluted at 1:100) was used overnight at 4°C. Then, 
the samples were exposed to TRITC-labeled 
secondary antibody (diluted at 1:100) for 1 h and 
stained with Hoechst 33258 (10μg/ml) to visualize the 
DNA. Images were captured using an FV-500 
confocal microscope (Olympus,Japan). 
 
Statistical Analysis  
 

Results were expressed as x±s and analyzed 
using SPSS 13.0. Student’s t-test was used to compare 
quantitative data populations with normal distribution 
and equal vriance. A value of P<0.05 was considered 
statistically significant. At least three independent 
experiments were performed.  

 
 

RESULTS 
 
Effects of Triptolide on the Proliferation of 
RPMI8226 Cells by MTT 
 

The effect of triptolide on the proliferation of 
RPMI8226 cells was determined by MTT assay. 
RPMI8226 cells were treated with different 
concentrations of triptolide (0, 40, 60, 80, 100 
nmol/L) for 0h, 24h, 36h, 48h and 72h respectively, 
which resulted in the inhibition of cell proliferation in 
a dose- and time- dependent manner. As shown in 
Figure 2, The OD value of the triptolide-treated group 
was significantly lower than that of the untreated 
group. The IC50 value for 36 h of the RPMI8226 was 
105.37 ± 0.19 nmol/L. As the exposure time of 
triptolide increased, the IC50 value decreased 
dramatically. 
 
Effects of Triptolide on Apoptosis of RPMI8226 
Cells by Hoechst 33258 Staining 
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In order to study the effect of triptolide on cell 
apoptosis, we used Hoechest 33258 staining to 
investigate the change in the nuclei of RPMI8226 
cells, as shown in Figure 3. Apoptosis bodies 
containing nuclear fragments were found in the 
triptolide-treated cells, where the chromatin became 
condensed and marginalized, the nuclear envelope 
appeared lytic and the cytoplasm were shrinked 
(Figure 3B), while none of these was found in 
untreated cells (Figure 3A). When treated with 80 and 
160 nmol/L triptolide for 24h, there were more 
shrinked and lytic nuclei as shown in Figure 3C and 
3D. 

 
Figure 2. Time-effect and dose-effect relationship of 
proliferation inhibiition by triptolide on RPMI8226 
cells. 

 

Expressions of Acetyl-Histone H3, H4 and HDAC8 
in RPMI8226 Cells by Western Blot 
 

To investigate the effects of triptolide on H3 and 
H4 actylation and the action mechanism, we examined 
the protein expressions of acetyl-histone H3, acetyl- 
histone H4, and HDAC8. RPMI8226 cells were 
treated with triptolide (40, 80 and 160nmol/L) for 48 
h. After treatment, histones were extracted from the 
cells, and the protein expression of acetyl-histone H3, 
H4 and HDAC8 were measured by western blot 
analysis. Exposure to triptolide (40, 80 and 160 
nmol/L) for 48 h could increase the global levels of 
acetyl-histone H3 and H4 while the protein expression 
of HDAC8 declined significantly, which is shown in 
Figure 4.  
 
Effects of Triptolide on the mRNA Level of HDAC8 
in RPMI8226 Cells 
 

We explored the effects of triptolide on the mRNA 
level of HDAC8 as well. RPMI8226 cells were treated 
with triptolide (40, 80 and 160nmol/L) for 24 h. After 
that, the mRNA level of HDAC8 decreased 
significantly in a dose-dependent manner by RT-PCR 
which was shown in Figure 5. So it is concluded that 
triptolide induces a dose-dependent decline of 
HDAC8 both at transcriptional level and translational 
level in RPMI8226 cells.  

 

 
 
Figure 3. The morphological changes of RPMI8226 cells treated with triptolide by Hoechst33258 staining (×400). 
A: Untreated RPMI8226 cells; B: Cells treated with 40 nmol/L triptolide for 24 h; C: Cells treated with 80 nmol/L 
triptolide for 24 h; D: Cells treated with 160 nmol/L triptolide for 24 h.  
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Figure 4. The protein expressions of acetyl-histone H3, H4 and HDAC8 in RPMI8226 cells when treated for 48 h by triptolide 
of different concentrtion (**P<0.01). A: RPMI8226 cells were treated with 0, 40, 80 or 160 nmol/L of triptolide and then cell 
lysates were subjected to Western blot with anti-acetyl-histone H3, anti-acetyl-histone H4, anti-HDAC8 and anti-β-actin; B: 
The expression of actyl-histone H3 was quantified by densitometry; C: The expression of acetyl-histone H4 was quantified by 
densitometry; D: The expression of HDAC8 was quantified by densitometry. 
 
 

 
Figure 5. Effects on the mRNA of HDAC8 when treated by 
triptolide for 24 h in RPMI8226 cells (**P<0.01) A: RT-PCR 
was performed with the primers of HDAC8 and β-actin. B: 
The relative expression of HDAC8 mRNA was shown above.  

 
 
Location and Protein Expression of HDAC8 in 
RPMI8226 Cells with Confocal Microscope 
 

To visualize the subcellular location and 
expression of HDAC8 in RPMI8226 cells, confocal 
microscope was used. As shown in Figure 6, HDAC8 
was localized in cell nucleus. The mean fluorescence 
density value of the control was 39.86 ± 0.47 (Figure 

6A). After treatment with triptolide (40nmol/L) for 
24h，the fluorescence density decreased dramatically,  
as the mean fluorescence density value was 21.96 ± 
0.34 (Figure 6D). Our results revealed that compared 
with the control, the expression of HDAC8 in 
RPMI8226 cells was remarkably inhibited by the 
addition of triptolide, while the subcelluar 
localization was still in the nucleus after treatment. 

 
 

 
 
Figure 6. Effect of triptolide on subcellular localization and 
expression of HDAC8 in RPMI8226 cells (×400). A: Control, 
HDAC8 stained with TRITC; B: Control, DNA stained with 
Hoechst 33258; C: Merging figure A with Figure B; D: Cells 
treated by triptolide, HDAC8 stained with TRITC; E: Cells 
treated by triptolide, DNA stained with Hoechst 33258; F: 
Merging Figure D with Figure E. 
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DISCUSSION 
 

Triptolide is a kind of natural compound that 
possesses multiple biological activities such as 
inhibiting proliferation, inducing apoptosis and 
controlling the metastasis of tumor cells. Triptolide 
interferes with the cell cycle, improves the activity of 
p21waf1/cip1[18,19], inhibits cell proliferation[20,21], 
activates caspase8, 9 and 3, lyses the DNA repair 
enzyme PARP[22,23], and induces cell apoptosis 
directly or by means of inhibiting nuclear factor κB 
(NFκB) through upregulating nuclear factor κB 
inhibiting protein (IκBα)[24]. Triptolide is associated 
with up-regulation of the Bax gene[25], and causes 
down-regulation of the Bcl-2 gene which results in 
control of cell growth in tumors[26]. Recent studies 
suggests that triptolide overcomes dexamethasone 
resistance and enhances PS-341-induced apoptosis via 
PI3k/Akt/NF-κB pathways in human multiple 
myeloma cells[27]. Our experiments showed that 
triptolide could inhibit the proliferation of RPMI8226 
cells significantly in a time- and dose-dependent 
manner. Hoechst 33258 staining showed typical 
cellular apoptosis morphologic changes when treated 
with triptolide. With the increase of drug 
concentration, the apoptotic rate of RPMI8226 cells 
increased significantly. 

Histone acetyltransferase(HAT) and HDAC 
control the addition and removal of acetyl groups on 
proteins and maintain a dynamic balance of 
steady-state acetylation. The role of histone 
deacetylase in oncogenesis may be a consequence of 
abnormal transcription factors usurping the normal 
mechanisms regulating gene transcription. Trans- 
cription silence of the tumor suppressor genes in 
malignant tumor cells has a close relationship with the 
decrease of histone acetylation of the tumor 
suppressor genes. HDAC8 is a HDAC subtype which 
has a molecular weight of 49kDa and belongs to the 
Class I HDAC enzymes. HDAC8 has the deacetylase 
activity in many kinds of tissues and cells[28], and 
removes the acetyl groups from the N-terminal of 
histone H3 and H4 thereby deregulating histone 
acetylation[17,29]. Histone deacetylase inhibitors up- 
regulate histone acetylation through inhibition of the 
HDAC activity. Histone acetylation and deacety- 
lation change the superior structures through affecting 
the interaction between DNA and histone[30,31]. 
Histone deacetylation is closely related to cell 
proliferation, while histone acetylation is connected 
with cell cycle inhibition, cell differentiation and 
apoptosis[32]. Research showed that when K562 
chronic myelogenous leukemia cells was induced 
differentiation artificially, histone H3 acetylation 
increased in the gene regulatory region of Rho family 

GTPase Rac2 which closely connected with myeloid 
cell differentiation[33]. In a comprehensive panel of 
normal tissues, cancer cell lines and primary tumors, a 
global aberrant pattern of histone H4 modification, 
characterized by a loss of mono-acetylation at Lys16 
and trimethylation at Lys20, predominantly located at 
DNA repetitive sequences, was seen only in cancer 
cells and was associated with early tumorigenesis[34]. 
Histone hypo-acetylation and overexpression of 
HDAC was also observed in human cancer tissues 
from a range of organs such as stomach, colon and 
breast. The level of histone hypo-acetylation 
correlates with tumor initiation[35,36]. We examined the 
regulation of acetyl histone H3 and H4 with triptolide 
in RPMI8226 cells using Western blot, and found that 
after treatement with triptolide for 48h, the level of 
acetyl histone H3 and H4 rose strikingly in a dose 
dependent manner. We subsequently examined the 
expression of HDAC8 in RPMI8226 cells by RT-PCR 
and Western blot, and found that after triptolide 
treatment, the mRNA and protein levels of HDAC8 
decreased significantly in a dose dependent manner. 
The detection with confocal microscope showed that 
HDAC8 localized in the cellular nucleus. When 
treated with triptolide, there was no subcellular 
localization difference, but the expression of HDAC8 
was remarkably declined.  

Abnormal transcription factors disrupting the 
normal gene transcription may be the reason why 
histone deacetylation induces tumors. Studies showed 
that in patients with multiple myeloma and myeloma 
cell lines the overexpression of c-myc could be 
detected[37]. As the disease developed, the expression 
of c-myc rose significantly, while the inhibition of 
HDAC can suppress the expression of c-myc[38,39]. 
Further studies indicated that in patients with multiple 
myeloma and myeloma cell lines which all treated 
with melphalan, the upregulation of histone 
acetylation could be detected at the H3K9 loci of 
promoters of c-myc and CCND1, while the protein 
expression levels of Myc and CyclinD1 declined 
correspondingly[28]. We speculate that triptolide 
declines the protein expression of Myc through 
inhibiting the deacetylation of c-myc and 
subsequently increasing the histone acetylation of 
c-myc, which makes it possible that triptolide 
specifically inhibits multiple myeloma-causing genes 
so that decreases or even reverses the tumor. 

In all, our experiments showed that triptolide 
inhibited the proliferation of RPMI8226 cells in a 
time- and dose-dependent manner and induced dose- 
dependent apoptosis. Triptolide strikingly inhibited 
HDAC8 accompanied by accumulation of acetylated 
H3 and H4 histones in RPMI8226 cells. The 
regulation of histone acetylation is probably the 
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anti-multiple myeloma mechanism of triptolide, 
which provides important theoretical foundation for 
the clinical application of triptolide. 
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