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Oridonin Induces Apoptosis

of Myeloma Cells by Inducing
C-Myc Degradation via Nuclear

Accumulation of Fhxw7/a
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Abstract

The overall survival of patients with multiple myeloma has recently
improved, primarily due to the use of several novel agents, including
proteasome inhibitors and immunomodulatory drugs. However, as
MM remains incurable due to its eventual relapse, the development
of more effective agents is greatly needed. Oridonin is a diterpenoid
that induces apoptosis and autophagy in various types of cancer.
However, the effects of oridonin on MM cells have not been fully
elucidated. In the present study, we found that oridonin inhibited
proliferation and induced caspase-dependent apoptosis in MM cells.
Interestingly, oridonin suppressed c-Myc protein levels and promoted
the nuclear accumulation of F-box and WD-40 domain protein 7a,
a component of the SCF-like ubiquitin ligase complex, suggesting
that oridonin induced c-Myc down regulation might at least in part
be due to proteasomal degradation of c-Myc via Fbxw7a-mediated
ubiquitination. These results suggest that the effects of oridonin in MM
patients in the clinical setting warrant investigation.

Abbreviations

MM: Multiple Myeloma; Fbxw7: F-box and WD-40 domain
protein 7; SCF: Skp, Cullin, and F-box; DMSO: Dissolved in Dimethyl
Sulfoxide; PARP: Poly ADP-Ribose Polymerase; IRF: Interferon
Regulatory Factor; HDACI1: Histone Deacetylase 1; FBS: Fetal Bovine
Serum; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide; PI: Propidium Iodide; RT-PCR: Reverse Transcription
Polymerase Chain Reaction; PBS: Phosphate-buffered Saline; SD:
Standard Deviation

Introduction

Multiple Myeloma (MM) is a B-cell malignancy characterized
by the accumulation of neoplastic plasma cells that typically secrete
monoclonal proteins. The overall survival of patients with MM has
significantly improved over the last decade, primarily due to the use
of novel agents such as thalidomide, lenalidomide and bortezomib,
as well as the combined use of high-dose chemotherapy with
autologous hematopoietic stem cell transplantation [1,2]. However,
MM remains incurable, as patients frequently relapse even after a
complete response is achieved [1,2]. Therefore, the development of
newer agents with unique mechanisms of action is needed to further
improve outcomes in MM patients.

c-Myec is a helix-loop-helix leucine zipper transcription factor
that plays essential roles in cell growth, proliferation, survival, and
metabolic adaptation [3]. c-Myc is deregulated in multiple types of
cancer, including leukemia and lymphoma [4]. In addition, c-Myc
is activated in approximately two-thirds of patients with MM but
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not in patients with monoclonal gammopathy of undetermined
significance, indicating that c-Myc plays a pivotal role in myeloma
pathogenesis [5]. A recent study demonstrated that MM cells
depend on c-Myc for survival, as the ablation of ¢-myc using small
hairpin RNAs or small molecule inhibitors induced MM cell death
[6]. We previously demonstrated that the survivin inhibitor YM155
suppressed proliferation and survival in MM cells by promoting the
proteasomal degradation of c-Myc [7]. Thus, c-Myc is an attractive
target for myeloma treatment.

Oridonin is a natural diterpenoid isolated from the Chinese
medicinal herb Rabdosia rubescens. Oridonin has been shown to
induce apoptosis and autophagy in a wide variety of cancer cells,
including those isolated from prostate, breast, lung, and lymphoid
malignancies [8-11]. However, the mechanisms underlying the
effects of oridonin in MM cells remain largely unknown. Huang et
al. found that oridonin induced apoptosis in human erythroleukemia
K562 cells by inducing the proteasomal degradation of c-Myc by
F-box and WD-40 domain protein 7 (Fbxw7), a component of the
Skp, Cullin, and F-box (SCF)-like ubiquitin ligase complex [10]. Zeng
et al. demonstrated that oridonin induced apoptosis and autophagy
in human MM RPMI8226 cells by regulating the generation of
intracellular reactive oxygen species generation and sirtuin 1 [11].
In the present study, we demonstrated that oridonin suppresses
cell proliferation and induces caspase-dependent apoptosis in MM
cells. Oridonin-mediated these effects, at least in part, by inducing
the nuclear translocation of Fbxw7a, thereby promoting Fbxw7-
mediated proteasomal degradation of c-Myc.

Materials and Methods
Reagents and antibodies

Oridonin was purchased from Sigma-Aldrich (St. Louis, MO),
and the proteasome inhibitor MG132 was purchased from EMD
Biosciences (La Jolla, CA). Both agents were dissolved in Dimethyl
Sulfoxide (DMSO), and working solutions were prepared by diluting
the stock solution in RPMI 1640 medium. Control cells were treated
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with 0.1% DMSO in complete medium, as this was the maximum final
DMSO concentration in oridonin-treated cells. Antibodies against
Mcl-1, c-Myg, cleaved caspase-3, procaspase-9, cleaved Poly ADP-
ribose Polymerase (PARP), Interferon Regulatory Factor (IRF)-4,and
B-actin were obtained from cell signaling technology (Beverly, MA).
Antibodies against Fbxw7a were purchased from Allele Biotechnology
(San Diego, CA). Antibodies against Histone Deacetylase 1 (HDAC1)
were purchased from Santa Cruz Biotechnology (Dallas, TX).

Cell lines

The human myeloma cell line RPMI8226 (American Type
Culture Collection [ATCC], Rockville, MD) was derived from the
peripheral blood of a 61-year-old male with MM, and reveals hyper
diploid karyotype and has no high-risk cytogenetic features [12]. The
myeloma cell lines KMS-28PE and KMS-34 were kindly provided by
Dr. Tamura (Nippon Medical School, Tokyo, Japan). KMS-28PE and
KMS-34 cells were derived from pleural effusions from a 77-year-
female and a 60-year-female with t(4;14) myeloma, respectively, and
were established at Kawasaki Medical School, Okayama, Japan [13,14].
MM cell lines were cultured in RPMI 1640 (Gibco, Grand Island, NY)
supplemented with 10% Fetal Bovine Serum (FBS) (HyClone, Logan,
UT), 100 U/ml penicillin (Gibco), 100 pg/ml streptomycin (Gibco),
and 2 mM glutamine (Gibco) in a 5% CO2 incubator at 37 °C.

Cell proliferation assay

Cell proliferation assays were conducted as previously described
[15]. Briefly, 2x10° cells/ml from each line were cultured in RPMI
1640 medium supplemented with 10% FBS in the presence or
absence of the indicated concentrations of oridonin for 24 h. The
3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
(MTT) assay was subsequently conducted according to the
manufacturer’s recommendations.

Bromide

Apoptosis assay

The apoptosis assay was conducted as previously described [14].
Briefly, RPMI18226, KMS-28PE, and KMS-34 cells were plated at a
concentration of 2x10° cells/ml in the presence or absence of 10 pM
oridonin for 24 h. A total of 200,000 cells were stained with annexin-V
and Propidium Iodide (PI) according to the manufacturer’s
instructions (BD Biosciences, San Diego, CA). The percentage of
annexin-V and Propidium Iodide (PI)-positive cells was analyzed
using the BD FACS Calibur platform (Becton Dickinson, LA).

cDNA synthesis and Real-Time Reverse Transcription Polymerase
Chain Reaction (RT-PCR)

cDNA synthesis and real-time RT-PCR were conducted as
previously described [15]. RPMI8226 and KMS-28PE cells were
cultured in the presence or absence of oridonin for 2 h. Total RNA
was isolated using an RNeasy Mini Kit (Qiagen Sciences, MD). One
microgram of total RNA from each sample was reverse transcribed
using first-strand ¢cDNA synthesis kit (Qiagen) and subsequently
analyzed using RT-PCR (LightCycler, Roche Applied Science,
Indianapolis, IN) according to the manufacturer’s instructions.
The primers used to amplify human c-myc were as follows:
forward, 5X-CTTCTCTCCGTCCTCGGATTCT-3K;, and reverse,
58-GAAGGTGATCCAGACTCTGACCTT-3K. The primers used to
amplify the internal control GAPDH were purchased from Nihon

Gene Research Laboratories Inc. (Sendai, Japan). SYBR green (Roche
Diagnostics, Indianapolis, IN) was used as the PCR probe, and the
ratio of c-myc to GAPDH levels in each sample was calculated.

Immunoblotting

Immunoblotting assays were conducted as previously described
[16]. Oridonin-treated RPMI8226 and KMS-28PE cells were washed
twice with cold phosphate-buffered saline (PBS), and protein lysates
were prepared by incubating cell pellets in ice-cold lysis buffer (0.5%
NP-40, 10 mM Tris base, 200 mM NaCl, 10% glycerol, 5 mM NaF,
and 0.5 mM sodium orthovanadate, pH 7.4) supplemented with 1%
protease inhibitor cocktail (EMD Biosciences, San Diego, CA) for 30
min at4 °C. The supernatants were cleared by centrifugation at 4066xg
for 10 min, and the samples were eluted with SDS sample buffer
(Pierce, Rockford, IL) for 5 min at 95 ‘C. The samples were separated
on 12% Tris-glycine gels (Bio-Rad Laboratories, Hercules, CA) and
subsequently transferred to polyvinylidene difluoride membranes
(Merck Millipore, Tokyo, Japan). Nuclear and cytoplasmic fractions
from each extract were prepared using the Cytoplasmic & Nuclear
Protein Extraction Kit (101Bio, Palo Alto, CA) according to the
manufacturer’s instructions. Immunoblotting assays were conducted
according to the instructions provided by the manufacturers of the
antibodies, and the proteins were visualized using HRP-conjugated
secondary antibodies and the ECL Prime Western Blotting detection
reagent (GE Healthcare, Tokyo, Japan). In some experiments,
membranes were incubated in a stripping buffer (Pierce, Rockford,
IL) according to the manufacturer’s instructions, before being re-
probed with additional primary antibodies.

Proteasome inhibition assay

The proteasome inhibition assay was conducted as previously
described [17]. RPMI8226 and KMS-28PE cells were incubated
in the absence or presence of oridonin (10 uM), MG-132 (10 uM),
or both agents for 2 h. The cells were subsequently analyzed using
immunoblotting assays with anti-c-Myc and anti-p-actin antibodies
as described above.

Immunofluorescence staining

RPM1I8226 cells were seeded on glass dishes (Iwaki, Japan), fixed
in 4% paraformaldehyde, and washed with PBS 3 times. The cells
were permeabilized with 0.1% Triton-X, blocked in blocking buffer
(PBS supplemented with 3% bovine serum albumin), and stained
with rabbit polyclonal anti-Fbxw7a. The cells were subsequently
incubated with AlexaFluor 488-conjugated anti-rabbit IgG (Thermo
Fisher Scientific, Japan). The samples were counterstained with
Hoechst 33342 (Dojindo, Japan) and AlexaFluor 555 Phalloidin
(ThermoFisher Scientific, Japan). Images were obtained using a
fluorescence microscope (BZ-X710, Keyence, Japan).

Statistical analysis

The data are expressed as the mean + Standard Deviation
(SD). Statistical differences were assessed using the Student’s t-test.
P-values<0.05 were considered statistically significant.

Results

Oridonin suppresses cell proliferation and survival in MM cell
lines
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We first examined the effect of oridonin on the proliferation of
MM cells. As shown in Figure 1A, oridonin treatment inhibited the
proliferation of the four MM cell lines evaluated in a dose-dependent
manner (IC50 = 8.24 + 0.18 pM). To examine the effects of oridonin
on proliferation and viability of normal blood cells, PBMCs were
cultured in the presence or absence of 10 uM oridonin for 24 h.
However, the inhibitory effects on normal PBMCs were not observed
(data not shown). Next, we examined the effect of oridonin on cell
death in MM cells by measuring the frequency of cell death using flow
cytometry analysis of cells cultured in the presence or absence of 10
uM oridonin for 24 h and stained with annexin-V and PI. As shown
in Figure 1B, the percentage of annexin V+/PI- and annexin- V+/
PI+ cells was greater in oridonin-treated cells compared with control
cells. These results suggested that oridonin suppressed proliferation
and induced cell death in MM cell lines.

Oridonin suppresses c-Myc expression and activates caspase-3 and
PARP in RPMI8226 and KMS-28PE cells

To elucidate the mechanisms by which oridonin suppressed
proliferation and induced cell death in MM cells, we examined levels
of c-Myc and the anti-apoptotic protein Mcl-1 in RPMI8226 and
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Figure 1A: Oridonin-mediated growth inhibition and cell death in MM cells.
KMS-28PE, KMS-34, and RPMI8226 cells were cultured in 96-well tissue
culture plates in the presence or absence of oridonin at the indicated
concentrations for 24 h. Cell viability was measured using the MTT assay.
Data are expressed as the mean percentage of the control cells and represent
the average of triplicate samples. The results shown are representative of
three independent experiments.
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Figure 1B: Oridonin-mediated growth inhibition and cell death in MM cells.
KMS-28PE, KMS-34, and RPMI8226 cells were cultured in 6-well tissue
culture plates in the presence or absence of oridonin (10 uM) for 24 h. The
frequency of cell death was measured using flow cytometry analysis of
annexin V/propidium iodide (Pl)-stained cells. Data represent the average
of triplicate samples, and error bars represent one standard deviation (SD)
from the mean. The results shown are representative of two independent
experiments.*P<0.05, **P<0.01: oridonin vs. control. A: Annexin V; PI:
Propidium lodide.

KMS-28PE cells. As shown in Figure 2A, c-Myc and Mcl-1 protein
levels were suppressed in RPMI8226 cells treated with oridonin for 12
h. In contrast, oridonin suppressed c-Myc levels but not Mcl-1 levels
in KMS-28PE cells. Oridonin also activated caspase-3 and PARP in
both RPMI8226 and KMS-28PE cells. In addition, procaspase-9 levels
decreased after 12 h of treatment with oridonin in RPMI8226 cells
but not in KMS-28PE cells. These results suggested that oridonin
induced caspase-dependent apoptosis in RPMI8226 and KMS-28PE
MM cells, however the precise mechanism of apoptosis in each cell
line might have differed.

Oridonin does not suppress IRF-4 and Fbxw7a in MM cells

We also examined the effects of oridonin on IRF-4 protein levels,
as IRF-4 plays a crucial role in the pathogenesis of MM by directly
transactivating the c-myc gene, thereby initiating an autoregulatory
feedback loop in MM [18]. As shown in Figure 2B, c-Myc protein
levels were suppressed after 2 h of treatment with oridonin. In
contrast, IRF-4 protein levels were unaffected, even after 6 h of
treatment. As a recent report demonstrated that oridonin enhances
Fbxw7a levels and induces apoptosis in leukemia cells by promoting
the proteasomal degradation of c-Myc [10], we examined the effects
of oridonin on Fbxw7a levels in MM cells. As shown in Figure 2A
and 2B, oridonin did not enhance Fbxw7a protein levels in MM cells.
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Figure 2A: : Oridonin suppresses c-Myc expression and activates caspase-3
and PARP but not IRF-4 and Fbxw7a in MM cells.

RPMI8226 and KMS-28PE cells were treated with oridonin (10 pM) for
the indicated time (0,12,18, or 24 h) and analyzed using immunoblotting
assays with specific antibodies against c-Myc, Mcl-1, procaspase-9, cleaved
caspase-3, cleaved PARP, Fbxw7a, and B-actin.
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Figure 2B: : Oridonin suppresses c-Myc expression and activates caspase-3
and PARP but not IRF-4 and Fbxw7a in MM cells.

RPMI8226 and KMS-28PE cells were treated with oridonin (10 uM) for the
indicated time (0,2,4, or 6 h) and analyzed using immunoblotting assays with
specific antibodies against c-Myc, IRF-4, Mcl-1, Fbxw7a, and B-actin. The
immunoblot shown is representative of two independent experiments.
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Oridonin induces the downregulation of c-myc mRNA and
proteasomal degradation of c-Myc in RPMI8226 and KMS-28PE
cells

To elucidate the mechanism of oridonin induced suppression of
c-Myc protein levels, we conducted a proteasome inhibition assay. As
shown in Figure 3A treatment with the proteasome inhibitor MG132
blocked oridonin-mediated downregulation c-Myc expression in
RPMI8226 and KMS-28PE cells, suggesting that c-Myc might be
degraded via the ubiquitin-proteasome pathway. Next, we examined
the effect of oridonin on the transcription of the c-myc oncogene.
As shown in Figure 3B, quantitative RT-PCR analysis demonstrated
that c-myc mRNA levels decreased after 2 h of treatment with 10
uM oridonin in RPMI8226 and KMS-28PE cells. These results
indicated that oridonin might suppress c-Myc protein levels via both
transcriptional repression and proteasomal degradation.

Oridonin induces nuclear translocation of Fbxw7a in RPMI18226
cells

Next, we investigated the mechanism by which oridonin
promotes c-Myc degradation in MM cells. c-Myc is a target of
Fbxw7a, a component of the SCF-like ubiquitin ligase complex [19].

RPMI8226 cells KMS-28PE cells
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Figure 3A: Oridonin induces the downregulation of c-myc mRNA and the
proteasomal degradation of c-Myc in MM cells.

MG 132 blocked oridonin-mediated suppression of c-Myc levels. RPMI8226
and KMS-28PE cells were incubated in the presence or absence of oridonin
(10 pM), MG-132 (10 pM), or both agents for 2 h and analyzed using
immunoblotting assays with specific antibodies againstc-Myc and B-actin.
The immunoblot shown is representative of two independent experiments. C:
Control; M: MG132; Ori: Oridonin.
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Figure 3B: Oridonin induces the downregulation of c-myc mRNA and the
proteasomal degradation of c-Myc in MM cells.

c-myc mRNA levels decreased in oridonin-treated MM cells. RPMI8226 and
KMS-28PE cells were treated with oridonin (10 pM) for 2 h, and total RNA
was subsequently prepared. Relative expression levels of c-myc mRNA were
quantified using real-time RT-PCR analysis. The data represent the average
of triplicate samples, and error bars represent one SD from the mean. The
results shown are representative of two independent experiments. *P<0.05:
oridonin vs. control.

As oridonin did not alter Fbxw7a expression at the protein level in
MM cells (Figures 2A and 2B), we hypothesized that oridonin might
affect the intracellular localization of Fbxw7a. Therefore, we treated
RPMI8226 cells with oridonin and evaluated the nuclear localization
of Fbxw7a using immunoblotting (Figure 4A). Nuclear levels of
Fbxw7a increased, whereas nuclear levels of c-Myc decreased
after 4 h of oridonin treatment. In contrast, nuclear levels of the
HDACI loading control were unaffected by oridonin treatment.
Moreover, fluorescence immunostaining assays demonstrated that
oridonin induced Fbxw7a accumulation in the nucleus (Figure
4B). These results suggested that oridonin might trigger the nuclear
translocation of Fbxw7a, thereby promoting the proteasomal
degradation of c-Myc.

Discussion

In this study, we demonstrated that oridonin suppressed the
proliferation of MM cells in a dose-dependent manner and induced
apoptosis. In addition, oridonin activated caspase-3 and PARP,
indicating that oridonin induced caspase-dependent apoptosis in
MM cells. However, oridonin induced a relative slow activation of
these proteins in KMS-28PE compared to RPMI8226. KMS-28PE
cells have a high-risk cytogenetic feature such as t(4;14) [13]. In
contrast, RPMI18226 cells have the standard-risk feature such as
hyperdiploidy [12]. On the other hand,oridonin suppressed Mcl-1
and procaspase-9 levels in RPMI8226 but not in KMS-28PE cells.
Similarly, Ikezoe et al. demonstrated that oridonin down regulated

Fbxw7 — ——
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B-actin S S —
C Ori c Ori
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Figure 4A: Oridonin induces the nuclear accumulation of Fbxw7a in
RPMI8226 cells.

(A). RPMI8226 cells were treated with oridonin (10 uM) for 6 h and analyzed
using immunoblotting assays with specific antibodies against Fbxw7a,
c-Myc, HDAC1, and B-actin. The immunoblot shown is representative of
two independent experiments. C: Control; Ori: Oridonin.

Fhxw7a F-actin

untreated

treated

Figure 4B: Oridonin induces the nuclear accumulation of Fbxw7a in
RPMI8226 cells.

(Top (A-D) and bottom (E-H) panels show untreated and oridonin-treated
RPMI8226 cells, respectively. Images were acquired using fluorescence
microscopy. Fbxw7a is shown in green (A,E), F-actin in red (B,F), and the
nucleus in blue (C,G). Merged images are shown in panels D and H.
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Mcl-1 and Bcl-xL levels in RPMI8226 and adult T-cell leukemia
(MT-1) cells [9]. A recent study demonstrated that oridonin induced
apoptosis, increased levels of activated caspase-3 and caspase-9, and
decreased mitochondrial membrane potential in gastric cancer cells
[20]. In contrast, Kang et al. reported that oridonin activated caspase-8
in human laryngeal cancer cells [21]. These findings suggest that the
cell death pathways affected by oridonin might differ according to cell
type and cytogenetic features.

We also found that oridonin suppressed c-Myc protein levels
in MM cells. Consistent with these findings, a previous study
demonstrated that oridonin suppressed c-Myc levels in K562 cells
[10]. c-Myc overexpression is an oncogenic event characteristic of
MM [5,22]. A previous study reported that c-Myc was overexpressed
in 40 % of MM patients [23]. In addition, c-Myc activation is
detectable in 67 % of MM patients, and is associated with hyper
diploidy and shorter survival time [5]. Walker et al. recently reported
that MM patients with c-myc translocations had lower progression-
free and overall survival rates [24]. These findings suggest that c-Myc
overexpression and/or activation is associated with a poor prognosis
in MM. Holien et al. demonstrated that MM cells depend on c-Myc
for survival, as the ablation of c-myc using small hairpin RNAs or
small molecule inhibitors induced MM cell death [6]. In addition,
recent reports have shown that the BET inhibitor JQI suppressed
cell proliferation and c-Myc levels [7,25]. Together, these findings
suggest that c-Myc represents a potential target of MM treatment.
Unfortunately, despite our ever growing understanding of the
biology of c-myc, targeted clinical therapeutic strategies for tumors
with enhanced c-myc expression are not yet available. The findings
of the present study clearly illustrate that oridonin suppressed c-Myc
in MM cells. A recent study identified a positive auto regulatory loop
between IRF-4 and c-Myc during normal B-cell activation as well as
in MM [18]. We found that oridonin did not suppress IRF-4 levels in
RPMI8226 or KMS-28PE cells, indicating that the effects of oridonin
are specific to c-Myc.

c-Myc is tightly regulated at multiple biologic levels, and it is
regulated by Fbxw?7 at the posttranslational level [19,26]. Fbxw?7, a
component of the ubiquitin-proteasome system, is an E3 ubiquitin
ligase that targets c-Myc. Huang et al. demonstrated that oridonin
suppressed c-Myc protein levels and that this effect was mediated by
Fbxw7 [10]. In addition, Fbxw?7 was rapidly upregulated in K562 cells
and other leukemia and lymphoma cells treated with oridonin. These
findings prompted us to examine if oridonin upregulates Fbxw7a
in MM cells. However, we did not observe an increase in Fbxw7a
levels in oridonin-treated MM cells. E3 ubiquitin ligases catalyze
protein degradation via the ubiquitin-proteasome system, and their
activity is tightly controlled. One level of regulation involves their
subcellular localization. The Fbxw7 gene encodes three mRNAs
with unique 5” exons and 10 common exons [27]. The three Fbxw7
protein isoforms share known functional domains and differ in their
localization. Fbxw7a is nuclear, Fbxw7p is cytoplasmic, and Fbxw7y
is predominantly nucleolar [28]. Fbxw7a is the most abundant
isoform and accounts for the bulk of known Fbxw7 functions [29].
Therefore, we examined if oridonin affects the subcellular localization
of Fbxw7a in MM cells. Interestingly, we found that oridonin
induced the nuclear accumulation of Fbxw7a in RPMI8226 cells.
Furthermore, oridonin-mediated suppression of c-Myc protein levels

was reversed by the proteasome inhibitor MG132. These findings
suggest that oridonin might suppress c-Myc levels, at least in part, by
promoting c-Myc protein degradation via the nuclear accumulation
of Fbxw7a in MM cells. King et al. showed that Fbxw7a mutations
specifically affect the ubiquitylation and half-life of c-Myc protein, a
key T cell acute lymphoblastic leukemia oncogene [30]. The authors
also demonstrated that R465C mutation renders Fbxw?7 incapable
of ubiquitylating c-Myc. We did not examine the ubiquitylation
of c-Myc in oridonin-treated MM cells in this study. On the other
hand, Durgan et al. demonstrated that phosphorylation of Fbxw7a at
Ser10 can regulate its nuclear localization in mutational analyses [31].
Because cancer-associated mutations in nearby residues influence
Fbxw7a localization, there is the possibility of presence of such
mutations within Fbxw7a gene in MM cells. To clarify the precise
mechanism by which oridonin induces the degradation of c-Myc
in MM cells, further studies are needed. We observed that c-myc
mRNA levels slightly decreased in MM cells treated with oridonin
for 2 h. These observations indicated that oridonin reduced c-Myc
expression mainly through the proteasomal degradation rather than
the transcriptional repression. However, the precise mechanism
mediating the effects of oridonin on c-Myc remains unclear and
warrants further investigation in future studies.

In conclusion, oridonin induces caspase-dependent apoptosis
in MM cells. In addition, oridonin suppresses the critical MM-
associated oncoprotein c-Myc by promoting c-myc transcriptional
repression and inducing c-Myc protein degradation via the nuclear
accumulation of Fbxw7a. Our data indicate that clinical studies of
oridonin in patients with MM may be warranted.
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