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Downregulation of nucleoporin 88 and 214 induced by oridonin
may protect OCIM?2 acute erythroleukemia cells from apoptosis
through regulation of nucleocytoplasmic transport of NF-kB
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Abstract. Oridonin has been utilized for the treatment of
various human diseases due to its anti-inflammatory, antibac-
terial and antitumor effects. However, the precise mechanisms
induced by oridonin in human erythroleukemia are yet to
be clarified. The present study aimed to elucidate possible
oridonin-induced apoptotic mechanisms in OCIM2 cells, as
well as the possible mechanisms whereby OCIM?2 cells are
relatively resistant to oridonin. Results in the present study
showed that oridonin significantly inhibited OCIM2 and
OCI-AML3 cell proliferation in a dose- and time-dependent
manner, while expressing a much higher IC;,in OCIM?2,
compared to OCI-AML3. These results also indicated that
oridonin induced OCIM?2 cell apoptosis, associated with p65
and Bax, while activating caspases-9, -6 and -3. However, p65
was only partly translocated into the nucleus, while most of the
p65 was retained in the cytoplasm. Moreover, nucleoporin 214
(Nup214) and nucleoporin 88 (Nup88) were downregulated at
the transcriptional and protein levels, subsequent to oridonin
treatment. Taken together, these data suggest that oridonin
has the potential to induce OCIM?2 cell-apoptosis, involving
NF-«kB activation, whereas the downregulation of Nup88 and
Nup214 may protect OCIM?2 through the regulation of the
nucleocytoplasmic transport of p65.

Introduction

AML is an aggressive malignancy distinguished from normal
hematopoietic cells by key properties, including blocked differ-
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entiation, enhanced self-renewal and increased proliferation.
Although AML treatment is among the most dose-intensive
approaches in the clinic, AML-related mortality remains
high. Acute erythroleukemia is an extremely rare subtype
of AML, associated with an extremely poor response to
currently available therapeutic agents as well as survival
rate, compared to other subtypes (1). Given the difficulties in
well-tolerance treatment, novel chemotherapeutic agents and
more effective therapies are urgently needed for the treatment
of acute erythroleukemia.

NF-«xB, a member of the transcription factors family, is
widely expressed in almost every cell, while being crucial
in several signal transduction pathways (2). A common form
of NF-kB is a heterodimer, consisting of p65 (RelA) and
p50, present in the cytoplasm of unstimulated cells as an
inactive IxBa-bound formation. It may act both as a pro- and
an anti-apoptotic transcription factor through the regulation
of different target genes, such as Bcl-2, Bel-xL, JNK kinase
and p53 (2,3). Although NF-«B activation is often associated
with increased survival of cancer cells and resistance to
chemotherapy, there is also evidence that NF-kB activation
sensitizes cells to apoptosis (4,5).

Nucleoporin 88 (Nup88) is a non-FG nucleoporin found
exclusively on the cytoplasmic face of the nuclear pore
complex (NPC) that mediates nucleocytoplasmic trafficking of
macromolecules (6). In tumors, Nup88 staining is prominent
in the cytoplasm, often in granular dots (7,8). Furthermore,
its expression levels are highly correlated with the metastasis
and mortality rates of colon cancer (9). Additionally, Nup88 is
reported to be closely associated with CAN/Nup214, another
nucleoporin and a proto-oncogene involved in leukemia (10).
A study carried out on Drosophila reported that Drosophila
larvae lacking either Nup214 or Nup88 showed a notable
cytoplasmic accumulation of the NF-«B homologs (the
NES-containing Dorsal and Dif) that normally shuttle
between the nucleus and the cytoplasm. The FG repetition
domain of Nup214 as well as the N-terminal B-propeller
domain of Nup88 bind directly to CRM-1/exportin-1, the
receptor exporting most proteins from the nucleus.

In the present study, the effects of oridonin on OCIM2
cells were investigated. OCIM?2 was found to be relatively
resistant to oridonin treatment. Oridonin inhibited OCIM2
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growth and induced OCIM2 cell apoptosis by upregu-
lating p65 and its target gene Bax and activating apoptosis
executioners including caspases-6, -9 and -3, while the
downregulation of Nup214 and Nup88 may protect OCIM2 by
regulating the nucleocytoplasmic transport of p65.

Materials and methods

Reagents. Oridonin of more than 98% purity (empirical
formula, C, H,50,; molecular weight, 360.42), purchased
from Sigma-Aldrich (St. Louis, MO, USA), was initially
dissolved in dimethyl sulfoxide (DMSO), stored at -20°C
and thawed before use (Fig. 1A). RPMI-1640 medium was
purchased from Gibco-BRL (Gaithersburg, MD, USA).
Fetal bovine serum (FBS) was purchased from Shijiqing
(HangZhou, China). DMSO, trypan blue, Hoechst 33258 and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
(MTT) were purchased from Sigma-Aldrich. RNA TRIzol
reagents were purchased from Invitrogen Life Technologies
(Carlsbad, CA, USA) and the RT-PCR kit was obtained
from Toyobo Biologics (Osaka, Japan). Primary antibody
caspases-3, -6 and Bax were purchased from Cell Signaling
Technology (Danvers, MA, USA). Primary antibody of
Nup88 was purchased from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). Primary antibodies of p65 and
caspase-9 were purchased from Proteintech Group (Chicago,
IL, USA). Nup214 was purchased from Abcam (Abcam, San
Francisco, CA, USA). Horseradish peroxidase (HRP)-labeled
secondary antibodies and y-tubulin antibody were purchased
from Jackson ImmunoResearch (Jackson, WY, USA). ECL
western blotting detection reagents and analysis system was
purchased from Pierce Biotechnology, Inc. (Rockford, IL,
USA).

Cell lines and culture. The OCI-AML3 and OCIM2 were
kindly provided by MD Minden (Ontario Cancer Institute,
Toronto, ON, Canada). OCI/AML3 (FAB M4) was obtained
from a patient with NPM mutation and OCIM2 (FAB-M6)
from a patient with erythroleukemia. The cells were grown
in RPMI-1640 and supplemented with 10% FBS. Cultures
were maintained in a humidified atmosphere with 5% CO,
at 37°C.

Cell proliferation assay. The anti-proliferative effect of
oridonin on the OCIM2 and OCI-AML3 cells was deter-
mined using MTT assay, according to the Mosmann method.
The OCIM2 and OCI-AML3 cells (1x10*/well) were exposed
to varying concentrations of oridonin (0-32 ymol/l) for 24, 48
and 72 h on 96-well plates. Thereafter, 20 ul MTT solutions
(5 mg/ml in PBS) were added to each well. Subsequent to
4-h incubation, the supernatant was discarded and 150 ul of
DMSO was added. Once the blue crystals were dissolved, the
optical density (OD) was measured at 490 nm using a 96-well
multiscanner autoreader (BioTek Instruments, Winooski, VT,
USA). The inhibition of cell proliferation was determined
using the formula: inhibition of cell proliferation (%) = [1-OD
of the experimental samples/OD of the control)] x100% (n=3,
mean + SD). The half maximal inhibitory concentration (ICs)
was defined as the oridonin concentration that causes 50%
inhibition of cell proliferation.
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Trypan blue dye exclusion assay. To assess the cytotoxicity
of oridonin on OCIM2, the cells were treated with varying
concentrations of oridonin (0, 8, 16 and 32 ymol/l) for 12,
24,36 and 48 h, and were then stained using the Trypan Blue
Staining Cell Viability Assay (Beyotime, Haimen, China).
Trypan blue staining was evaluated under the microscope and
cells were counted using a hemocytometer. Cells that took up
trypan blue were counted as dead cells.

Flow cytometry for apoptosis. Immunofluorescence flow
cytometry was employed to evaluate the apoptosis-inducing
effect of oridonin on the OCIM2 cells. The cells seeded on
6-well plates (5x10°/ml) were treated with varying concentra-
tions of oridonin (0, 2, 8 and 16 umol/1) for 24 h. The cells were
harvested and washed with cold PBS, and then resuspended in
100 ul binding buffer. Subsequently, phosphatidyl serine was
detected on the surface of apoptotic cells using Annexin V/
FITC and a PI apoptosis detection kit, following the manufac-
turer's instructions (Bender MedSystems, Inc., Burlingame,
CA, USA). The number of cells in apoptosis was evaluated by
FACS flow cytometry (BD Biosciences, San Diego, CA, USA).
A population of at least 10,000 cells was analyzed.

Hoechst 33258 staining assay. Nuclear fragmentation was
visualized by Hoechst 33258 staining of apoptotic nuclei.
Cells treated with varying concentrations of oridonin (0, 2, 8
and 16 ymol/l) for 24 h were collected and washed, and then
fixed for 10 min prior to deposition onto polylysine-coated
coverslips. Subsequently, the samples were permeabilized
with 0.25% Triton X-100 for 5 min and stained with 1 pg/ml
Hoechst 33258 for 30 min at 37°C. The slides were mounted
with glycerol-PBS, and the images were visualized and
captured using a FV500 confocal microscope (Olympus,
Tokyo, Japan).

Western blot analysis. Western blot analysis was used to
evaluate the levels of Bax, caspases-3, -6, -9, Nup88, Nup214
and p65 in the OCIM2 cells exposed to oridonin. The OCIM2
cells (1x10°) were seeded and treated in vitro with different
concentrations of oridonin (0, 2, 8 and 16 ymol/l) for 24 h.
Cells were lysed in RIPA buffer (50 mM Tris-HCI, pH 7.5;
150 mM NaCl; 1% NP-40; 0.5% sodium deoxycholate;
0.1% SDS) containing complete protease inhibitor cock-
tail (Calbiochem, San Diego, USA). Nuclear and cytosolic
extracts were prepared according to the manufacturer's
instructions (Beyotime). The sample lysates (80 ug of protein/
lane) were prepared, and the proteins were separated by 10%
polyacrylamide gel. The proteins were electro-transferred
onto nitrocellulose (NC) membranes and the blots were
incubated with a blocking solution (5% skimmed milk in Tris-
buffered saline Tween-20 buffer) for 2 h at room temperature.
The membranes were then incubated using the dilutions
(1:500-1:1,000) of the primary antibodies. The primary anti-
bodies were washed and incubated with secondary antibodies
for 2 h at room temperature. The bound antibodies were
visualized using a supersignal chemiluminescence detection
(ECL) kit (Pierce Biotechnology, Inc., Rockford, IL, USA).
The signals were detected using a chemiluminescence detec-
tion system (Bio-Rad, Hercules, CA, USA). The results were
expressed as the relative density of the protein normalized to
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Figure 1. Effect of oridonin on the proliferation and vitality of acute myeloid leukemia cells. Oridonin inhibits the vitality and proliferation of human acute
myeloid leukemia cells. (A) Chemical structure of oridonin. (B) OCI-AML3 and (C) OCIM2 were treated with indicated doses of oridonin for 24, 48 and

72 h, and the viable cells were measured with MTT assay. (D) OCIM2 cells

were treated with increasing doses of oridonin (0, 2, 8 and 16 ymol/l) at the

indicated time points (12, 24, 36 and 48 h) and the vitality was detected by trypan blue stain exclusion assay. Data are presented as the mean + SD from three

independent experiments.

v-tubulin. Enhancement or inhibition rates were estimated by
comparison with the control (100%).

Quantitative real-time RT-PCR analysis. Total RNA was
isolated from each group of OCIM?2 cells treated with 0, 2, 8
and 16 ymol/l oridonin for 24 h, according to the manufac-
turer's instructions. Total RNA (2 ug) was reverse transcribed
into cDNA, according to the manufacturer's instructions using
the TOYOBO kits. The analysis was carried out using SYBR-
Green PCR master mix. Real-time RT-PCR amplification
was performed in an ABI Prism 7900HT Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). Samples
were run in triplicates in three independent experiments.
All the threshold cycle (CT) values were normalized with
B-actin in the same master reaction. The 2"24¢T (AA threshold
cycle) method of analysis was used to relatively quantify the
transcriptional levels of studied genes. Specific primers were
used for human Nup88, forward: 5'-GGA GCT TGC TTT
GAA ACT GG-3' and reverse: 5-ATT TCC CGC AGA CTT
TTC CT-3"; Nup214, forward: 5-AGT CCT CAG TCT TGC
CCT CA-3' and reverse: 5-CGA TTG TTG GCT AGG GTG
TT-3'; p-actin, forward: 5-GCC CAG TCC TCT CCC AAG
TC-3' and reverse: 5'-GGC ACG AAG GTC ATC ATT C-3.

Immunofluorescence staining. An immunofluorescence
staining assay was performed to evaluate the oridonin-induced
enhancement and translocation effect of p65 on OCIM?2 cells.
The OCIM2 cells were exposed to varying concentrations of
oridonin. After 24 h, the cells were fixed with 4% parafor-
maldehyde for 10 min and permeabilized with 0.25% Triton
X-100 for 5 min. The cells were then washed twice with PBS,
blocked in 3% bovine serum albumin and then deposited onto

polylysine coated coverslips. The rabbit polyclonal anti-p65
antibody was diluted to 1:100 and non-immunoreactive IgG
was added as the negative control. Subsequent to washing,
the cells were incubated with Cy3-labeled goat anti-rabbit
secondary antibody (Pierce Biotechnology, Rockford, IL,
USA), diluted in PBS for 2 h and stained with Hoechst 33258
(10 pg/ml) for 10 min. The image was visualized and captured
using a FV500 confocal microscope (Olympus). The p65
levels were estimated as the mean fluorescence intensity after
subtracting those of the negative control cells.

Statistical analysis. Data were presented as the mean + SD of
at least three independent experiments. The t-tests were used
to determine the differences between the treated samples and
the controls. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of oridonin on the proliferation and growth of AML
cells. Initially, the effect of oridonin on the proliferation of
AML cells was examined. OCI-AML3 and OCIM2 were
cultured in varying concentrations of oridonin, while the
inhibitory effects of oridonin were examined by MTT,
indicating the mitochondrial activity of the cells. Results in
Fig. 1 show that oridonin had a dose- and time-dependent
anti-proliferative effect on the OCI-AML3 (Fig. 1B), as well
as on the OCIM2 cells (Fig. 1C), subsequent to 24-, 48- and
72-h exposure. The number of viable cells decreased with
the increasing concentration of oridonin over the exposure.
The IC,, value of OCIM2 at 24 h was 15.07+1.34 ymol/I,
while that of OCI-AML3 was only 3.27+0.23 ymol/l. As
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Figure 2. Apoptotic effects of oridonin on OCIM2. Oridonin-induced OCIM2 cell apoptosis in a dose-dependent manner. OCIM2 cells were treated with
increasing doses of oridonin (0, 2, 8 and 16 ymol/l) for 24 h, and the apoptotic cells were measured by flow cytometry using (A) FACS and (B) Hoechst 33258.

Figures were representative of one of three experiments with similar results.
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Figure 3. Activation of caspases by oridonin on OCIM?2. (A) After cells were treated with different concentrations of oridonin (0, 2, 8 and 16 ymol/l) for 24 h,
the whole cell lysates were subjected to 10% SDS-PAGE gel, electrotransferred on a nitrocellulose membrane and probed for the caspases-3, -6 and -9. The
same blots were stripped and reprobed with anti-y-tubulin to show equal protein loading. Bands were quantified by densitometric analysis. (B) Level of the
proteins was corrected relatively to the y-tubulin and shown in the histogram. Figures were representative of one of three experiments with similar results.

the period of exposure increased, the ICs, values gradually
decreased. The ICs, values in OCIM?2 cells after 48 and 72 h
were 10.12+1.24 and 8.83+0.94 umol/l, respectively. The
values were much lower (3.18+0.42 and 3.13+0.23 pmol/l) in
OCI-AML3 cells.

The anti-proliferative effects of oridonin on OCIM2 cells
were also examined, using trypan dye exclusion. As shown
in Fig. 1D, oridonin suppressed the vitality of OCIM2 within
48 h, in a dose-dependent manner. These results showed that
oridonin suppressed the proliferation of the tested AML
cell lines, however, the oridonin concentration exerting its
effect on the OCIM2 cells, was much higher compared to the
concentration in OCI-AML3 cells.

Oridonin in a relatively high concentration induced OCIM?2
cell-apoptosis. We investigated whether oridonin led to
OCIM?2 cell-apoptosis using the Annexin V/PI dual stain
method. Annexin V binds to those cells that express phos-
phatidylserine on the outer layer of the cell membrane, a
characteristic feature of cells entering apoptosis. To check

this, OCIM?2 cells were treated with different concentrations
of oridonin for 24 h and then stained with Annexin V-FITC
and PI. Results in Fig. 2A show a dose-dependent increase in
Annexin V-positive cells, indicating the onset of apoptosis in
oridonin-treated cells.

In addition, the effect of oridonin on OCIM?2 cell apop-
tosis was observed subsequent to Hoechst 33258 staining,
under laser scanning confocal microscope. Nuclei in the
control cells were regular in shape. These cells decreased in
size and darkened subsequent to oridonin treatment, while the
nuclei presented chromatin condensation and marginalization
or nuclear beading. The number of apoptotic cells increased
with the concentration, while more typical morphological
features appeared (8 and 16 ymol/l) (Fig. 2B).

Oridonin-induced activated NF-xB was partially blocked
in the cytoplasm of OCIM?2 cells. Since studies have
indicated (4,5) that the NF-kB pathway was involved in
oridonin-induced apoptosis, we examined whether or not
NF-«kB was activated by oridonin. OCIM?2 cells were treated
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with varying concentrations of oridonin for 24 h, then the cell lysates were subjected to 10% SDS-PAGE gel, electrotransferred on a nitrocellulose membrane
and probed for the p65 and Bax. The same blots were then stripped and reprobed with anti-y-tubulin to show equal protein loading (lower panels). (B) OCIM2
cells were incubated alone or with oridonin for 24 h and then analyzed for the subcellular location of p65 by immunofluorescence staining. Red stain indicated
the localization of p65, and blue stain indicated nuclears (original magnification, x200). (C) OCIM?2 cells were incubated along or with oridonin (16 yzmol/l)
for 24 h, then the nuclear and cytosolic extracts were prepared and subjected to 10% SDS-PAGE gel, electrotransferred on a nitrocellulose membrane and
probed for the p65. The same blots were then stripped and reprobed with anti-f-actin and anti-laminB1 to show equal protein loading (lower panels). The
bands were quantified by densitometric analysis. (D) The cytosolic and nuclear p65 were corrected to the f-actin and laminBl1, respectively, and shown in the
histogram. Figures were representative of one of three experiments with similar results. "P<0.05, “P<0.01 vs. untreated control.
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Figure 5. Effects of oridonin on the Nup88 and Nup214. Oridonin downregulated Nup88 and Nup214 in the mRNA and protein levels. The OCIM2 cells were
treated with the indicated doses of oridonin for 24 h. (A) The protein level of the Nup88 and Nup214 in treated cells was detected by western blotting. Bands
were quantified by densitometric analysis. (B) Nup88 and Nup214 were corrected relatively to the y-tubulin and shown in the histogram. Nup88 and Nup214
mRNA of treated cells were detected by quantitative real-time RT-PCR. The histogram shows the 24T values of (C) Nup88 and (D) Nup214. Data are
presented as the mean = SD from three independent experiments. “P<0.05, “P<0.01 vs. untreated control.

with varying concentrations of oridonin, while their protein ~ While in the inactive state the p65 subunit was retained in the
extracts were monitored for p65 expression, using immuno-  cytoplasm, in an activated NF-«B the p65 subunit containing
blotting. Results in Fig. 4A show that the total p65 increased  the transactivation domain was translocated into the nucleus.
in a dose-dependent manner (P<0.05 vs. untreated control).  Therefore, to confirm that oridonin translocated p65 from the
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cytoplasm to the nucleus, immunofluorescence staining was
used. The results in Fig. 4B clearly show that the p65 subunit
of NF-kB translocated to the nucleus in the oridonin-treated
group and especially in the typically apoptotic OCIM2 cells.
In addition, subsequent to oridonin treatment the protein level
of Bax increased accordingly (Fig. 4A). The downstream
caspase effectors of Bax, such as caspases-9 and -3 were
detected by western blot analysis. As shown in Fig. 3, oridonin
significantly induced the activation of caspases-9 and -3 while
decreasing in the protein level of pro-caspases-9 and -3 and
increasing in the protein levels of cleaved forms in OCIM2
cells. In addition, oridonin treatment downregulated the
protein level of pro-caspase-6, while indicating an increased
immunofluorescence p65 intensity in the cytoplasm. To
confirm a partially-retained p65 in the cytoplasm, the nuclear
and cytosolic extracts of untreated and oridonin-treated cells
were prepared and examined for p65 expression. Consistent
with the results in Fig. 4B, results in Fig. 4C show that the
cytoplasm p65 content increased in the oridonin-treated
OCIM2 cells. As shown in Fig. 4D, there were statistically
significant differences in p65 expression in the cytoplasm and
nucleus in the oridonin-treated and control groups.

Partial translocation of p65 might be regulated by Nup88
and Nup2l4. OCIM2 cells were markedly more resistant
to oridonin compared to other AML cells, albeit oridonin
had the potential to induce OCIM?2 cell-apoptosis. In addi-
tion, p65 was observed to be retained in the cytoplasm of
oridonin-treated OCIM?2 cells, while the nucleocytoplasmic
transport of p65 was reported to be selectively mediated
by the Nup88/214 complex. We hypothesized that oridonin
downregulated Nup88 as well as Nup214, while possibly
inhibiting the translocation of p65 from the cytoplasm to
the nucleus. To confirm the effect of oridonin on the Nup88
and Nup214 expressions, immunoblotting was employed
on the OCIM2 cells treated with varying concentrations of
oridonin as well as on their protein extracts, with a view to
detect Nup88 and Nup214 expression. Results in Fig. SA show
that the Nup88 and Nup214 expressions decreased in a dose-
dependent manner.

To determine whether oridonin affected the transcrip-
tional expression of Nup88 and Nup214, total RNA was
extracted from untreated and oridonin-treated OCIM2
cells and Nup88, while Nup214 mRNA was analyzed by
quantitative real-time PCR. Consistent with the results of
immunoblotting, results shown in Fig. 5 demonstrate that
the 2-42¢T of Nup88 (Fig. 5C) and Nup214 (Fig. 5D) were
significantly decreased in the oridonin-treated, compared to
the untreated cells.

Discussion

Oridonin, an active anti-cancer diterpenoid, is a well-known
and widely used traditional Chinese medicament. Previous
reports have demonstrated that oridonin had significant
inhibitory effects on leukemia cells, including NB4, HL-60,
U937, kausima-1, K562 and primary AML, both in vitro
and in vivo (11-14). Although Zhou et al (12) found that
oridonin-induced AML cell apoptosis (8,21) through targeting
the AMLI-ETO (AE) fusion protein that is crucial in leuke-
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mogenesis, data regarding the potential of oridonin to induce
apoptosis in erythroleukemia, as well as the precise under-
lying molecular mechanisms are scarce. In the present
study, oridonin was found to have the potential to inhibit cell
proliferation in the AML cell lines OCI-AML3 and OCIM2,
when increasing treatment concentration. Subsequent to
Hoechst 33258 staining, oridonin-treated OCIM2 cells
demonstrated typical morphological changes, including
nuclear chromatin condensation and a crescent shape. The
number of apoptotic cells increased with the increased drug
dose, while nuclei broke into fragments and formed apoptotic
bodies. Flow cytometry-detected apoptosis showed a gradu-
ally increasing population of apoptotic cells. Based on these
findings, a series of experiments were carried out to further
determine potential apoptotic signaling pathways.

NF-«B regulates genes involved in cell survival, prolif-
eration and apoptosis (15). Activation of NF-kB mediates cell
survival signals in most tumor cells, acting simultaneously as
a pro-apoptotic factor under certain conditions (4,5). Results
in the present study have shown that NF-xkB was activated
by oridonin in a dose-dependent manner, while the p65
translocated to the nucleus in the oridonin-treated group,
especially in the typically apoptotic OCIM?2 cells, indicating
that NF-xB promoted apoptosis in this study. Furthermore,
oridonin treatment with varying concentrations was found to
have upregulated the Bax expression, in accordance with the
increasing NF-«B level.

Members of the Bcl-2 family, such as Bax, being one of
the target genes of NF-kB are crucial in the mitochondria
pathway. The pro-apoptotic member Bax translocated to the
mitochondria and integrated into the outer mitochondrial
membrane, facilitating the release of cytochrome ¢ into
the cytosol (16) and activating caspase-9, and subsequently
cleaving and activating downstream effector proteases, such
as caspase-3, resulting in apoptosis. In particular, caspase-3
has been shown to have a pivotal role in the terminal and
execution phases of apoptosis induced by diverse stimuli
(17). To elucidate whether Bax was involved in oridonin-
induced apoptosis, caspase-9 expression and its downstream
caspase were detected in oridonin-treated OCIM?2 cells. The
present study indicated that oridonin treatment with varying
concentrations cleaved and activated caspase-9. Subsequently,
caspase-3 was activated with an increase in the cleaved
caspase-3 protein, and a decrease in the protein levels of
the pro-caspase-3 form. In addition, western blot analysis
demonstrated that the pro-caspase-6 decreased, thus oridonin
activated caspase-6. However, most of the p65 was found to
have been retained in the cytoplasm, possibly generating a
markedly higher resistance to oridonin in OCIM2 cells.

Transport receptors recognizing nuclear import (NLS) or
export signals (NES) on the cargo proteins are vital for the
nucleocytoplasmic protein-transporting (6), while distinct
nucleoporins determine substrate specificity. Previous reports
identified anarrower specificity of Nup214 compared to
CRMI-dependent export (18,19). A study on Drosophila
demonstrated that Drosophila members Only (mbo), an
ortholog of Nup88, selectively regulated the nuclear transloca-
tion or export of dorsal, a member of the Rel protein family
(20-22). Results in the present study showed that oridonin
downregulated Nup214 and Nup88 at the gene and protein
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levels. As a result of the decreased Nup214 and Nup88, p65
did not translocate into the nucleus, since the nucleocyto-
plasmic transporting of p65 depended on Nup214 and Nup88.
These results suggest that the downregulation of Nup214 and
Nup88 protects OCIM2 cells by regulating the nucleocyto-
plasmic transport of p65.
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