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Karyopherin a2 induces apoptosis in tongue squamous
cell carcinoma CAL-27 cells through the p53 pathway
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Abstract. Tumor onset and progression are associated with
dysfunction of the nuclear transport machinery at the level of
import and export receptors. However, the role of Karyopherin
02 (KPNA2) in human tongue squamous cell carcinoma
(TSCC) remains unknown. We assessed the proliferation,
apoptosis and migration of TSCC CAL-27 cells using wound
healing, Transwell and MTT assays, western blotting, electron
microscopy and acridine orange/ethidium bromide staining
following knockdown of KPNA2. The results revealed the
antiproliferative, proapoptotic and anti-migratory effects
of KPNAZ2 silencing on the TSCC CAL-27 cells. Moreover,
the knockdown of KPNA?2 proved to be accompanied by the
upregulation of active caspase-3, cytochrome ¢, Bax, Bad and
decreased expression of Bcl-2, p-Bad and XIAP. KPNA2
activated the caspase-dependent pathway in the CAL-27 cells
with upregulation of p53, p21€P"Wafl and p16™%42, Thus, the
present study demonstrated that p53/p21¢PY/Wall/p16!NK4 may
be an important pathway involved in the function of KPNA2
in TSCC CAL-27 cells.

Introduction

Tongue squamous cell carcinoma (TSCC) is one type of
head and neck squamous cell carcinoma and remains one of
the top 10 leading cancers in the US (1). Despite the largely
improved surgical and medical management of patients with
TSCC, recurrence of the carcinoma remains one of the crucial
impediments in its treatment (2). The main reason for the high
mortality rate is the lack of diagnostic methods for early stage
detection and effective strategies for treatment. Therefore,
understanding the molecular pathogenesis and uncovering
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molecular biomarkers of TSCC would facilitate early detec-
tion and improve the survival of patients.

Karyopherin a2 (KPNA2), a member of the importin
o family, is thought to play an important role in nucleocy-
toplasmic transport (3-5). Recently, clinical studies have
demonstrated that KPNA?2 is upregulated in multiple malig-
nancies and is associated with an adverse outcome in affected
patients (6-12). The biological functions of KPNA2 have been
examined in various cancer cell lines; for example, overex-
pression of KPNA?2 in a benign breast cell line increased cell
colony formation ability and migration activity in a manner
similar to that found in malignant cells (13). KPNA?2 can also
enhance cell migratory ability and viability (13). Additionally,
knockdown of KPNA?2 inhibited the proliferation of cells
derived from prostate (12) and ovarian cancer (14). However,
the role of KPNA2 in TSCC disease progression remains
unclear. Although KPNA2 plays an important role in cancers,
limited information is available regarding factors that control
its expression. Therefore, the molecular mechanisms under-
lying knockdown of KPNA2 remain to be further elucidated.

In the present study, we reported that KPNA?2 knockdown
inhibited the growth and migration, and induced apoptosis of
TSCC, and the molecular mechanisms were found to be asso-
ciated with the enhancement of intracellular caspase-3 and
activation of the p53 signaling pathway. In brief, the results
of our study may provide greater insight into improving the
therapeutic efficacy of TSCC.

Materials and methods

Reagents. Antibodies for Bax and Bcl-2 were obtained from
Sangong Biotech (Shanghai, China). KPNA2, Bad, p-Bad,
cytochrome ¢ and p53 were purchased from Cell Signaling
Technology (Danvers, MA, USA), p21<P"¥afl was purchased
from BD Pharmingen (Franklin Lakes, NJ, USA), and p16™X4
was obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Other chemicals were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

CAL-27 cell culture. The TSCC CAL-27 cell line was provided
by the Department of Oral and Maxillofacial Surgery, The
Second Affiliated Hospital of Harbin Medical University
(Heilongjiang, China), and cultured in RPMI-1640 medium
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containing 10% (v/v) heat-inactivated fetal bovine serum
(FBS; Gibco, Grand Island, NY, USA) at 37°C in an incubator
containing humidified air with 5% (v/v) CO,.

RNA interference. The cells were transfected using the
Lipofectamine 2000 reagent (Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's instructions. A
pool of two sequence-validated and knockdown-warranted
KPNAZ2-siRNA were used: homo-1111, 5-GACUCAGGUUG
UGAUUGAUTT-3' and 5'-AUCAAUCACAACCUGAGUC
TT-3'; homo-1400, 5'-CCGUUGAUGAACCUCUUAATT-3'
and 5-UUAAGAGGUUCAUCAACGGTT-3' (GenePharma,
Shanghai, China). Commercial FAM-tagged, negative control
siRNAs (NC siRNAs), 5'-UCCUCCGAACGUGUCACG
UTT-3' and 5'-ACGUGACACGUUCGGAGAATT-3'
(GenePharma) were used as an efficiency control and as a
control for unspecific side-effects. Cell lysates were prepared
for western blotting 48 h after transfection to determine the
efficiency of gene expression ablation.

MTT cell proliferation and viability assay. An MTT assay
was carried out to evaluate the cell viability as previously
described (15). Cells (8x10°) were seeded onto 96-well plates
24 h before treatment with KPNA2-siRNA for 48 h using
Lipofectamine 2000. After 48 h, 15 ul (5 mg/ml) MTT
(Sigma-Aldrich) was added to each well, and the cells were
incubated for a further 4 h at 37°C. After incubation, 150 pl
dimethyl sulfoxide (DMSO) was added to dissolve the crys-
tals. The mixtures were shaken for 10-15 min to fully dissolve
the crystals. Absobance (A570) was measured using a Tecan
microplate reader, and cell viability was calculated as the
percentage change in A570 between the control and treated
cells.

Acridine orangelethidium bromide fluorescence staining.
The cells were incubated with acridine orange and ethidium
bromide (AO/EB) mixing solution for 5 min (Solarbio of
Biotechnology, Beijing, China; http://solarbio.en.alibaba.
com) (16). Cellular morphological changes were examined
using fluorescence microscopy (3200) at a magnification of
x200. The percentage of apoptotic cells was calculated by the
following formula: Apoptotic rate (%) = number of apoptotic
cells/number of all cells counted (17,18).

Western blot analysis. Total protein was extracted from the
CAL-27 cells for immunoblotting analysis. Protein samples
(80 ug of protein) were separated with 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
blotted to nitrocellulose membranes. After blocking, the
membranes were probed with Bcl-2 (1:1,000 dilution), Bax
(1:1,000 dilution), Bad (1:500 dilution), p-Bad (1:500 dilution),
cytochrome c (1:500 dilution), KPNA2 (1:1,000 dilution), XIAP
(1:500 dilution), p53 (1:500 dilution), p21¢P¥¥af (1:500 dilu-
tion), pl6™*4 (1:200 dilution) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; 1:1,000 dilution) antibodies incu-
bated overnight at 4°C. Infrared (IR) fluorescent dye-labeled
secondary antibody (Alexa Fluor; Molecular Probes, Eugene,
OR, USA; http://probes.invitrogen.com) was incubated with
the membrane for 1 h. Western blotting bands were collected
using an IR Imaging System (LI-COR Biosciences, Lincoln,
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NE, USA; http://www. licor.com), and the band density was
quantified using Odyssey 3.0 software for each group and
normalized to GAPDH.

Caspase-3 activity assay. A total of 5x10° cells were seeded
in 96-well cell culture plates. After a 48 h siRNA treatment,
apoptosis rates were measured based on the activation of
caspase-3 effectors using the caspase-3 activity assay kit
(Beyotime, China) according to the manufacturer's instruc-
tions. All samples were performed in triplicate.

Wound healing assay. CAL-27 cells were cultured in a 6-well
plate for 24 h. Wound healing assay was carried out by intro-
ducing a small linear scratch with a pipette tip. Then, the
cells in the each well were exposed to serum-free Dulbecco's
modified Eagle's medium (DMEM) containing the indicated
concentrations of KPNA2-siRNA for 48 h. The intervals after
the scratch in the cultured cells were photographed under a
phase-contrast microscope (magnification, x200) to monitor
the cell migration ability.

Transwell assay. Transwell assay was performed using a
Transwell chamber with pore size of 8.0 ym (Millipore,
Billerica, MA, USA). The cells were resuspended in serum-free
medium, and then planted into the upper chamber with 5%
CO, at 37°C. After treatment with KPNA2-siRNA for 48 h,
the cells in the upper chamber were removed, and the attached
cells in the lower section were stained with 0.1% crystal violet.
The migration rate was quantified by counting the migrating
cells in 6 random fields under a light microscope.

Data analysis. Data were obtained from 3 to 6 independent
experiments and are presented as the mean + standard devia-
tion. Data were evaluated by the unpaired Student's t-test, and
P<0.05 was considered to represent a significant difference.

Results

KPNA?2 knockdown suppresses the viability of CAL-27 cells.
Successful transfection of KPNA2-siRNA was verified by our
data shown in Fig. 1A and B. Western blotting showed that the
KPNAZ2 protein level was decreased (Fig. 1A and B). Fig. 1C
shows that the viability of the CAL-27 cells transfected with
KPNA2-siRNA was reduced by 58.1+6.8%.

KPNA?2 knockdown induces the apoptosis of CAL-27 cells.
To assess whether increased apoptosis was involved in the
significant decrease in cell viability following KPNA?2 knock-
down, AO/EB staining and electron microscopy were used
to detect apoptotic cells. The results from our fluorescence
microscopic analysis are shown in Fig. 2A. Three types of
cells were recognized under a fluorescence microscope: live
cells (green), apoptotic cells (yellow) and necrotic cells (red).
Forced expression following KPNA2 knockdown induced
substantial apoptotic cells (P<0.05), while the empty vector
failed to do so. Under an electron microscope, the cells with
KPNA?2 knockdown exhibited robust changes in micro-
structure, including cell surface microvilli reduction, nuclear
chromatin condensation, margination and membrane blis-
tering (Fig. 2B).
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Figure 1. KPNA2 knockdown inhibits the survival of CAL-27 cells. Cal-27 cells were transfected with KPNA2-directed siRNA. NC (negative control)
represents empty vectors (1 ug/ml of pc-DNA3.1 plasmid) transfected into CAL-27 cells. (A) KPNA2 expression was determined by western blot analysis.
(B) Average band density from three independent experiments. (C) Relative cell viability determined by the MTT assay. "P<0.05 compared with the control,

n=6 independent experiments for each condition.
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KPNA2 knockdown inhibits the migration of CAL-27 cells. In
addition to cellular proliferation, we also examined the effect
of KPNA2 on the migration activity of CAL-27 cells. The
wound healing assay in vitro was carried out to determine the
cell migration ability of the CAL-27 cells in the absence and
presence of KPNA2 knockdown. Fig. 3A shows the quanti-
fied wound closure in the CAL-27 cells after KPNA2-siRNA
treatment. Wound closure was reduced in the KPNA2-siRNA-
treated CAL-27 cells at 48 h after wounding, compared with
the rate of closure of the control group. Moreover, Transwell
migration assay was also performed in the CAL-27 cells after
KPNAZ2-siRNA treatment. In agreement with the wound
healing assay, treatment with KPNA2-siRNA produced a

Figure 2. (A) KPNA2 knockdown induces apoptosis in CAL-27 cells.
Acridine orange/ethidium bromide (AO/EB) staining to detect changes in
the nucleus. Red arrows indicate apoptotic cells. (B) Micromorphological
changes in cellular organelles examined by transmission electron microscopy.
Scale bars, 2 mm. Statistical bar graph of apoptotic cells by AO/EB staining.
Arrows indicate apoptotic cells. The data are expressed as means + SEM, n=3
for each group; "P<0.05 vs. control.

reduction in the number of migrated cells (Fig. 3B). These data
demonstrated that KPNA2 induced the suppression of migra-
tion of the CAL-27 cells.

KPNA?2 knockdown activates caspase-dependent proapoptotic
signaling pathways. To explore the mechanisms by which
KPNAZ2 knockdown induces apoptosis in CAL-27 cells, we
measured the downstream proteins of the KPNA?2 apoptotic
pathway, including Bax, Bcl-2, Bad, p-Bad cytochrome ¢ and
XIAP. Silencing of KPNA?2 upregulated Bad, cytochrome ¢ and
Bax, and downregulated p-Bad and Bcl-2 expression (Fig. 4A, B
and D). Knockdown of KPNA?2 decreased XIAP protein expres-
sion, which acts as a vital anti-apoptotic protein (Fig. 4E),
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Figure 3. Effect of KPNA2 siRNA on the proliferation and migration of CAL-27 cells. (A) KPNA2 siRNA inhibited the proliferation of CAL-27 cells by
wound healing assay. (B) Transwell assay indicated that the migration of CAL-27 cells was obviously inhibited by KPNA2 siRNA; "P<0.05 vs. control.
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Figure 4. KPNA2 knockdown alters p-Bad, Bad, Bax, Bcl-2 cytochrome ¢ and XIAP expression, and promotes caspase-3 activation. Western blotting was used
to detect (A) Bax, Bcl-2, (B) p-Bad, Bad, (D) cytochrome ¢ and (E) XIAP expression in the CAL-27 cells transfected with KPNA2. Relative expression of
Bax, Bcl-2, p-Bad, Bad and XIAP was normalized to GAPDH. n=3 independent experiments for each group. (C) Activation of caspase-3 by KPNA2-directed
siRNA. The data are expressed as mean = SEM, similar results were observed from another three experiments; “P<0.05 compared with the control.

while the empty vector did not affect the above proteins. In  Knockdown of KPNA2 decreases expression of p53,

addition, relative caspase-3 activity was significantly increased
by 2.2-fold due to KPNA2-siRNA transfection, but no obvious
change was noted with the NC (Fig. 4C).

p21°PVf apd pl16'™5* jn CAL-27 cells. To further explore
the mechanisms associated with KPNA2 knockdown, the
expression of p53, p21°PYWall and p16™%** at the protein level



ONCOLOGY REPORTS 35: 3357-3362, 2016

A B

P53 aess & @ 53 kDa

GAPDH = smer e 37 kDa GAPDH e essss s 37 kDa

p21 - gwet @® 21 kDa

3
x F2
[
‘s w B 2
3 E s <] zé
- T 2y,
¢ & 25
= o2
E18 1 28 M
e 1
£ o
0 0.0
Control NC KPNAZ2 si Control

3361

GAPDH s e 37 kDa

[

*

(]

-

Relative level of
p16'MR42 protein

-3

NC KPNAZ si Control NC KPNAZ si

Figure 5. KPNA?2 knockdown induces the expression of p53, p21€P/™afl and p16™NK4 in CAL-27 cells. (A) p33, (B) p21°P/¥! and (C) p16™¥%* protein levels.
The data are expressed as mean = SEM, n=3 for each group. “P<0.05 compared with the control. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; KD,

kilodalton.

was demonstrated to be markedly upregulated in the CAL-27
cells. Knockdown of KPNA2 caused an aberrant upregulation
of p53 (Fig. 5A), p21€P/Wafl (Fig. 5B) and p16™¥* (Fig. 5C).
These observations showed that p53/p21°P!/Wafl/p] 6'NK42 has an
important role in KPNA2-induced apoptosis in CAL-27 cells.

Discussion

In the present study, we suggest that knockdown of KPNA2 has
a potent antiproliferative effect on CAL-27 cells by inducing
apoptosis in vitro. We further elucidated that activation of both
caspase-3-dependent and p53-dependent pathways are impor-
tant mechanisms associated with KPNA2-induced apoptosis.
Therefore, the present study may provide a new pathway into
the clinical role of KPNA2 in TSSC.

Previous studies have shown that KPNA?2 takes part in
anticancer activities (6-12,19-21) and its alteration is often asso-
ciated with an adverse outcome for breast carcinomas (7-9),
esophageal (10), lung (11), prostate (12), brain (21) and ovarian
cancer (19,20). However, the impact of KPNA2 on the growth
and apoptosis of TSSC remains unknown.

The present study showed the antiproliferative, proapop-
totic and anti-migratory effects of KPNA2 on tongue squamous
cell carcinoma (TSCC) cells. We found that KPNA2-siRNA
significantly inhibited the growth of CAL-27 cells. AO/EB
staining displayed the apoptotic nuclear changes in CAL-27
cells. These findings confirmed that the inhibition of KPNA2
was able to cause apoptosis of TSCC cells. We further tested
whether the KPNA2-siRNA led to the inhibition of migration in
CAL-27 cells. The results confirmed that KPNA2-knockdown
was able to inhibit the migration of TSCC cells.

Then, several assays were carried out to understand the
molecular mechanism underlying the antitumor effects of
KPNA?2 knockdown on TSCC. Several studies have reported
that Bax, Bcl-2 and caspase-3 are the key molecules partici-
pating in the apoptosis in CAL-27 cells. Chloroform extracts
of Solanum lyratum induced apoptosis by upregulating Bax
protein expression and caspase-3 activity and downregulating
Bcl-2 expression in CAL-27 cells (22). The AKT serine/threo-
nine protein kinase modulates bufalin-triggered intrinsically
induced apoptosis in CAL-27 cells by upregulating Bax and
caspase-3 expression and downregulating Bcl-2 (23). The

above results are consistent with our findings that KPNA2
induces apoptosis by regulating Bcl-2 and Bax, and activates
caspase-3 expression in CAL-27 cells. We observed that the
ratio of Bcl-2/Bax was significantly decreased, indicating that
KPNA2 knockdown induced apoptosis in the CAL-27 cells. In
addition, Bad, a member of the Bcl-2 family, normally binds
to the Bcl-2/Bcl-X complex and triggers apoptosis (24). Bad
was downregulated, while levels of p-Bad and XIAP were
elevated following KPNA?2 knockdown. XIAP interacts with
caspase-3 to block its full activation, substrate cleavage and
cell death (25). Furthermore, Bax and Bad activate caspase-3.
These data confirm that caspase-3-dependent apoptotic
signaling plays a critical role in the anticancer activity of
KPNA?2 knockdown.

The p53 signaling pathway is also pivotal in apop-
tosis (26,27), such as the tissue dependent interactions between
p53 and bel-2 invivo (28). Adenoviral-mediated p53 overexpres-
sion diversely influences the cell cycle of HepG2 and CAL-27
cell lines upon cisplatin and methotrexate treatment (29). An
indirubin derivative, indirubin-3'-monoxime, induced apop-
tosis in oral cancer tumorigenesis through caspase-3 activity
and upregulation of p53 expression in CAL-27 cells (30). Our
research showed that caspase-3 activity was increased after
KPNA?2 knockdown. We demonstrated that KPNA?2 is able to
induce apoptosis in CAL-27 cells, and this effect appears to
be mediated by anti-p53/p21°PYWafl/p16™NK4 In our results, we
observed that the expression of p53 protein in CAL-27 cells
was significantly higher than that noted in the control group
(P<0.05), as was the expression of p21°P/Wafl apd pleINKs
protein (P<0.05). We observed that KPNA?2 resulted in the
p53/p21€iP/Wall/n16INK4 from the mitochondria to apoptosis,
suggesting that the p53/p21¢P/Wafl/p16NK4 signaling pathway
is involved in apoptosis induced by KPNA?2.

In conclusion, the present study demonstrated that
KPNAZ2 knockdown inhibited the proliferation and migra-
tion, and promoted the apoptosis of TSCC cells, which is
associated with increased intracellular caspase-3 and activa-
tion of p53/p21¢iP/Wall/p16!NK4% protein. However, the present
study does not rule out the potential participation of other
factors/pathways as mechanisms for the KPNA2-knockdown
apoptotic effects in CAL-27 cells. The present study suggests
KPNAZ2 as a new therapeutic agent for TSCC.
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