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Gigantol inhibits cell proliferation and induces apoptosis
by regulating DEK in non-small cell lung cancer
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Abstract. Non-small cell lung cancer (NSCLC) is a common
type of cancer, with a mortality of >80% worldwide. Gigantol
is a bibenzyl compound that displays anticancer activity.
The aim of the present study was to determine the biological
activity of gigantol in NSCLC and to elucidate the underlying
molecular mechanism of its action. The expression of DEK
proto-oncogene (DEK) was measured in NSCLC tissues
and cell lines by reverse transcription-quantitative PCR
(RT-gqPCR). The results suggested that DEK levels were signif-
icantly increased in NSCLC tissues and cell lines compared
with adjacent non-tumor tissues and BEAS-2B normal bron-
chial epithelial cells, respectively. A549 cells were exposed to
a series of gigantol concentrations (0, 25, 50 and 100 M) and
transfected with DEK small interfering RNA. The results of
cell viability measured by MTT assay indicated that gigantol
significantly decreased cell viability. Additionally, cell prolif-
eration was assessed by CCK-8 and apoptosis was measured by
flow cytometry. In comparison with the control group, gigantol
treatment inhibited cell proliferation and promoted apop-
tosis, whereas DEK knockdown increased gigantol-induced
suppression of proliferation and acceleration of apoptosis.
Additionally, DEK overexpression reversed gigantol-induced
effects on proliferation and apoptosis. Moreover, compared
with the control group, gigantol treatment decreased Ki-67
and Bcl-2 expression levels, increased Bax expression levels
and inactivated the Wnt/B-catenin signaling pathway, as
assessed by RT-qPCR and/or western blot. DEK knockdown
further increased gigantol-induced effects, but DEK overex-
pression reversed gigantol-induced effects. To conclude, the
results of the present study suggested that gigantol inhibited
cell proliferation and induced apoptosis by decreasing Ki-67
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and Bcl-2 expression, increasing Bax expression and activating
the Wnt/B-catenin signaling pathway by regulating DEK. The
present study indicated the therapeutic potential of gigantol in
patients with NSCLC. In addition, DEK may serve as a novel
therapeutic target to enhance the effects of gigantol treatment.

Introduction

Lung cancer has the highest mortality rate among all types of
cancer worldwide (1); ~85% of lung cancer cases are non-small
cell lung cancer (NSCLC), which has a 5-year survival rate
of <20% (2). The majority of patients with NSCLC are diag-
nosed at advanced stages owing to a lack of effective screening
and delayed symptom presentation. Surgery is also not an effec-
tive therapeutic strategy (3). With an increased understanding
of molecular genetics, directed molecular targeted therapy
has proven to be helpful for improving clinical outcomes (4).
Despite the identification of several biomarkers for patient
diagnosis and prognosis, elucidating additional biomarkers to
further improve therapeutic effects is important.

Gigantol is a bibenzyl compound extracted from the Thai
orchid, Dendrobium draconis (5).In China, gigantol is an active
ingredient commonly extracted from Dendrobium officinale,
which is a valuable Chinese herbal medicine (6,7). Plants of
the Dendrobium genus have been reported to display immu-
nomodulatory, neuroprotective, antioxidant and antitumor
effects (8). Similarly, it has been reported that gigantol has
anti-inflammation (9), antioxidant (10), antiplatelet aggrega-
tion (11) and anticancer effects (5). Furthermore, gigantol has
been indicated to inhibit aldose reductase, which may result
in diabetic cataract prevention (12,13). The anticancer activity
of gigantol has been previously reported in several types of
human cancer, including breast (14), liver (15) and lung (16)
cancer. For example, in patients with NSCLC, a previous
study revealed that gigantol inhibits metastasis (17). However,
the effects of gigantol on cell proliferation and apoptosis, as
well as its underlying molecular mechanism of action are not
completely understood.

DEK proto-oncogene (DEK) was initially discovered in a
subtype of acute myelogenous leukemia, in which the DEK
nucleoporin 214 genes were fused (18). The DEK architectural
protein is present in the chromatin of multicellular organ-
isms (19). DEK has two functional DNA binding domains: One
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is equivalent to the SAP/scaffold attachment factor box and
the other overlaps with a di- or multimerization domain (20).
To date, it has been revealed that DEK is involved in the
tumorigenesis of human cancer by regulating DNA repair,
cell differentiation, senescence and apoptosis (21). A previous
study suggested that DEK serves a crucial role in tumor
progression and also functions as a prognostic biomarker of
NSCLC (22). However, the relationship between gigantol and
DEK is not completely understood.

The biological function of gigantol in NSCLC and its
underlying molecular mechanism were assessed in the present
study. The results indicated that gigantol suppressed prolifera-
tion and enhanced apoptosis compared with the control group.
Additionally, DEK gene expression was significantly decreased
following gigantol treatment compared with the control group,
and DEK knockdown enhanced gigantol-induced effects on
proliferation and apoptosis. Therefore, gigantol may serve as
a useful therapeutic agent and DEK may serve as a target of
gigantol in patients with NSCLC.

Materials and methods

Patients and tissues. A total of 30 paired fresh tumor tissues
and adjacent non-tumor tissues 5 mm away from tumor tissues
were collected from patients with NSCLC who underwent
surgery at Baoji Traditional Chinese Medicine Hospital
(Baoji, China) between January and December 2018. The
patients included 18 males and 12 females, with a mean age of
56.77 years (range, 44-70 years). Tissue samples were frozen in
liquid nitrogen after resection and subsequently stored at -80°C
until further use. Written informed consent was obtained from
each participant. The present study was approved by the Ethics
Committee of Baoji Traditional Chinese Medicine Hospital
(approval reference no. 201801001).

Cell culture. NSCLC cell lines (H1299, HCC827, H1650 and
AS549) and the human normal bronchial epithelial cell line
(BEAS-2B) were purchased from the American Type Culture
Collection. Cells were maintained in RPMI-1640 medium
(Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(HyClone; Cytiva), 100 U/ml penicillin and 100 pg/ml strep-
tomycin (Beyotime Institute of Biotechnology) at 37°C with
5% CO,.

Cell viability. Gigantol (4-[2-(4-Hydroxy-3-methoxyphenyl)
ethyl]-2,6-dimethoxy-phenol; purity =98%) was purchased
from Chroma Biotechnology Co., Ltd. An MTT assay
(Beyotime Institute of Biotechnology) was subsequently
performed to detect cell viability. Briefly, cells (2x10° cell/well)
were seeded into a 96-well plate and exposed to various
concentrations of gigantol (0, 25, 50 and 100 M) for 24 h
at 37°C. Subsequently, 10 ul MTT was added to each well
and incubated at 37°C for 4 h. Following incubation, 100 pl
formazan solving liquid was added to each well until samples
were completely dissolved. The optical density of each well
was measured at a wavelength of 570 nM using a microplate
reader (Bio-Rad Laboratories, Inc.).

Cell transfection. A549 cells were seeded (5x10* cells/well) into
96-well plates and cultured in complete medium containing a

series of gigantol concentrations (0, 25, 50 and 100 M) at
37°C for 24 h. Following treatment, cells were transfected with
50 nM DEK small interfering (si)RNA-1 (5'-UGUCCUCAU
UAAAGAAGAA-3"), 50 nM DEK siRNA-2 (5'-CCUUCU
GGCAAACCAUUGCCGAAAU-3"), 50 nM non-targeting
siRNA negative control (siRNA-NC; 5-UUCUCCGAACGU
GUCACGUTT-3"), 10 g pcDNA3.1 or 10 ug pcDNA3.1-DEK
(all from Invitrogen; Thermo Fisher Scientific, Inc.) using
Lipofectamine® 2000 (Invitrogen, Thermo Fisher Scientific,
Inc.). At 48 h post-transfection, cells were used for subsequent
experiments.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from tissue specimens and A549 cells
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). After assessing RNA integrity, total RNA was reverse
transcribed into cDNA using the FastKing RT kit (Tiangen
Biotech Co., Ltd.). The RT conditions were as follows:
42°C for 15 min and 95°C for 3 min before chilling on ice.
Subsequently, qPCR was performed using FastFire qPCR
PreMix (SYBR Green; Tiangen Biotech Co., Ltd.) and the ABI
PRISM 7500 Real-Time PCR System (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The following thermocycling
conditions were used for qPCR: Initial denaturation at 95°C
for 1 min; followed by 40 cycles of denaturation at 95°C for 5
sec and annealing/extension at 60°C for 10 sec. The following
primers were used for gPCR: DEK forward (F), 5'-CCGAGA
AAGAACCCGAAATGC-3' and reverse (R), 5'-GTGCCT
GGCCTGTTGTAAAGC-3'; Ki-67 F, 5~ ACTGCAGCAGAT
GGAACTAGG-3' and R, 5~AGAACAGTAGCGTGATGT
TTGG-3"; Bcl-2 F, 5“TCATGAAATATGCATCTCACTGG-3'
and R, 5“~AAATGCAATCCACTGTCACTCTT-3"; Bax F,
5-AGGGTTTCATCCAGGATCGAG-3' and R, 5-CACTCG
CTCAGCTTCTTGGT-3"; and GAPDH F, 5-ATGTCGTGG
AGTCTACTGGC-3' and R, 5“TGACCTTGCCCACAGCCT
TG-3'. mRNA expression levels were quantified using the
2-4A% method (23) and normalized to the internal reference
gene GAPDH.

Western blotting. Total protein was extracted from tissue
samples and transfected cells using pre-cooled RIPA lysis
buffer (Beyotime Institute of Biotechnology). The BCA
Protein Assay kit (Beyotime Institute of Biotechnology) was
used to determine the concentration of total protein. Proteins
(30 ug) were separated via 10% SDS-PAGE and transferred
onto PVDF membranes (Thermo Fisher Scientific, Inc.). After
blocking with 5% skim milk at room temperature for 1 h, the
membranes were incubated at 4°C overnight with the following
primary antibodies (all purchased from Abcam): Anti-DEK
(cat. no. ab166624; 1:1,000), anti-Ki-67 (cat. no. ab92742;
1:5,000), anti-Bcl-2 (cat. no. ab182858; 1:2,000), anti-Bax
(cat. no. ab53154; 1:1,000) anti-Wntl10b (cat. no. ab70816;
1:500), anti-B-catenin (cat. no. ab6302; 1:4,000) and
anti-GAPDH (cat. no. ab9485; 1:2,500). Following primary
incubation, the membranes were incubated with a horse-
radish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (cat. no. ab205718; 1:2,000; Abcam) for 1 h at room
temperature. Protein bands were visualized using the EasyBlot
ECL kit (Sangon Biotech, Co., Ltd.). Protein expression levels
were semi-quantified using Image J software (version 1.48U;
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Figure 1. DEK expression is upregulated in NSCLC tissues and cells. (A) DEK mRNA and protein expression levels were measured in 30 paired tumor
and adjacent non-tumor tissues by RT-qPCR and western blotting, respectively. “P<0.01 vs. control. (B) DEK mRNA and protein expression levels were
also measured in NSCLC cell lines (A549, H1299, HCC827 and H1650) and a normal bronchial epithelial cell line (BEAS-2B) by RT-qPCR and western
blotting, respectively. Data are presented as the mean + SEM. ""P<0.01 vs. BEAS-2B. DEK, DEK proto-oncogene; NSCLC, non-small cell lung cancer;

RT-qPCR, reverse transcription-quantitative PCR.

National Institutes of Health) with GAPDH as the loading
control.

Cell proliferation assay. Cell proliferation was assessed using
the Cell Counting Kit-8 (CCK-8) assay (MedChemExpress)
following the manufacturer's protocol. Cells were seeded
(1x10* cells/well) into 96-well plates and incubated at 37°C
with 5% CO,. for 0, 12, 24 and 48 h. Subsequently, CCK-8
reagent (10 ul) was added to each well at 37°C with 5% CO,
for 4 h. Absorbance was measured at a wavelength of 450 nM
using a microplate reader (Bio-Rad Laboratories, Inc.).

Apoptosis assay. Apoptosis was assessed using the Annexin V
Apoptosis Detection Kit FITC (Sangon Biotech Co., Ltd.).
Transfected cells were resuspended in binding buffer at a
density of 2x10° cells/ml. Following incubation with 5 ul
Annexin V-FITC and 10 yl PI for 15 min at room tempera-
ture in the dark, flow cytometry was performed. Early and
late apoptotic cells were analyzed using the CytoFLEX flow
cytometer (Beckman Coulter, Inc.) carrying CellQuest Pro
software (version 5.1; BD Biosciences).

Statistical analysis. Each experiment was repeated at least
three times. Statistical analyses were performed using
GraphPad Prism software (version 6.0; GraphPad Software,
Inc.). Data are presented as the mean + SEM. Comparisons
between two unrelated groups were analyzed using unpaired
Student's t-test. However, comparisons between tumor
tissues and adjacent normal tissues used paired Student's
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Figure 2. Effect of gigantol on cell cytotoxicity. A549 cells were exposed
to various concentrations of gigantol (0, 25, 50 and 100 xM) for 24 h.
Subsequently, cell viability was determined by performing an MTT assay.
Data are presented as the mean = SEM. “P<0.01 vs. 0 uM.

t-test. Comparisons among multiple groups were analyzed
using one-way ANOVA followed by Tukey's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

DEK expression levels are increased in NSCLC. To determine
the function of DEK in NSCLC, mRNA and protein expres-
sion levels in tissues and cells were first assessed by RT-qPCR
and western blotting, respectively. The results indicated that
DEK expression was significantly upregulated in tumor
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Figure 3. Gigantol decreases DEK expression levels in A549 non-small cell lung cancer cells. (A) DEK mRNA and (B) DEK protein expression levels were
detected measured by reverse transcription-quantitative PCR and western blotting, respectively. Data are presented as the mean + SEM. “P<0.01 vs. control.

DEK, DEK proto-oncogene.

tissues compared with the paired adjacent non-tumor tissue
control group (P<0.01; Fig. 1A). Additionally, compared with
BEAS-2B cells, DEK expression levels were significantly
increased in NSCLC cell lines (P<0.01; Fig. 1B), most notably
in A549 cells. Therefore, A549 cells were used in subsequent
experiments.

Cytotoxicity of gigantol in A549 cells. To determine the cyto-
toxicity of gigantol, A549 cells were exposed to a series of
gigantol concentrations (0, 25, 50 and 100 xM). Subsequently,
cell viability was analyzed by performing an MTT assay.
The results indicated that gigantol decreased cell viability in
a dose-dependent manner (Fig. 2). Compared with the 0 xM
group, only 50 and 100 xM gigantol significantly decreased
cell viability (P<0.01). However, there was no significant
difference between the 0 and 25 yM groups. Therefore,
the non-toxic concentration of 25 uM was used for further
experiments.

Gigantol regulates DEK expression in A549 cells. To inves-
tigate whether gigantol influenced DEK, the expression of
DEK was assessed in gigantol-treated cells. The results
suggested that DEK mRNA and protein expression levels
were significantly decreased by gigantol treatment compared
with the untreated control group (P<0.01; Fig. 3A and B,
respectively).

DEK knockdown enhances gigantol-mediated inhibition
of proliferation and increases gigantol-induced apoptosis.
To evaluate the role of DEK in gigantol-treated cells, A549
cells were transfected with DEK siRNA. The transfection
efficiency of two DEK siRNAs were determined, which
demonstrated that DEK mRNA and protein expression
levels were significantly downregulated by DEK knock-
down compared with the siRNA-NC group (both P<0.01;
Fig. 4A and B), particularly in the DEK siRNA-2 group.
Cell proliferation and apoptosis were subsequently analyzed
by performing CCK-8 and flow cytometry assays, respec-
tively. Compared with the control group, cell proliferation
was significantly inhibited by gigantol (P<0.01) and further
suppressed by DEK knockdown (P<0.01; Fig. 4C). Moreover,
apoptosis was significantly increased in the gigantol group
compared with the control group (P<0.01). Gigantol-induced
apoptosis was not affected by siRNA-NC transfection, but

was significantly increased following DEK siRNA-2 trans-
fection (P<0.01; Fig. 4D and E).

DEK overexpression promotes cell proliferation and
suppresses apoptosis in gigantol-treated cells. A549 cells
were transfected with pcDNA3.1-DEK overexpression vector
and transfection efficiency was measured by RT-qPCR and
western blotting. The results indicated that DEK mRNA
and protein expression levels were significantly upregulated
by pcDNA3.1-DEK compared with pcDNA3.1 empty vector
transfection (P<0.01; Fig. 5A and B). Moreover, compared
with the gigantol + pcDNA3.1 group, DEK overexpression
significantly enhanced cell proliferation in gigantol-treated
cells (P<0.01; Fig. 5C). By contrast, gigantol-induced apop-
tosis was decreased by DEK overexpression, compared with
pcDNA3.1 (P<0.01; Fig. 5D and E).

Gigantol suppresses Ki-67 and Bcl-2 expression, increases
Bax expression and inactivates the Wnt/3-catenin signaling
pathway by regulating DEK. The expression levels of Ki-67 (a
proliferation marker) and apoptosis-related factors Bcl-2 and
Bax were assessed. Compared with the control group, gigantol
significantly reduced Ki-67 and Bcl-2 mRNA expression
levels, but increased Bax mRNA expression levels (all P<0.01;
Fig. 6A-C, respectively). DEK knockdown enhanced the
effects of gigantol on the expression levels of Ki-67, Bcl-2 and
Bax (P<0.01). Similar effects were observed for Ki-67, Bcl-2
and Bax protein expression levels (P<0.01, Fig. 6D and E). In
addition, the expression levels of Wntl0b and (3-catenin were
significantly decreased following gigantol treatment compared
with the control group (P<0.01), and DEK knockdown increased
gigantol-mediated downregulation (P<0.01; Fig. 6D and E).

DEK overexpression promotes gigantol-mediated effects on
increasing Ki-67 and Bcl-2 expression levels, decreasing Bax
expression levels and activating the Wnt/3-catenin signaling
pathway. RT-qPCR and western blotting results indicated that
the mRNA and protein expression levels of Ki-67 and Bcl-2
were significantly increased (P<0.01), but Bax expression levels
were significantly decreased (P<0.01) by pcDNA3.1-DEK
in gigantol-treated A549 cells (Fig. 7A-E). Additionally,
gigantol-induced protein expression levels of WntlOb and
[-catenin were significantly increased by DEK overexpression
(P<0.01; Fig. 7D and E).
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Figure 4. Gigantol inhibits cell proliferation and may promotes apoptosis by regulating DEK. Following transfection with siRNA-NC, DEK siRNA-1 and
DEK siRNA-2, transfection efficiency was detected by (A) reverse transcription-quantitative PCR and (B) western blotting. A459 cells were transfected with
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Cell Counting Kit-8 assay. “P<0.01 vs. control. (D) Flow cytometry was performed to evaluate apoptosis. (E) The rate of apoptosis was quantified. Data are
presented as the mean = SEM. “P<0.01 and ”"P<0.01. DEK, DEK proto-oncogene; OD, optical density; siRNA, small interfering RNA.

Discussion

Results from the present study demonstrated that DEK
expression levels were increased in NSCLC tissues and cells
compared with adjacent non-tumor tissues and BEAS-2B
cells, respectively. Gigantol treatment inhibited NSCLC cell
proliferation and induced apoptosis compared with the control.
Furthermore, DEK knockdown enhanced gigantol-mediated
inhibition of cell proliferation and promotion of apoptosis.
Therefore, gigantol may serve as a potential therapeutic agent
through regulating DEK expression for the trepary of NSCLC.

DEK has been identified as an oncogene that regulates
cellular processes in many types of cancer. For example,
decreased DEK expression inhibited cell proliferation, induced

apoptosis and blocked the cell cycle at the G,/G, phase in astro-
cytic tumors (24). Furthermore, DEK overexpression induces
the epithelial-mesenchymal transition (EMT) process in osteo-
sarcoma cells (25). Additionally, miR-1292-5p inhibits gastric
carcinoma cell proliferation, migration and invasion through
suppressing DEK, suggesting DEK is an oncogene (26). DEK
is also a prognosis factor in gastric cancer (27), colorectal
cancer (28) and NSCLC (22). Moreover, in lung cancer, DEK
was highly expressed in tumor tissues, which promoted cell
proliferation and invasion (29). Results from the present study
demonstrated that DEK expression levels were increased in
NSCLC tissues and cells compared with adjacent non-tumor
tissues and BEAS-2B cells, respectively, which was consis-
tent with previous studies (22,29).
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transcription-quantitative PCR was performed to measure the mRNA expression levels of (A) Ki-67, (B) Bcl-2 and (C) Bax. (D) Protein expression
levels of Ki-67, Bcl-2, Bax, Wntl0b and [3-catenin were determined by western blotting and (E) semi-quantified. Data are presented as the mean + SEM.

“P<0.01 vs. gigantol + pcDNA3.1. DEK, DEK proto-oncogene.

Gigantol exhibits anticancer activities that regulate
cellular processes in various types of human cancer (14-17).
A number of studies have investigated the function of gigantol
in lung cancer. For example, gigantol suppressed stem-like
malignancy phenotypes of lung cancer cells, reducing
anchorage-independent growth and the ability to form
tumor spheroids (30). Additionally, gigantol inhibited EMT
processes in H460 NSCLC cells (16,31). Furthermore, gigantol
suppressed NSCLC cell migration and invasion (17). In the
present study, the effects of gigantol on NSCLC cell prolifera-
tion and apoptosis, and its underlying molecular mechanisms
were assessed. The results showed that gigantol attenuated
cell viability and decreased DEK expression levels in A549
cells compared with the control group. Additionally, DEK
knockdown by siRNA enhanced gigantol-induced inhibition
of proliferation, as well as gigantol-induced apoptosis. The
results suggested that gigantol may inhibit proliferation and
induced apoptosis by suppressing DEK expression in NSCLC.

Ki-67 is present in proliferating cells and is therefore
used to determine the proportion of proliferating cells in
tumors (32). Bax is a proapoptotic factor of the Bcl-2 family,
of which Bcl-2 is also an apoptosis-related factor (33).
A previous study demonstrated that DEK knockdown
downregulated Bcl-2 expression and upregulated Bax
expression (34). High DEK expression was also associated
with increased Ki-67 expression (34). The Wnt/pB-catenin
signaling pathway serves a pivotal role in NSCLC
tumorigenesis, prognosis and resistance to therapy (35).
A previous study reported that DEK promoted prolifera-
tion and P-catenin activity by regulating Wnt10b in breast
cancer (36). In the present study, compared with the control
group, gigantol reduced Ki-67, Bcl-2, Wnt10b and B-catenin
expression levels, and increased Bax expression levels.
Additionally, DEK siRNA-mediated knockdown enhanced
these gigantol-induced effects. Collectively, the results indi-
cated that gigantol suppressed decreased Ki-67 and Bcl-2
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expression levels, promoted increased Bax expression levels and
inactivated the Wnt/p3-catenin signaling pathway possibly by
regulating DEK.

The present study had a number of limitations. Firstly, only
one NSCLC cell line was selected to explore the role of DEK.
Secondly, the in vitro results were not verified in vivo. Therefore,
further investigation is required.

In conclusion, the present study indicated that DEK was
upregulated in NSCLC tissues and cells. Gigantol inhibited cell
viability and decreased DEK expression levels. Furthermore,
gigantol suppressed the proliferation and enhanced the apop-
tosis of NSCLC cells by decreasing Ki-67 and Bcl-2 expression,
increasing Bax expression and inactivating the Wnt/B-catenin
signaling pathway, and this may be through DEK regulation.
The results suggested that DEK knockdown may be associated
with the anticancer activity of gigantol in NSCLC in vitro.
Therefore, DEK may serve as a novel target to enhance the
therapeutic effects of gigantol in patients with NSCLC.
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