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Abstract. 10Z‑Hymenialdisine is a natural product derived 
from the marine sponge Axinella carteri. 10Z‑Hymenialdisine 
has anti‑inflammatory effects exerted through NF‑κB; 
however, it is unclear whether 10Z‑Hymenialdisine has 
anti‑angiogenic effects in cancer cells. In the present study, 
both the anti‑angiogenic and antimetastatic effects of this 
compound in pancreatic cancer were investigated. It was 
initially confirmed that 10Z‑Hymenialdisine significantly 
inhibited the proliferation of pancreatic cancer cells. Next, 
using both reverse transcription‑quantitative PCR and ELISA, 
it was demonstrated that 10Z‑Hymenialdisine significantly 
suppressed the expression of VEGF and IL‑8 mRNAs and 
proteins in pancreatic cancer. Immunohistochemical analysis 
revealed that 10Z‑Hymenialdisine inhibited NF‑κB activity 
in pancreatic cancer cell lines. It was also identified that 
10Z‑Hymenialdisine inhibited tube formation in EA.hy926 
cells. In  vivo, 10Z‑Hymenialdisine significantly inhibited 
the growth of BxPC‑3 pancreatic cancer cells that were 
subcutaneously injected into model mice. In conclusion, 
the present study demonstrated that 10Z‑Hymenialdisine 
exerted anti‑angiogenic effects by suppressing NF‑κB activity 
and angiogenic factors, such as VEGF and IL‑8, in pancre‑
atic cancer cell lines. 10Z‑Hymenialdisine has potential 
applications as a novel therapeutic agent for the treatment of 
pancreatic cancer.

Introduction

Pancreatic cancer is a particularly aggressive malignant 
tumor with high morbidity and mortality (1). In 2018, epide‑
miological research revealed that pancreatic cancer was the 
fourth leading cause of cancer‑related deaths in Japan and 
the third leading cause of cancer‑related deaths in USA, with 
an estimated 227,000 deaths per year worldwide  (2‑4). In 
2019, there were >56,000 new cases of pancreatic cancer and 
46,000 pancreatic cancer‑related deaths in the USA alone (3). 
Furthermore, pancreatic cancer is predicted to be the second 
leading cause of cancer‑related deaths in USA by 2030 (5). 
Risk factors for pancreatic cancer include smoking, a family 
history of chronic pancreatitis, advanced age, occupational 
exposure, male sex, obesity, diabetes mellitus, a diet high 
in meat and low in vegetables and folate and a non‑O blood 
group  (6‑8). The 5‑year survival rate is <20%, even after 
radical surgery (6). Gemcitabine‑based combination chemo‑
therapy has been assessed for advanced pancreatic cancer. 
However, even with chemotherapy and radiotherapy, the 
effects are insufficient (6). Although numerous trials have been 
conducted to establish improved treatments for patients with 
advanced pancreatic cancer (S‑1, oxaliplatin, fluorouracil and 
folic acid), no standard post first‑line treatment has yet been 
identified (9‑12). Thus, the development of new therapeutic 
options is urgently required.

The high malignancy of pancreatic cancer is due in part 
to constitutively activated NF‑κB. NF‑κB is a transcrip‑
tion factor that is associated with various functions, such 
as cell proliferation, inflammation and apoptosis. NF‑κB is 
also involved in angiogenesis and metastasis in cancer, and 
enhances the production of angiogenic factors, such as VEGF 
and IL‑8 (13,14). In our previous study the suppression of 
NF‑κB signaling was found to decrease the production of both 
VEGF and IL‑8 (15). It was confirmed that these factors are 
key mediators of angiogenesis and metastasis in pancreatic 
cancer (16‑19). Furthermore, previous studies revealed that 
these factors support angiogenesis and are necessary for the 
metastasis of pancreatic cancer to the liver (20,21). Based on 
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these results, novel molecular therapies that target NF‑κB are 
currently under development.

Certain natural products possess anti‑inflammatory and 
anticancer effects against various cells and cancer types (22). 

Hymenialdisine, a natural product derived from the marine 
sponge Axinella carteri (A. carteri), has been reported to 
exhibit strong anti‑inflammatory activity by suppressing 
NF‑κB (23). Another study revealed that 10Z‑Hymenialdisine 
inhibits the expression of IL‑8 mRNA and protein in U937 
cells (24). These data suggested that 10Z‑Hymenialdisine may 
have potential anti‑inflammatory and anti‑angiogenic effects 
through NF‑κB and various angiogenic factors, such as VEGF 
and IL‑8 (24).

The anti‑angiogenic effects of 10Z‑Hymenialdisine in 
cancer cells have not been investigated. Therefore, in the 
present study, the effects of low‑dose 10Z‑Hymenialdisine 
on NF‑κB activity, angiogenesis and metastasis in pancre‑
atic cancer were examined. It was also investigated whether 
10Z‑Hymenialdisine prevents the production of angiogenic 
factors, such as IL‑8 and VEGF. The anti‑angiogenic effects of 
10Z‑Hymenialdisine were also evaluated in vitro and in vivo.

Materials and methods 

Reagents. 10Z‑Hymenialdisine and dimethyl sulfoxide 
(DMSO) were purchased from Sigma‑Aldrich; Merck KGaA. 
Hymenialdisine was dissolved in DMSO to a stock concentra‑
tion of 10 mM and stored at ‑20˚C.

Cell lines and cell culture. The three human pancreatic 
adenocarcinoma cell lines MIA PaCa‑2 (cat. no. CRL‑1420), 
SW 1990 (cat. no. CRL‑2172) and BxPC‑3 (cat. no. CRL‑1687) 
and the immortalized human endothelial cell line EA.hy926 
(cat. no. CRL‑2922) were purchased from the American Type 
Culture Collection. MIA PaCa‑2 and SW‑1990 cells were 
cultured in DMEM and BxPC‑3 cells were cultured in RPMI 
medium (both from Sigma Aldrich; Merck KGaA) in a 37˚C 
humidified incubator with 5% CO2. These media were supple‑
mented with 10% FBS, 10,000 U/ml penicillin, 25 µg/ml 
amphotericin B and 10 mg/ml streptomycin (all from Gibco; 
Thermo Fisher Scientific, Inc.).

Colony formation assay. Colony formation assays were 
performed using Diff‑Quik solution (Sysmex Corporation). 
MIA PaCa‑2, SW‑1990 and BxPC‑3 cells were seeded at 5x102 
cells into each well of a six‑well plate and cultured for 1 day 
at 37˚C. The cells were then treated with various concentra‑
tions (0, 1, 2, 5 and 10 µM) of 10Z‑Hymenialdisine. After 
7 days of incubation at 37˚C, the plates were gently washed 
with PBS and subsequently stained with Diff‑Quik solution, 
which included Diff‑Quik fixative reagent for 5 sec, Diff‑Quik 
solution I (eosinophilic) for 5 sec and Diff‑Quik solution II 
(basophilic) for 5 sec, as designated in the manufacturer's 
protocol at room temperature. Colonies were determined to be 
formed when there were ≥50 cancer cells.

Cell proliferation assay. Cell proliferation assays were 
performed using a Premix WST‑1 Cell proliferation Assay 
System (Takara Bio, Inc.) according to the manufacturer's 
protocol. MIA PaCa‑2, SW‑1990 and BxPC‑3 cells were 

seeded at 2x105 cells into each well of a 96‑well plate to a total 
volume of 100 µl and cultured for 1 day at 37˚C. The cells 
were then treated with various concentrations (0, 1, 2, 5, 10 
and 20 µM) of 10Z‑Hymenialdisine and DMSO (equivalent to 
the concentration contained in 20 µM) at room temperature. 
After incubation for 72 h at 37˚C, absorbance was measured 
at  450  nm using a Spectra Max 340 spectrophotometer 
(Molecular Devices, LLC).

Immunocytochemistry for NF‑κB. MIA PaCa‑2, SW‑1990 
and BxPC‑3 cells were seeded at 1x104 cells/chamber in a 
four‑chamber glass slide and cultured for 1 day at 37˚C. The 
cells were treated with 10Z‑Hymenialdisine (5 µM) for 2 h 
at room temperature, followed by stimulation with TNF‑α 
(1 ng/ml) for 20 min. Cells that had not been treated were used 
as controls. The cells were then washed with PBS and fixed 
with 4% paraformaldehyde for 20 min at room temperature. 
Next, the cells were washed with PBS, permeabilized with 
0.1% Triton‑X for 3 min, and incubated with 3% bovine serum 
albumin (BSA; FUJIFILM Wako Pure Chemical Corporation) 
for 1 h at room temperature. Subsequently, slides were treated 
with rabbit antibodies against NF‑κB p65 (Cell Signaling 
Technology, Inc.; cat. no. 8242; 1:400) overnight at 4˚C and 
then treated with goat anti‑rabbit IgG secondary antibodies 
H&L (Alexa Fluor® 488) (cat. no. ab150077; Abcam) for 1 h 
at room temperature. Primary and secondary antibodies were 
used at 1:400 and 1:500 dilution with 3% BSA, respectively. 
Cell nuclei were subsequently stained with DAPI (50 ng/ml) 
at room temperature for 10 min. Images of the stained slides 
were captured using a BZ‑X710 fluorescent microscope at 
x400 magnification (Keyence Corporation).

Protein extraction and NF‑κB activity assays. MIA PaCa‑2, 
SW‑1990 and BxPC‑3 cells were seeded at 2x106 cells/dish 
in 100‑mm dishes and cultured for 1 day at 37˚C. The cells 
were treated with or without 10Z‑Hymenialdisine (5 µM) for 
2 h and then stimulated with or without TNF‑α (1 ng/ml) 
for 20 min before the end of incubation. After the indicated 
treatment, nuclear protein was extracted using a Nuclear 
Extract Kit (Active Motif, Inc.) according to the manufac‑
turer's protocol. The concentration of proteins in the nuclear 
extract was evaluated using a Pierce BCA Protein Assay kit 
(Thermo Fisher Scientific, Inc.) and stored at ‑80˚C until 
use. The activity of NF‑κB was measured using a Trans AM 
NF‑κB p65 Active Transcription Assay Kit (Active Motif, 
Inc.) according to the manufacturer's protocol. A total of 5 
micrograms of nuclear extract protein was used in the NF‑κB 
activity assay.

Reverse transcription‑quantitative PCR (RT‑qPCR). MIA 
PaCa‑2, SW‑1990 and BxPC‑3 cells were seeded at 4x105 
cells/well in six‑well plates containing medium (MIA 
PaCa‑2 and SW‑1990 cells were cultured in DMEM and 
BxPC‑3 cells were cultured in RPMI medium) and cultured 
for 1 day at 37˚C. Then, the medium was changed, and the 
cells were cultured for an additional 2  h with or without 
10Z‑Hymenialdisine (5 µM) at 37˚C. Total RNA was extracted 
from cell pellets using an RNeasy Plus Mini Kit (Qiagen KK) 
according to the manufacturer's protocol and quantified using 
a Nano Drop 1000 spectrophotemer (Thermo Fisher Scientific, 
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Inc.) using 260 nm wavelength. Total RNA (1 µg) was reverse 
transcribed using Super Script III First‑Strand Synthesis Super 
Mix for RT‑qPCR kit (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. RT‑qPCR 
was carried out using TaqMan Fast Advanced Master 
Mix (cat. no. 4444964; Thermo Fisher Scientific, Inc.) and 
TaqMan Gene Expression Assays for IL‑8 (Hs01553824_g1; 
cat.  no.  4331182; Thermo Fisher Scientific, Inc.), VEGF 
(Hs00900055_m1; cat. no. 4331182; Thermo Fisher Scientific, 
Inc.) and GAPDH (Hs99999905_m1; cat. no. 4331182; Thermo 
Fisher Scientific, Inc.) with an Applied Biosystems 7900HT 
Fast Real‑Time PCR System (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The thermocycling conditions for 
PCR were as follows: initial denaturation at 95˚C for 20 sec, 
followed by 40 cycles at 95˚C for 1 sec and 60˚C for 20 sec. 
The relative expression levels of VEGF and IL‑8 were normal‑
ized to the expression of GAPDH in each sample using the 
relative standard curve method (25).

ELISA analysis of IL‑8 and VEGF levels. MIA PaCa‑2, 
SW‑1990 and BxPC‑3 cells were seeded at 4x105 cells/well 
in six‑well plates containing medium (MIA PaCa‑2 and 
SW‑1990 cells were cultured in DMEM and BxPC‑3 cells 
were cultured in RPMI medium) and cultured for 1  day 
at 37˚C. The culture medium was subsequently changed, and 
the cells were cultured for an additional 72 h at 37˚C in the 
presence of different concentrations of 10Z‑Hymenialdisine 
(0, 1, 2 and 5 µM). After incubation, the culture medium was 
collected and centrifuged at 400 x g for 5 min at 14˚C to 
remove particles. The supernatants were frozen at ‑80˚C until 
use. The concentrations of IL‑8 and VEGF were determined 
using human IL‑8 (R&D Systems, Inc.; cat. no. D8000C) and 
human VEGF (R&D Systems, Inc.; cat. no. DVE00) ELISA 
kits according to the manufacturer's protocol.

Tube formation assays. Tube formation assays were conducted 
using EA.hy926 cells and Matrigel matrix (Corning Inc.) in 
the presence of the supernatants of pancreatic cancer cells. 
Cell supernatants were collected from the cancer cell culture 
medium (MIA PaCa‑2 and SW‑1990 cells were cultured in 
DMEM and BxPC‑3 cells were cultured in RPMI medium) 
via centrifugation at 400 x g for 5 min at 14˚C. MIA PaCa‑2, 
SW‑1990 and BxPC‑3 cells were seeded at 4x105 cells/well in 
six‑well plates containing medium (MIA PaCa‑2 and SW‑1990 
cells were cultured in DMEM and BxPC‑3 cells were cultured 
in RPMI medium) and cultured for 1 day at 37˚C. The culture 
media were then changed, and the cells were incubated 
for an additional 48 h at 37˚C in medium with or without 
10Z‑Hymenialdisine (5 µM), after which the supernatants 
were collected and centrifuged at 400 x g for 5 min at 14˚C 
to remove particles. EA.hy926 cells (1.2x104 cells/well) were 
seeded into each well of a 96‑well plate coated with Matrigel. 
Matrigel was pre‑coated for 30 min at room temperature. 
Then, the cells were cultured for 1 day at 37˚C with 50 µl 
10% FBS and 50 µl of the aforementioned supernatant. Tube 
formation was observed by a BZ‑X710 fluorescent microscope 
at x40 magnifications (Keyence Corporation) and evaluated 
by determining the number of the endotubes generated by 
EA.hy926 cells. A total of four random fields of view were 
analyzed per sample.

Animal studies. Female BALB/c nu‑nu 12 mice (4 weeks 
old; weight range, 13‑15 g) were purchased from Charles 
River Laboratories, Inc. The animals were housed in 
standard Plexiglas cages (maximum of 5 mice per cage) 
in a room maintained at constant temperature (20‑26˚C) 
and humidity (40‑60%) with a 12‑h light/dark cycle. Mice 
were fed regular autoclaved chow and were provided water 
ad  libitum. Anesthesia was administered by inhalation of 
isoflurane. Induction was conducted at 4‑5% concentration 
and maintenance at 2‑3%. Euthanasia was performed by 
cervical dislocation after adequate anesthesia. All experi‑
ments were conducted according to the Guidelines for Animal 
Experiments of Nagoya City University Graduate School of 
Medicine Sciences and were approved (approval no. Medical 
Animal 20‑020) by the Animal Care and Use Committee 
of the Nagoya City University Graduate School of Medical 
Sciences (Nagoya, Japan).

Experimental protocol. BxPC‑3 human pancreatic cells (5x106 

cells in 100 µl PBS) were injected subcutaneously into the 
left flank of each mouse. Tumor volume was measured once 
a week using calipers. When the tumors reached a volume of 
~50 mm3, the mice were randomly divided into two groups 
(6 mice per group).

Mice in group  I were administered DMSO (the same 
concentration as group  II) diluted with PBS as a control, 
whereas mice in group II received intraperitoneal injections 
of 10Z‑Hymenialdisine (10 mg/kg/week) diluted with PBS. 
The tumor volume was calculated according to the following 
formula: Tumor volume (mm3)=(AxB2)/2, where A and B 
represented the longest and shortest diameters in millimeters, 
respectively. Mice were injected intraperitoneally with DMSO 
or 10Z‑Hymenialdisine once a week for 5 weeks and then 
sacrificed 1 week later. Finally, the tumors were excised and 
fixed in 10% formaldehyde at 4˚C for 24 h for further analysis.

Histopathological examination. Subcutaneous xenograft 
tumors were fixed with 4% paraformaldehyde at 4˚C for 6 h 
and embedded in paraffin. The sections (3 µm) were mounted 
on 3‑amino‑propyltriethoxysilane‑coated slides. Dewaxed 
paraffin sections were placed in a microwave (10  min, 
600 watts) to recover antigens before staining. The following 
antibodies (obtained from Cell Signaling Technology, Inc.) were 
used at 4˚C for 24 h: Rabbit monoclonal anti‑Ki67 antibodies 
(cat. no. 9027; 1:500), mouse monoclonal anti‑CD31 antibodies 
(cat. no. 3528; 1:1,000), rabbit monoclonal anti‑NF‑κB p65 
antibodies (cat. no. 8242; 1:100). Biotin‑conjugated secondary 
antibodies (all, Dako; Agilent Technologies, Inc) were also 
used at room temperature for 45 min: Anti‑rabbit secondary 
antibodies (cat. no. K4003; 1:500) and anti‑mouse secondary 
antibodies at room temperature for 45 min (cat. no. K4001; 
1:1,500). Liqid DAB + Substrate Chromogen System 
(cat. no. K3467) were used as the chromogen for detection 
at room temperature for 10 min. Hematoxylin was used for 
nuclear counterstaining at room temperature for 30 sec.

For the quantification of NF‑κB p65 activation, the number 
of nucleus‑positive cells was counted. Nuclear translocation 
of p65 was considered to be a marker of NF‑κB activation. 
Proliferation was quantified by determining the percentage 
of Ki67‑positive cells. Results were expressed as the mean 
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number of Ki67‑positive cells ± SD per high‑power field. A 
total of three fields were examined from each tumor for each of 
the two treatment groups. For the quantification of microvessel 
density in sections stained for CD31, any distinct area of posi‑
tive staining for CD31 was counted as a single vessel. Results 
were expressed as the mean number of vessels ± the SD per 
high‑power field. A total of three random fields were examined 
and counted from each tumor for each of the two treatment 
groups. Images of the stained slides were captured using 
a BZ‑X710 fluorescent microscope at x200 magnification 
(Keyence Corporation).

Statistical analysis. All experiments, except for in vivo 
procedures, were performed in triplicate. All experimental 
data are presented as the mean ± SD. Multiple group compari‑
sons were performed using one‑way ANOVA with Dunnett's 
post‑hoc tests for subsequent individual group comparisons. 
Comparisons between two groups were performed using 
unpaired Student's t‑tests. Comparisons between multiple 
groups with >1 reference group were analysed using Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference. All statistical analyses were performed 
with EZR Version 1.54 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a modified version of R 
commander designed to add statistical functions frequently 
used in biostatistics (26).

Results

10Z‑Hymenialdisine suppresses the proliferation of pancre‑
atic cancer cell lines. Colony formation assays revealed that the 
growth of pancreatic cancer cell lines (MIA PaCa‑2, SW‑1990 
and BxPC‑3) was suppressed by 10Z‑Hymenialdisine in a 
concentration‑dependent manner (Fig. 1A). Consistent with 

this, WST‑1 assays revealed that 10Z‑Hymenialdisine inhib‑
ited the proliferation of all three pancreatic cancer cell lines in 
a concentration‑dependent manner, with significant inhibition 
observed at 10 µM (Fig. 1B). In subsequent experiments, to 
avoid cytotoxicity of 10Z‑Hymenialdisine, the concentration 
of 10Z‑Hymenialdisine was set at 5 µM.

10Z‑Hymenialdisine inhibits the TNF‑α‑induced translo‑
cation of NF‑κB. Immunocytochemical analysis revealed 
that p65 translocated into the nucleus of cells treated with 
TNF‑α alone, whereas in cells treated with TNF‑α and 
10Z‑Hymenialdisine (5 µM), p65 remained in the cytoplasm. 
The translocation of p65 into the nucleus was then examined 
using ELISA (Fig. 2A and B). The results demonstrated that 
10Z‑Hymenialdisine significantly decreased the translocation 
of p65 into the nucleus. This effect was confirmed with TNF‑α. 
TNF‑α alone significantly increased p65 translocation; 
however, the addition of 10Z‑Hymenialdisine significantly 
decreased this effect (Fig. 2B).

10Z‑Hymenialdisine decreases mRNA expression levels of 
IL‑8 and VEGF. RT‑qPCR revealed that 10Z‑Hymenialdisine 
(5 µM) significantly decreased the mRNA expression levels of 
IL‑8 and VEGF in pancreatic cell lines (Fig. 3A and B). In 
addition, ELISA revealed that the protein secretion levels of 
IL‑8 and VEGF were reduced by 10Z‑Hymenialdisine (1‑5 µM; 
Fig. 4A and B). In the present experiment, all pancreatic cancer 
cell lines exhibited reduced levels of IL‑8 and VEGF proteins in 
the presence of different concentrations of 10Z‑Hymenialdisine 
(1‑5 µM). For cells treated with 5 µM 10Z‑Hymenialdisine, all 
pancreatic cancer cell lines demonstrated significant reductions 
in both IL‑8 and VEGF. It was confirmed that the concentra‑
tion of 5 µM was the most appropriate to inhibit angiogenic 
factors without causing cytotoxicity.

Figure 1. Effects of 10Z‑Hymenialdisine on the proliferation of pancreatic cancer cell lines. Pancreatic cancer cell lines (MIA PaCa‑2, SW‑1990 and BxPC‑3) 
were treated with 10Z‑Hymenialdisine at the indicated concentrations for 72 h, after which cytotoxicity was measured using (A) colony formation and 
(B) WST‑1 assays. Data are expressed as the mean ± SD (n=4). *P<0.05 vs. control. C, control.
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10Z‑Hymenialdisine inhibits tube formation by human 
endothelial (EA.hy926) cells. Subsequently, tube formation 
assays were performed using human endothelial cells. Tube 
formation was enhanced when the cells were incubated with 
supernatants from untreated pancreatic cancer cell lines, but 
was significantly decreased when the cells were incubated with 
supernatants from 10Z‑Hymenialdisine‑treated pancreatic 
cancer cell lines (Fig. 5A). Tube formation was then evaluated 
by counting the number of endotubes. Endotube numbers 

were significantly increased when the cells were incubated 
with supernatants from cancer cell lines and significantly 
decreased when the cells were incubated with supernatants 
from 10Z‑Hymenialdisine‑treated pancreatic cancer cell lines 
(Fig. 5B).

10Z‑Hymenialdisine suppresses tumor growth in a subcuta‑
neous xenograft model. BxPC‑3 cells were subcutaneously 
injected into mice, after which tumors were allowed to 

Figure 2. Effects of 10Z‑Hymenialdisine on NF‑κB activity in pancreatic cancer cell lines. Pancreatic cancer cell lines (MIA PaCa‑2, SW‑1990 and BxPC‑3) 
were treated with 10Z‑Hymenialdisine (5 µM) for 2 h and TNF‑α (1 ng/ml) for 20 min. (A) Immunocytochemical analysis was used to assess the localization 
of NF‑κB using antibodies against p65 (magnification, x400). (B) The activity of NF‑κB in nuclear extracts was determined using ELISA. Values are expressed 
as the mean ± SD (n=4). *P<0.05 as indicated.

Figure 3. Effects of 10Z‑Hymenialdisine on IL‑8 and VEGF mRNA expression in pancreatic cancer cells. Pancreatic cancer cell lines (MIA PaCa‑2, SW‑1990 
and BxPC‑3) were treated with 10Z‑Hymenialdisine (5 µM) for 48 h. (A) IL‑8 and (B) VEGF mRNA levels were evaluated using reverse transcription‑quantitative 
PCR (normalized to GAPDH expression). Values are expressed as the mean ± SD (n=4). *P<0.05 vs. control.
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form. When the tumors had grown, mice were injected 
intraperitoneally with 10Z‑Hymenialdisine (10  mg/kg) 
or DMSO for 5  weeks. One mouse in the control group 
succumbed in the middle of the treatment course owing to 
the maintenance 2‑3% inhalation of isoflurane anesthesia. 
10Z‑Hymenialdisine significantly inhibited tumor growth 
14 days after treatment (Fig. 6A‑C). Body, liver and kidney 
weights were not decreased compared with those in the 
control group (Fig. 6D‑F).

10Z‑Hymenialdisine inhibits NF‑κB (p65) activation, cell 
proliferation (Ki‑67) and angiogenesis (CD31) in pancreatic 
cancer tumors. Resected pancreatic cancer tumors were evalu‑
ated using immunocytochemical analysis. It was revealed that 
p65 translocation into the nucleus was decreased in groups 
treated with 10Z‑Hymenialdisine compared with the control 
group. To determine the effects of 10Z‑Hymenialdisine on 
proliferation and angiogenesis, the expression of Ki‑67, a cell 
proliferation marker, and CD31, a microvessel density marker, 

Figure 5. Effects of 10Z‑Hymenialdisine on EA.hy926 pancreatic cancer cells induced to form tubes in vitro. EA.hy926 cells were cultured with control, super‑
natants of pancreatic cancer cell lines (MIA PaCa‑2, SW‑1990 and BxPC‑3) and supernatants of pancreatic cancer cell lines treated with 10Z‑Hymenialdisine 
(5 µM). (A) Representative images (magnification, x40): i) Control, ii) culture with supernatants from pancreatic cancer cell lines and iii) culture with super‑
natants from pancreatic cancer cell lines treated with 10Z‑Hymenialdisine (5 µM). (B) The extent of tube formation by EA.hy926 cells. Values are expressed 
as the mean ± SD (n=4). *P<0.05 as indicated.

Figure 4. Effects of 10Z‑Hymenialdisine on the secretion of IL‑8 and VEGF by pancreatic cancer cell lines. Pancreatic cancer cell lines (MIA PaCa‑2, 
SW‑1990 and BxPC‑3) were treated with 10Z‑Hymenialdisine at the indicated concentrations for 72 h, after which the supernatants were collected. (A) IL‑8 
and (B) VEGF concentrations were determined using ELISA. Values are expressed as the mean ± SD (n=4). *P<0.05 vs. the control group. C, control.
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were examined in tumor tissues. As demonstrated in Fig. 7, 
10Z‑Hymenialdisine significantly decreased the activation of 
NF‑κB (p65) and inhibited the expression of Ki‑67 and CD31 
(Fig. 7A‑D).

10Z‑Hymenialdisine decreases mRNA expression levels of 
IL‑8 and VEGF in pancreatic cancer tumors. The expression 
levels of targeted mRNAs in resected pancreatic cancer tumors 
were then evaluated using RT‑qPCR. The results revealed 

Figure 6. Effects of 10Z‑Hymenialdisine on tumor growth in a subcutaneous xenograft model using BxPC‑3 pancreatic cancer cells. Pancreatic cancer cells 
were subcutaneously injected and allowed to develop. Mice were then divided into two groups: Control (group I) and 10Z‑Hymenialdisine (group II). The solu‑
tion was injected intraperitoneally weekly for 5 weeks. Mice were sacrificed on week 6. (A) Images of the mice and excised tumors. (B) Tumor volumes were 
measured weekly. (C) Weights of the removed tumors at sacrifice. (D) Body weights in each group of mice were measured weekly. (E) Liver and (F) kidney 
weights were determined after sacrifice. Values are expressed as the mean ± SD. *P<0.05 vs. control.

Figure 7. Effects of 10Z‑Hymenialdisine on NF‑κB (p65) activation, proliferation (Ki‑67) and angiogenesis (CD31) in pancreatic cancer tumors. 
(A) Immunohistochemical analysis. Representative images are presented (magnification, x200). (B) Quantification of NF‑κB (p65) activation. (C) Quantification 
of Ki‑67‑positive cells. (D) Quantification of microvessel density. Values in (B‑D) are expressed as the mean ± SD. *P<0.05 vs. control.



UEDA et al:  HYMENIALDISINE INHIBITS ANGIOGENESIS BY SUPPRESSING NF-κB IN PANCREATIC CANCER8

that 10Z‑Hymenialdisine significantly decreased the mRNA 
expression levels of IL‑8 and VEGF in pancreatic cancer 
tumors compared with that in control tumors (Fig. 8A and B).

Discussion 

10Z‑Hymenialdisine is a natural product derived from 
the marine sponge A. carteri. In the present study, it was 
demonstrated that 10Z‑Hymenialdisine inhibited the prolif‑
eration of pancreatic cancer cells, blocked NF‑κB activity and 
suppressed the expression of the angiogenic factors VEGF and 
IL‑8. In addition, 10Z‑Hymenialdisine inhibited tube forma‑
tion by EA.hy926 human endothelial cells. These experiments 
suggested that 10Z‑Hymenialdisine may have potential appli‑
cations as an anti‑angiogenesis agent. Finally, using in vivo 
modeling, it was identified that 10Z‑Hymenialdisine inhibited 
tumor growth by subcutaneously injecting BxPC‑3 pancreatic 
cancer cells. In this model, no decrease was observed in body, 
liver, or kidney weights in the 10Z‑Hymenialdisine‑treated 
group of mice. Previous studies revealed that NF‑κB has 
important roles in the regulation of apoptosis, oncogenesis and 
angiogenesis (27,28). Importantly, ~70% of pancreatic cancer 
cells exhibit constitutive activation of NF‑κB (29). Furthermore, 
in certain studies, upregulation of NF‑κB explains, at least in 
part, the resistance of cells to chemotherapy (30‑33).

The aggressive growth and metastasis of pancreatic cancer 
is partly caused by its angiogenic capacity, which has been 
attributed to the release of angiogenic factors derived from 
tumors and stromal cells (34). Numerous angiogenic factors 
have been identified, among which VEGF and IL‑8 are 
considered to be key mediators of angiogenesis in pancreatic 
cancer (16,18). Suppression of angiogenic factors would be a 
highly desirable effect of any new chemotherapeutic agent.

Given the relationship between NF‑κB and certain angio‑
genic factors, such as VEGF and IL‑8, suppressing the activity 
of NF‑κB would be beneficial in treating pancreatic cancer. 
A previous study demonstrated that inhibition of NF‑κB 
activity by the proteasome inhibitor MG132 decreases the 
expression of VEGF and IL‑8 and inhibits tumor‑induced 
angiogenesis  (15). The experiments of the present study 
were consistent with these previous studies. It was demon‑
strated that 10Z‑Hymenialdisine inhibited tube formation by 
EA.hy926 human endothelial cells. Thus, the data revealed 
that 10Z‑Hymenialdisine suppressed the expression of VEGF 
and IL‑8 via inhibition of NF‑κB activity in pancreatic cancer 

cell lines. As a result, 10Z‑Hymenialdisine inhibited tube 
formation by human endothelial cells.

The anti‑angiogenic effects of bortezomib, an NF‑κB 
inhibitor, have been exploited for the treatment of patients 
with multiple myeloma (35); however, this NF‑κB inhibitor 
has strong side effects, and adoption of such chemotherapeutic 
agents is not widely accepted (35). Consequently, new NF‑κB 
inhibitors with low non‑specific toxicity are urgently needed.

In Nagoya City University Graduate School of 
Medical Sciences and Medical School, the Department of 
Gastroenterological Surgery's laboratory, focus has been 
addressed on natural products. Natural agents, such as escin, 
curcumin, sesamin, xanthohumol and zerumbone, have been 
shown to have anticancer effects (22,36‑40). Previous studies 
have demonstrated that these natural products inhibit NF‑κB 
and certain angiogenic factors, such as VEGF and IL‑8, and 
exhibit efficacy in in vivo models (39,40). Xanthohumol exerts 
anticancer effects without causing body weight changes in 
mice (40). Furthermore, curcumin, a natural product, can be 
used in combination with gemcitabine to inhibit the activity of 
NF‑κB and exert synergistic effects on tumor suppression (41). 
Accordingly, 10Z‑Hymenialdisine may have applications as a 
combination therapy with existing anticancer agents, such as 
gemcitabine, to further enhance the anticancer effects of the 
treatment, similar to curcumin. Previous studies have revealed 
that 10Z‑Hymenialdisine inhibits NF‑κB and various cyto‑
kines, including IL‑1, IL‑2, IL‑8 and TNF‑α in certain types 
of cells (24,42). Additionally, 10Z‑Hymenialdisine has been 
reported to have anticancer effects (43); however, this is the 
first report, to the best of our knowledge, demonstrating that 
10Z‑Hymenialdisine exerts inhibitory effects on pancreatic 
cancer cells by suppressing NF‑κB and angiogenesis.

To assess the cytotoxic effects of 10Z‑Hymenialdisine, 
colony formation and cell proliferation assays were conducted. 
Since previous studies revealed that 10Z‑Hymenialdisine 
is active at concentrations of 1‑10 µM, these concentrations 
were initially examined  (23,24). In the latter experiment, 
10Z‑Hymenialdisine showed cytotoxic effects at high concen‑
trations (>10 µM). In subsequent experiments, to confirm the 
anti‑angiogenic effects of 10Z‑Hymenialdisine, the experi‑
ments were primarily conducted using low concentrations 
(≤5 µM), which did not suppress cell proliferation. At low 
concentrations (≤5 µM), 10Z‑Hymenialdisine inhibited the 
activity of NF‑κB and blocked the expression of VEGF and 
IL‑8. 10Z‑Hymenialdisine also inhibited tube formation. Thus, 

Figure 8. Effects of 10Z‑Hymenialdisine on the expression of VEGF and IL‑8 in pancreatic cancer tumors. (A) IL‑8 and (B) VEGF mRNA levels were 
measured using reverse transcription‑quantitative PCR (normalized to GAPDH expression). Values are expressed as the mean ± SD. *P<0.05 vs. control.
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it was concluded that 10Z‑Hymenialdisine may have potential 
clinical applications via suppression of angiogenesis, without 
causing substantial cytotoxicity.

In terms of angiogenesis, pancreatic cancer is generally 
considered to be a type of ischemic tumor, and vessel densi‑
ties are low in imaging; however, angiogenesis is associated 
with prognosis in patients with pancreatic cancer (44‑46), and 
certain studies have demonstrated that anti‑angiogenic treat‑
ments exhibit favorable efficacy in pancreatic cancer (47,48). 
Similarly, to ensure that the findings of the present study 
provided an adequate reflection of pancreatic cancer, experi‑
ments were conducted using three different pancreatic cancer 
cell lines [MIA PaCa‑2 (undifferentiation, with KRAS muta‑
tion), SW‑1990 (high/moderate differentiation, with KRAS 
mutation) and BxPC‑3 (moderate differentiation, without 
KRAS mutation)]. In all in  vitro experiments, these three 
pancreatic cancer cell lines showed similar trends with regard 
to the effects of 10Z‑Hymenialdisine.

In the mouse experiments of the current study, the 
suppression of tumor growth by 10Z‑Hymenialdisine was 
demonstrated. No previous studies have described the use 
of 10Z‑Hymenialdisine in such in vivo models. Therefore, it 
remains necessary to optimize the dosage and administration 
method for 10Z‑Hymenialdisine. It was previously identified 
that another natural product, xanthohumol, inhibits pancreatic 
cancer growth  (40). Xanthohumol has a molecular weight 
similar to that of 10Z‑Hymenialdisine, and its anticancer effects 
are achieved at a similar concentration (10 mg/kg) in vitro. 
Based on these findings, the appropriate concentration and 
administration method for 10Z‑Hymenialdisine was selected; 
however, further studies are required to optimize its use.

In conclusion, the results of the present study demonstrated 
that 10Z‑Hymenialdisine inhibited angiogenesis by suppressing 
NF‑κB activity in pancreatic cancer cell lines. This effect 
was achieved by blocking the expression of various angio‑
genesis factors, such as IL‑8 and VEGF. The anti‑angiogenic 
effects of 10Z‑Hymenialdisine were also demonstrated using 
EA‑hy926 human endothelial cells. Finally, it was revealed that 
10Z‑Hymenialdisine had anticancer effects in a mouse model. 
These effects were obtained at relatively low concentrations that 
did not exhibit cytotoxicity. Furthermore, there was no body 
weight loss or other organ weight loss. As with the majority 
of studies, the design of the current study is subject to some 
limitations. For example, it was not known where and how 
10Z‑Hymenialdisine acts on the NF‑κB pathway. Furthermore, 
the animal experiment was performed using the subcutaneous 
injection of pancreatic cancer cells, which is different from 
actual pancreatic cancer. Therefore, the results of the animal 
experiment cannot be directly applied to humans. So further 
investigation is required, such as orthotopic cancer model 
in vivo experiments. However, 10Z‑Hymenialdisine could be a 
potential therapeutic agent for pancreatic cancer.
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