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Juglon-selenyum Uygulamalarının BxPC-3 ve PANC-1 İnsan Pankreatik Kanser 
Hücrelerinde Epitelyal-mezenkimal Geçiş ve Migrasyon Üzerindeki Etkilerinin 
Araştırılması

 Dudu Erkoç Kaya,  Fatma Göktürk,  Fatma Batırbek,  Hilal Arıkoğlu

Selçuk University Faculty of Medicine, Department of Medical Biology, Konya, Türkiye

Objective: Chemotherapy is still the most common and primary treatment option for treating pancreatic cancers because metastasis has 
already occurred at the time of diagnosis, difficulties of the operation due to its location, and lack of targeted treatment approaches. Moreover, 
the high chemoteuropatic resistance seen in pancreatic cancer makes research on alternative drug treatments mandatory. Juglone, a natural 
naphthaquinone found in members of the Juglandaceae family, has various pharmacological effects such as antiviral and antibacterial. It has also 
been shown to be an effective cytotoxic agent through the production of reactive oxygen species in studies conducted with cancer cell lines. 
Remarkably, selenium, an important trace element of the cell, was shown to inhibit metastasis, strengthen cell-cell attachments, and reduce 
angiogenesis. Based on these data, we investigated the effects of juglone-selenium (J/S) combination on epithelial-mesenchymal transition 
(EMT) and migration in PANC-1 and BxPC-3 cells.

Methods: The effects of juglone application in the presence of 2,5 µM NaSe at 5, 10, 15 and 20 µM concentrations on the expression of FOXL1, 
VIM, and MMP-7 genes were determined by qPCR. In addition, the effects of J/S on the migration features of cancer cells were monitored by 
wound healing tests.

Results: According to qPCR results, J/S application showed different effects on FOXL1, VIM, and MMP-7 gene expressions, which are critical for 
EMT, in both cell lines. According to the wound healing assay results, the migration of cancer cells was suppressed in both cell lines compared 
with the control group. 

Conclusion: Consequently, our studies have supported that juglone can be an effective therapeutic agent on pancreatic cancer, and our findings 
also suggest that selenium can strengthen these anticancer effects of juglone. 
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ABSTRACT

ÖZ

Amaç: Pankreas kanserinde; tanı sırasında metastazın gerçekleşmiş olması, konumu nedeniyle cerrahi operasyonun zorluğu ve hedefe yönelik 
tedavi yaklaşımlarının bulunmaması sebebiyle, kemoterapi tedavi için halen en yaygın ve birincil tedavi seçeneğidir. Pankreas kanserinde görülen 
yüksek kemoterapötik direnç, alternatif ilaç tedavileri geliştirmek için yapılacak araştırmaları zorunlu kılmaktadır. Juglandaceae familyasının 
üyelerinde bulunan doğal bir naftakinon olan juglon, antiviral, antibakteriyel vb. çeşitli farmakolojik etkilere sahiptir. Kanser hücre hatları ile 
yapılan çalışmalarda reaktif oksijen türlerinin üretimi yoluyla etkili bir sitotoksik ajan olduğu da gösterilmiştir. Selenyum, hücrenin önemli bir 
eser elementidir ve dikkat çekici bir şekilde, metastazı inhibe etme, hücre-hücre bağlarını güçlendirme ve anjiyogenezde azalmaya yol açacak 
etkilerinin olabileceği gösterilmiştir. Bu verilerden yola çıkarak çalışmamızda, juglon-selenyum (J/S) kombinasyonunun PANC-1 ve BxPC-3 
hücrelerinde epitelyal-mezenkimal geçiş (EMT) ve göç üzerindeki etkileri araştırıldı.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) accounts for 
more than 90% of pancreatic cancer (PC), which is known 
to have poor prognosis and high mortality rates that cannot 
be detected at an early stage owing to lack of obvious 
symptoms during its development and metastasis (1,2). The 
5-year survival rate is only 9%, and its incidence has been 
steadily increasing worldwide recently. It is considered as 
the fourth leading cause of cancer-related deaths in both 
men and women of all ages in the United States and is 
expected to be the second leading cause of cancer-related 
deaths in the western world by 2030 (2,3).

When PC is diagnosed, tumor metastases to regional 
lymph nodes are already seen in more than 80% of patients 
(4,5). Metastasis is a multistage and complex process, and 
can develop because of the interaction of steps such as 
adhesion, invasion, and angiogenesis (6). Gaining invasive 
properties of the tumor is the first step for metastasis. 
This process is called epithelial-mesenchymal transition 
(EMT) in epithelial-derived cancer cells. EMT is a biological 
process in which polarized epithelial cells undergo various 
molecular modifications, resulting in increased migration 
and mesenchymal characteristics such as invasiveness 
and resistance to apoptosis. The tumor microenvironment 
triggers EMT with many factors, including cytokines, growth 
factors, and chemokines (7,8).

The tumor microenvironment (TME), consisting of cancer 
cells, stromal cells, and extracellular components, plays 
a critical role in PC progression. Cancer cells and stromal 
cells such as pancreatic stellate cells and regulatory T-cells 
etc. can secrete extracellular components, including 
extracellular matrix (ECM), matrix metalloproteinase (MMP), 
growth factors, and transforming growth factor-β to maintain 
the microenvironment (7,8). ECM enables interactions 
between structural proteins and other matrix components 
necessary for the maintenance of tissue integrity (8). 
Two hallmarks of the PC microenvironment are intense 
desmoplasia and diffuse immunosuppression. These two 
features facilitate PC cell proliferation to evade the immune 

system through direct inhibition of antitumor immunity 
or induction of immunosuppressive cell proliferation (9). 
Desmoplasia creates a hypoxic microenvironment by 
increasing the functions of antiangiogenic factors. Hypoxia 
caused by an inadequate vascular system is essential for 
tumor aggressiveness, including metabolic reprograming 
apoptosis inhibition, continuous proliferation, resistance to 
treatment, invasion, and metastasis (7,10).

Unfortunately, only about 20% of patients are suitable 
for surgery, and in most patients, the tumor is very 
advanced locally or has spread to distant sites, hampering 
the precluding surgical intervention (11,12). Although 
radiation and immunotherapy are also potential options, 
chemotherapy is currently considered the main method to 
treat patients with PDAC who are not suitable for resection 
(13).

Gemcitabine, an antimetabolite, is an anticancer drug used 
to treat PC. Despite extensive research to develop new 
treatment methods for PC, gemcitabine still remains to 
be used as a chemotherapeutic agent because resistance 
to most conventional chemotherapeutic agents such as 
paclitaxel, doxorubicin, and cisplatin has been observed 
in clinical management (14,15). Although the combination 
of FOLFIRINOX (5-fluorouracil, leucovorin, oxaliplatin, and 
irinotecan) is the commonly used first-line systemic therapy, 
there is a need to find better combination therapies that 
can offer better efficacy and less toxicity at lower doses 
due to the limitations of their toxic effects (15). De novo 
chemoresistance to chemotherapeutic agents and/or 
radiotherapy is observed in PC treatment. However, current 
treatment options are not sufficient for curative outcomes. 
Therefore, there is a strong need to develop new therapeutic 
strategies for the treatment of PC (16-18).

Naturally occurring quinones such as thymoquinone, 
plumbagin, and juglone have been suggested as promising 
anticancer agents on different cancer cells (19). Juglone has 
been showed as having effective cytotoxicity through the 
production of reactive oxygen species (ROS) in studies with 
cancer cell lines. It is known that the increase in ROS level 
can contribute to apoptosis in cancer cells (20). 

Gereç ve Yöntem: 2,5 µM NaSe varlığında 5, 10, 15 ve 20 µM konsantrasyonlarda juglon uygulamasının FOXL1, VIM, MMP-7 genlerinin 
ekspresyonu üzerindeki etkisi qPCR yöntemi ile belirlendi. Ayrıca J/S’nin kanser hücrelerinin migrasyon özellikleri üzerindeki etkileri yara 
iyileştirme testleri ile değerlendirildi.

Bulgular: qPCR sonuçlarımıza göre, J/S uygulaması EMT için kritik olan FOXL1, VIM ve MMP-7 gen ifadeleri üzerinde her iki hücre hattında 
farklı düzeyde etki gösterdi. Yara iyileşme testi sonuçlarına göre ise, kontrol grubuna kıyasla her iki hücre hattında da migrasyonun baskılandığı 
görüldü.

Sonuç: Çalışmalarımız juglonun pankreas kanseri üzerinde etkili bir terapötik ajan olabileceğini desteklemektedir ve ayrıca bulgularımız 
selenyumun juglonun bu etkilerini güçlendirebileceğini düşündürmektedir. 

Anahtar Kelimeler: Juglon, selenyum, pankreas kanseri, epitelyal-mezenkimal geçiş (EMT), yara iyileştirme testi
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Various forms of selenium, an essential trace element of 
the cell, have potent antitumor activity by inhibiting the 
proliferation of various types of cancer, including breast, 
prostate, lung, melanoma, and cervical cancers (21). 
Furthermore, there are studies reporting the use of inorganic 
selenium and synthetic selenium compounds along with 
gemcitabine, a chemotherapeutic agent used in PC, to 
increase the growth inhibition of PC cells (22). The effect 
of sodium selenite (NaSe) on PDAC is considered to be 
clinically relevant as it is more potent than the other drugs 
tested. NaSe exerts its anticarcinogenic activity by directly 
oxidizing cellular free thiols (23). Moro et al. (24) reported 
that NaSe is a promising candidate for the treatment of 
PDAC because it has a significant cytotoxic effect on PDAC 
without any damage to non-malignant tissue components.

The fact that most PC patients are diagnosed while they 
are in the process of metastasis points to the importance of 
therapeutically targeting the metastatic stages in particular. 
For this purpose, in our studies to date, it has been shown 
for the first time that juglone is an effective agent in the 
invasion, adhesion, and metastasis processes in PC cell lines 
(25,26). Investigation of the effects of juglone-selenium (J/S) 
combination on different molecules involved in invasion 
and metastasis is necessary to develop new juglone- and 
selenium-based strategies for the treatment of PC. In our 
previous study, we showed that J/S has a cytotoxic and dose-
dependent suppressive effect on invasion and metastasis in 
PANC-1 and BxPC-3 cells (27).

In this study, the effects of J/S application on epithelial-
mesenchymal transition, and migration properties in PC 
cells were investigated. For this purpose, the expression 
levels of FOXL1, vimentin (VIM) and MMP-7 were examined. 
In addition, the effects of J/S on migration properties were 
evaluated by the wound healing method. 

METHODS

Cell Culture
PANC-1 and BxPC-3 PC cell lines received from the 
American Type Culture Collection (Rockville, Md) were 
cultured according to the manufacturer’s instructions. Cells 
were cultured in DMEM (Gibco, UK) and RPMI (Gibco, UK) 
medium, respectively, including 10% fetal bovine serum 
(FBS) (HyClone, Fisherscientific, Canada) and 1% penicillin/
streptomycin (Gibco, UK) at 37 °C and 5% CO2 juglone and 
NaSe were supplied commercially (Sigma-Aldrich Chemical 
Company, USA).

Determination of the Cytotoxic Effects of Juglone-
selenium and MTT Assay
The MTT (reagent from Sigma-Aldrich, USA) assay used to 
determine the cytotoxic effects of J/S on human PC cells 
was performed as described in our previous study (27).

Wound-healing Assay
A wound-healing assay was used to evaluate the metastatic 
and proliferative behaviors of PC cells following J/S 
combination therapy. For this purpose, cells were seeded in 
6-well cell culture plates to cover approximately 70-80% of 
the wells. Cells were cultured in DMEM or RPMI 1640 medium 
supplemented with 10% FBS and 1% penicillin/streptomycin 
for 24 hours (h). One day later, at cell seeding time, the cells 
were transferred to a starvation medium (starvation medium 
contains 0% FBS and 1% pen/strep). After 16 h of incubation 
in the starvation medium, the cells in the wells were scraped 
with a 200 µL pipette tip to make a straight-line wound. After 
scratching, the detached cells were washed by gently rinsing 
the well with PBS, and the determined J/S concentrations 
were added to the medium and incubated for 48 h in an 
atmosphere of 5% CO2 at 37 °C. At least 4 repetitions were 
performed for each group. Wounds were visualized under a 
microscope at 0, 24, and 48 h. 

Gene Expression Analysis
The effects of juglone application at 5, 10, 15, and 20 
µM concentrations in the presence of 2,5 µM NaSe on 
the expression of FOXL1, VIM, and MMP-7 genes were 
determined by quantitative real-time polymerase chain 
reaction (qPCR). RNA was isolated from all J/S-treated 
and control groups and translated into cDNA. Suitable 
primers for the targeted genes and for the β-actin gene, the 
housekeeping gene in our study, were used for qPCR. 

Statistical Analysis
The 2-ΔΔCT method was used to analyze the relative 
changes in gene expression. Expression changes as 2-fold 
increase and decrease were considered significant. For 
the migration assay, the wound area was calculated using 
ImageJ software. The area comparison between the control 
and J/S combination-treated groups was done by imaging 
cells at 0, 24, and 48 h. Wound closure rates were calculated 
as a percentage by comparing the remaining areas after 24 
h and 48 h.

Ethics Statement
This study was approved by the Local Ethical Committee 
of Selçuk University Faculty of Medicine (decision no: 
2019/256, date: 16.10.2019) and conducted in accordance 
with the Declaration of Helsinki.
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RESULTS

Cytotoxic Effects of Juglone-selenium
For PANC-1 and BxPC-3 cell lines, IC50 doses of J/S were 
determined as 16.3 µM and 15.17 µM for 24 h, respectively, 
using the GraphPad Prism 6 program by Arikoglu et al. (27). 
Based on these IC50 doses, the J/S treatment doses used in 
our experiments were 5, 10, 15 and 20 μM.

Wound-healing Assay
The effect of the J/S combination on the invasive ability was 
investigated using the wound healing assay. According to 
the wound healing assay, it was observed that migration 
was suppressed in both J/S-treated cell lines compared with 
the control group. The results of the wound healing assay 
are shown as percentage rates in Table 1 and as images in 
Figures 1 and 2. However, cell losses were also observed 
with suppression of migration in BxPC-3 cells (Figure 2). 
In microscopic evaluations, it was observed that these cell 
losses were not due to cell death; rather, cell loss was due 
to the loss of their adhesion properties, separating and 
disrupting tissue integrity. 

Effect of Juglone-selenium Applications on Gene 
Expression
Gene expression analysis results related to the effects of 
the J/S combination on gene expression were shown in 
Figures 3 and 4. While evaluating the results, changes of 
two fold and above were considered significant. Following 
J/S treatment, the expression of FOXL1, VIM, and MMP-7 
genes was analyzed by qPCR. After 24 h of J/S treatment 
in the PANC-1 cell line, gene expression levels were 
determined and compared with the control group. MMP-
7 gene expression increased 2.7-fold, 8.2-fold, and 6.4-fold 
at 10, 15, and 20 μM J/S treatments, respectively; and VIM 
gene expression increased 2.3-fold, 3.3-fold, and 2.4-fold at 
10, 15, and 20 μM doses, respectively, while FOXL1 gene 
expression decreased 12.3-fold, 8-fold, 11.3-fold, and 4.6-
fold in 5, 10, 15, and 20 μM treatments (Figure 3).

Table 1. Migration properties of PANC-1 and BxPC-3 cells and 
the percent closure rates of wound healing assay after J/S 
treatments (%)

PANC-1 BXPC-1

24-hour 48-hour 24-hour 48-hour

Control 23.98 36.46 38.72 96.56

5 μM 28.17 45.14 -38.93 -34.56

10 μM 5.78 9.78 -16.77 -4.75

15 μM 12.08 14.21 -2.94 -16.80

20 μM 3.77 6.34 -6.23 -10.77

Figure 1. Microscopic images of the effects of J/S treatments on the migration 
properties of PANC-1 cells

Figure 2. Microscopic images of the effects of J/S treatments on the migration 
properties of BxPC-3 cells
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MMP-7 gene expression in BxPC-3 cells showed a 2.5-fold, 
5.5-fold, 6.5-fold increase, and 3.2-fold decrease with 5, 10, 
15, and 20 μM treatments, respectively. Unlike PANC-1 cells, 
after J/S treatment, VIM expression decreased at all doses 
with significant levels as 7.3-fold, 3.9-fold, 4.8-fold, and 
6.9-fold, respectively. FOXL1 gene expression decreased 
significantly at all doses as 8.5-fold, 3.3-fold, 3.8-fold and 6.6-
fold decreases in 5, 10, 15 and 20 μM treatments, respectively, 
similar to that observed in PANC-1 cells (Figure 4). 

DISCUSSION
Due to the late diagnosis, rapid development, and de 
novo chemoresistance of PC cells against cytotoxic 

chemotherapeutic agents and/or radiotherapy, difficulties 
arise for treating PC, leading to a high mortality rate (28). 
The interaction between cancer stem cells and TME in 
PC causes poor prognosis in patients with multifactorial 
chemoresistance (29). Despite the most frequently 
altered genes (KRAS, TP53, CDKN2A, and SMAD4) being 
determined in PC, limited recovery is observed due to 
the resistance to chemotherapy and radiotherapy as 

well as immune therapy, which leads to searches for new 
approaches to treat PC focusing on various phytochemicals 
(30-32).

Juglone, a secondary metabolite obtained from various 
parts of Juglandaceae walnut trees, such as leaves, roots, 
shells, and fruits, is an effective cytotoxic agent that induces 
ROS and causes a change in redox homeostasis in the 
cell, leading to apoptosis as well as necrotic cell death. 
The cytotoxic effects of juglone on cancer cells have been 
demonstrated by several studies on different cancer cells 
such as human prostate cancer cells (LNCaP), human gastric 
cancer cells (SGC-7901), human leukemia cells (HL-60), and 
human colon carcinoma cells (HCT-8 and HCT-15) (33-37). 
Juglone is also an effective inhibitor of Pin1 (peptidyl-prolyl 
isomerase), which plays a role in cell cycle control and is 
overexpressed in most cancer types (38). 

Selenium, an essential trace element, plays an important 
role in many basic physiological processes by participating 
in the structure of selenoproteins (39). To date, the 
therapeutic effects of organic and inorganic forms of 
selenium components on human cancers have been 
investigated (22,40-42). Selenium-containing compounds, 
which participate in basic biological processes ranging 
from apoptosis to immunity, including cellular antioxidant 
defense, DNA protection, and repair, also function as 
antioxidant enzymes such as thioredoxin reductase and 
glutathione peroxidase (41-42). Selenium has also been 
reported to have an anti-cancer effect by mechanisms 
such as accelerating oxidation in cancer cells, modulating 
carcinogenesis metabolism, regulating the Trx redox system 
and inhibiting angiogenesis, as well as inducing apoptosis 
secondary by creating ROS (40-42).

The results indicating that selenium inhibits invasion and 
metastasis in cancer cells also suggest that selenium is a 
promising chemotherapeutic agent for treating PC (41). It 
has been reported that high levels of selenium in the blood 
of patients who take dietary selenium supplements with PC 
significantly reduce the incidence and mortality of cancer 
and increase the DNA damage repair response (40,43). In 
a Phase I clinical trial evaluating the safety and efficacy of 
intravenously administered NaSe, it was found that NaSe can 
be safely tolerated in humans up to 10.2 mg/m (44). Moro 
et al. (24) revealed that 15 µM NaSe, which they determined 
as the application dose, is significantly below the maximum 
tolerated dose reported for humans. In addition, according 
to transcriptome data analysis, it decreases the expression 
of genes having metastatic potential (CEMIP, DDR2, PLOD2, 
P4HA1) known to drive PDAC growth. They reported that it 
significantly increased the expression of genes (ATF3, ACHE) 

Figure 4. Effects of J/S treatments on the expressions of target genes in BxPC-
3 cells

Figure 3. Effects of J/S treatments on the expressions of target genes in PANC-
1 cells
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that induce cell death. In the same study, it was determined 
that NaSe has extraordinary efficacy and specificity against 
drug-resistant PC by reducing de novo tumor cell growth 
while protecting non-neoplastic tissues in an organotypic 
tissue culture model (24). 

FOLFIRINOX (5-fluorouracil, leucovorin, oxaliplatin, and 
irinotecan) and gemcitabine/nab-paclitaxel combinations 
are commonly used as first-line systemic therapy for PDAC 
(14,15). Radiation therapy is recommended following the 
chemotherapeutic treatment of PCs, and new combinations 
are being investigated to enhance chemotherapeutics 
(45). Wooten et al. (22) showed that selenium has an 
antimetastatic effect by creating a synergistic effect with 
gemcitabine in their study on BxPC-3 cell lines grown on 2D 
and 3D platforms.

FOX proteins are a large family of transcription factors that 
have important functions in different biological processes 
such as cell cycle control, differentiation, epithelial 
proliferation, and development of the gastrointestinal tract 
(46,47). It has been hypothesized that low FOXL1 expression 
is associated with an increase in cancer-related mortality and 
therefore affects PC progression. It has been reported that 
FOXL1, especially expressed in the gastrointestinal tract, is 
a tumor suppressor gene, and studies have shown that the 
expression of FOXL1 leads to apoptosis of cancer cells by 
inducing TRAIL expression (48) and triggers apoptosis by 
disrupting mitochondrial transmembrance depolarization 
by inducing cytochrome c release (49). In osteosarcoma, 
overexpression of FOXL1 has also been reported to 
suppress proliferation by increasing the expression of p27 
and p21, thus stopping the cycle (49). In addition, FOXL1 
represses ZEB1 transcription by binding directly to the 
promoter region, which is one of the activators of epithelial 
-mesenchymal changes that affect cancer cell invasion and 
aggressiveness (48).

Our previous study (27) reported that J/S has a cytotoxic 
and dose-dependent suppressive effect on invasion and 
metastasis in PANC-1 and BxPC-3 cells. Because the 
increase in FOXL1 expression was shown in the literature 
to be associated with suppression of invasion and adhesion 
ability; an increase in FOXL1 expression was expected  
after J/S application in our study. However, contrary to 
expectations, FOXL1 expression decreased at all doses in 
both cell lines. Chen et al. (50) reported that higher FOXL1 
expression in gliomas is associated with a worse prognosis, 
unlike other malignant tumors. Our study suggests that the 
decrease in the expression level of FOXL1 is important in 
PC, possibly because suppressing the expression of FOXL1 
by J/S may make the poor prognosis of PC more moderate. 

EMT is a physiological process in which epithelial cells 
transform into mesenchymal phenotype cells through certain 
physiological procedures and under certain conditions. In 
the EMT process, the epithelial cell loses its characteristic 
cell-cell connections, polarity changes, keratin intercalation 
in the cytoskeletal system transforms into VIM intercalation, 
and becomes isolated from neighboring cells and mobile 
and anoikis-resistant cells (51). Apart from apoptosis, the 
most well-known mode of cell death has been anoikis and 
ferroptosis recently. Ferroptosis is an iron-dependent and 
non-apoptotic form of cell death that is commonly involved 
in human pathological conditions, including cancer therapy 
resistance and brain injury (52). Karki et al. (53) showed that 
juglone also induces cell death by ferroptosis in the KRAS-
mutated MIA PaCa-2 pancreatic cell line. VIM is an important 
gene involved in the EMT and metastasis. According to 
our results, J/S administration increased VIM expression 
in PANC-1 cells and a significant decrease in BxPC-3 cells. 
This opposite effect of J/S may be because of the different 
origins and different cell properties and behaviors of the 
pancreatic cell lines. In addition, unexpected increases in 
VIM expression in PANC-1 cells after J/S application may be 
caused by different unknown functions of VIM.

Another key gene investigated in our study is the MMP-
7 gene, which is a matrix metalloprotease that plays an 
important role in invasion. MMP-7 is especially secreted 
from epithelial cells and is overexpressed in many types 
of cancer (54) including PC (55-57). Therefore, suppression 
of MMP-7 expression may be an important strategy for 
inhibiting PC metastasis. Avcı et al. (25) showed that juglone 
has suppressive effects on MMP-2 and MMP-9 expression 
in PANC-1 and BxPC-3 pancreatic cells. In our study, it was 
determined that J/S did not have a suppressive effect on 
MMP-7. There was an increase in MMP-7 expression in both 
cells at all doses, whereas there was a decrease in BxPC-3 
cells only at the 20 µM dose. This result is almost consistent 
with the results of Gokturk et al. (26) who reported increased 
MMP-7 expression in PANC-1 and BxPC3 cells. We suggest 
that the increase in the expression of the MMP-7 gene 
caused by J/S may create an antimetastatic effect differently 
than we anticipated. Powell et al. (57) stated that juglone 
induces apoptosis because of increased expression of the 
MMP-7 gene, caused by the production of membrane-
bound FAS ligand and binding to the FAS receptor, which is 
the main mediator of epithelial cell apoptosis. Endothelial 
and epithelial cells can continue to survive and proliferate 
when in contact with the ECM. If this connection is broken, 
it can trigger anoikis both in vitro and in vivo. Therefore, 
it is possible that the increase in MMP-7 gene expression, 
which is responsible for the degradation of important matrix 



254

Med J Bakirkoy 2023;19:248-255

proteins such as collagen and fibronectin, may trigger 
anoikis, leading to tumor cell apoptosis. 

According to the wound healing assay, migration was 
suppressed in both cell lines compared with the control 
group. Migration in PANC-1 cells decreased in a dose-
dependent manner. Although migration of BxPC-3 cells was 
suppressed at all doses, it was evaluated that this dramatic 
decrease was because of cell death due to the toxicity of J/S 
treatment. In the adhesion tests performed in our previous 
study (27), it was determined that J/S treatment decreased 
the adhesion levels of PC cells in a dose-dependent manner, 
consistent with our current wound-healing results.

CONCLUSION
It has been shown in our previous studies that juglone 
has cytotoxic and antimetastatic effects on PANC-1 and 
BxPC-3 cells, and selenium strengthens the cytotoxic and 
antimetastatic properties by suppressing invasion and 
metastasis. In this study, we evaluated the effects of J/S 
treatment on adhesion and invasion by evaluating the 
expression of FOXL1, VIM, and MMP-7, which are critical 
genes for metastatic processes and wound healing analysis. 
The potent antimetastatic effects of juglone on PC cells have 
been demonstrated in our previous studies and this study. 
Selenium also strengthens these effects. When all these 
studies are evaluated together, juglone should be evaluated 
as an important therapeutic candidate, especially for the 
development of antimetastatic agents for treating PC, which 
is known to have silent progress and metastasis at the time of 
diagnosis. For a more comprehensive evaluation of the juglone 
and J/S combination, which clearly showed the antimetastatic 
effects with the invasion, adhesion, and wound healing tests, 
more other genes and their protein products that have a role 
in metastatic processes should be investigated. 

ETHICS 
Ethics Committee Approval: This study was approved by 
the Local Ethical Committee of Selçuk University Faculty 
of Medicine (decision no: 2019/256, date: 16.10.2019) and 
conducted in accordance with the Declaration of Helsinki.

Informed Consent: The study does not require patient 
consent.

Authorship Contributions 
Concept: H.A., Design: D.E.K., Data Collection or Processing: 
F.G., F.B., Analysis or Interpretation: D.E.K., H.A., Literature 
Search: F.G., F.B., Interpretation: D.E.K., Technical Studies: F.G., 
Cell Culture: F.B., Critical Review: H.A., Writing: D.E.K., H.A. 

Conflict of Interest: No conflict of interest was declared by 
the authors. 

Financial Disclosure: This study was supported by the 
Scientific Research Projects Coordinatorship of Selçuk 
University (Project no: 19401145).

REFERENCES
1. 	 Hidalgo M, Cascinu S, Kleeff J, Labianca R, Löhr JM, Neoptolemos 

J, et al. Addressing the challenges of pancreatic cancer: future 
directions for improving outcomes. Pancreatology 2015;15:8-18. 

2. 	 McGuigan A, Kelly P, Turkington RC, Jones C, Coleman HG, McCain 
RS. Pancreatic cancer: A review of clinical diagnosis, epidemiology, 
treatment and outcomes. World J Gastroenterol 2018;24:4846-61.

3. 	 Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, 
Matrisian LM. Projecting cancer incidence and deaths to 2030: the 
unexpected burden of thyroid, liver, and pancreas cancers in the 
United States. Cancer Res 2014;74:2913-21. 

4. 	 Wanebo HJ, Vezeridis MP. Pancreatic carcinoma in perspective. A 
continuing challenge. Cancer 1996;78(3 Suppl):580-91.

5. 	 Evans DB, Lee JE, Pisters PW, Charnsangavej C, Ellis LM, Chiao PJ, 
et al. Advances in the diagnosis and treatment of adenocarcinoma 
of the pancreas. Cancer Treat Res 1997;90:109-25.

6. 	 Poste G, Fidler IJ. The pathogenesis of cancer metastasis. Nature 
1980;283:139-46.

7. 	 Ren B, Cui M, Yang G, Wang H, Feng M, You L, et al. Tumor 
microenvironment participates in metastasis of pancreatic cancer. 
Mol Cancer 2018;17:108.

8. Stopa KB, Kusiak AA, Szopa MD, Ferdek PE, Jakubowska MA. 
Pancreatic Cancer and Its Microenvironment-Recent Advances and 
Current Controversies. Int J Mol Sci 2020;21:3218.

9. 	 Neesse A, Algül H, Tuveson DA, Gress TM. Stromal biology 
and therapy in pancreatic cancer: a changing paradigm. Gut 
2015;64:1476-84.

10. 	Erkan M, Kurtoglu M, Kleeff J. The role of hypoxia in pancreatic 
cancer: a potential therapeutic target? Expert Rev Gastroenterol 
Hepatol 2016;10:301-16.

11. Lygidakis NJ, Jain S, Sacchi M, Vrachnos P. Adenocarcinoma of 
the pancreas--past, present and future. Hepatogastroenterology 
2005;52:1281-92.

12. 	Kleeff J, Korc M, Apte M, La Vecchia C, Johnson CD, Biankin AV, et 
al. Pancreatic cancer. Nat Rev Dis Primers 2016;2:16022.

13. 	Neoptolemos JP, Kleeff J, Michl P, Costello E, Greenhalf W, Palmer 
DH. Therapeutic developments in pancreatic cancer: current and 
future perspectives. Nat Rev Gastroenterol Hepatol 2018;15:333-48.

14. 	Kosuge T, Kiuchi T, Mukai K, Kakizoe T; Japanese Study Group of 
Adjuvant Therapy for Pancreatic Cancer (JSAP). A multicenter 
randomized controlled trial to evaluate the effect of adjuvant 
cisplatin and 5-fluorouracil therapy after curative resection in cases 
of pancreatic cancer. Jpn J Clin Oncol 2006;36:159-65. 

15. 	Khorana AA, McKernin SE, Berlin J, Hong TS, Maitra A, Moravek 
C, et al. Potentially Curable Pancreatic Adenocarcinoma: ASCO 
Clinical Practice Guideline Update. J Clin Oncol 2019;37:2082-8.

16. 	Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, Bécouarn 
Y, et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic 
cancer. N Engl J Med 2011;364:1817-25.

17. Tempero MA, Malafa MP, Chiorean EG, Czito B, Scaife C, Narang 
AK, et al. Pancreatic Adenocarcinoma, Version 1.2019. J Natl Compr 
Canc Netw 2019;17:202-10.

18. 	de Geus SWL, Sachs TE. A Paradigm Shifts: Neoadjuvant Therapy 
for Clearly Resectable Pancreatic Cancer .Ann Surg Oncol 
2023;75:1481-96 

19. Narayanan P, Farghadani R, Nyamathulla S, Rajarajeswaran J, 
Thirugnanasampandan R, Bhuwaneswari G. Natural quinones 
induce ROS-mediated apoptosis and inhibit cell migration in 
PANC-1 human pancreatic cancer cell line. J Biochem Mol Toxicol 
2022;36:e23008.



255

Erkoç Kaya et al. Potent Antimetastatic Effects of Juglone on Pancreatic Cancer Cells Strengthened with Selenium

20. 	Jha BK, Jung HJ, Seo I, Suh SI, Suh MH, Baek WK. Juglone induces 
cell death of Acanthamoeba through increased production of 
reactive oxygen species. Exp Parasitol 2015;159:100-6.

21. 	Vinceti M, Filippini T, Del Giovane C, Dennert G, Zwahlen M, 
Brinkman M, et al. Selenium for preventing cancer. Cochrane 
Database Syst Rev 2018;1:CD005195

22. 	Wooten DJ, Sinha I, Sinha R. Selenium Induces Pancreatic 
Cancer Cell Death Alone and in Combination with Gemcitabine. 
Biomedicines 2022;10:149.

23.	 Jackson MI, Combs GF Jr. Selenium and anticarcinogenesis: 
underlying mechanisms. Curr Opin Clin Nutr Metab Care 
2008;11:718-26.

24. 	Moro CF, Selvam AK, Ghaderi M, Pimenoff VN, Gerling M, Bozóky B, 
et al. Drug-induced tumor-specific cytotoxicity in a whole tissue ex 
vivo  model of human pancreatic ductal adenocarcinoma. Front 
Oncol 2022;12:965182.

25.	 Avcı E, Arıkoğlu H, Erkoç Kaya D. Investigation of juglone effects 
on metastasis and angiogenesis in pancreatic cancer cells. Gene 
2016;588:74-8.

26. 	Gokturk F, Erkoc-Kaya D, Arikoglu H. Juglone can inhibit 
angiogenesis and metastasis in pancreatic cancer cells by targeting 
Wnt/β-catenin signaling. Bratisl Lek Listy 2021;122:132-7.

27. 	Arikoglu H, Dursunoglu D, Kaya DE, Avci E. The effects of Juglone-
Selenium combination on invasion and metastasis in pancreatic 
cancer cell lines. Afr Health Sci 2022;22:334-42.

28. 	Schneider G, Siveke JT, Eckel F, Schmid RM. Pancreatic cancer: basic 
and clinical aspects. Gastroenterology 2005;128:1606-25.

29.	 Zeng S, Pöttler M, Lan B, Grützmann R, Pilarsky C, Yang H. 
Chemoresistance in Pancreatic Cancer. Int J Mol Sci 2019;20:4504. 

30. Deng S, Shanmugam MK, Kumar AP, Yap CT, Sethi G, Bishayee 
A. Targeting autophagy using natural compounds for cancer 
prevention and therapy. Cancer 2019;125:1228-46.

31. 	Piffoux M, Eriau E, Cassier PA. Autophagy as a therapeutic target in 
pancreatic cancer. Br J Cancer 2021;124:333-44.

32. Santofimia-Castaño P, Iovanna J. Combating pancreatic cancer 
chemoresistance by triggering multiple cell death pathways. 
Pancreatology 2021;21:522-9

33. Kamei H, Koide T, Kojima T, Hashimoto Y, Hasegawa M. Inhibition 
of cell growth in culture by quinones. Cancer Biother Radiopharm 
1998;13:185-8.

34. Xu HL, Yu XF, Qu SC, Zhang R, Qu XR, Chen YP, et al. Anti-
proliferative effect of Juglone from Juglans mandshurica Maxim 
on human leukemia cell HL-60 by inducing apoptosis through the 
mitochondria-dependent pathway. Eur J Pharmacol 2010;645:14-22.

35. Ji YB, Qu ZY, Zou X. Juglone-induced apoptosis in human gastric 
cancer SGC-7901 cells via the mitochondrial pathway. Exp Toxicol 
Pathol 2011;63:69-78.

36. Xu H, Yu X, Qu S, Sui D. Juglone, isolated from Juglans mandshurica 
Maxim, induces apoptosis via down-regulation of AR expression 
in human prostate cancer LNCaP cells. Bioorg Med Chem Lett 
2013;23:3631-4.

37. Yang L. Effects of Juglone on Adhesion and Activities of Matrix 
Metalloproteinases in Human Colon Carcinoma HCT-8Cells 2012.

38. Fila C, Metz C, van der Sluijs P. Juglone inactivates cysteine-rich 
proteins required for progression through mitosis. J Biol Chem 
2008;283:21714-24.

39. Bartolini D, Sancineto L, Fabro de Bem A, Tew KD, Santi C, Radi R, et 
al. Selenocompounds in Cancer Therapy: An Overview. Adv Cancer 
Res 2017;136:259-302.

40. Chatterjee S, Combs GF Jr, Chattopadhyay A, Stolzenberg-Solomon 
R. Serum selenium and pancreatic cancer: a prospective study in the 
Prostate, Lung, Colorectal and Ovarian Cancer Trial cohort. Cancer 
Causes Control 2019;30:457-64.

41. de Rosa V, Erkekoğlu P, Forestier A, Favier A, Hincal F, Diamond 
AM, et al. Low doses of selenium specifically stimulate the repair of 
oxidative DNA damage in LNCaP prostate cancer cells. Free Radic 
Res 2012;46:105-16.

42. Kim TS, Yun BY, Kim IY. Induction of the mitochondrial permeability 
transition by selenium compounds mediated by oxidation of the 
protein thiol groups and generation of the superoxide. Biochem 
Pharmacol 2003;66:2301-11.

43. Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, 
et al. Effects of selenium supplementation for cancer prevention in 
patients with carcinoma of the skin. A randomized controlled trial. 
Nutritional Prevention of Cancer Study Group. JAMA 1996;276:1957-
63.

44. 	Brodin O, Eksborg S, Wallenberg M, Asker-Hagelberg C, Larsen EH, 
Mohlkert D, et al. Pharmacokinetics and Toxicity of Sodium Selenite 
in the Treatment of Patients with Carcinoma in a Phase I Clinical Trial: 
The SECAR Study. Nutrients 2015;7:4978-94.

45. Leroux C, Konstantinidou G. Targeted Therapies for Pancreatic 
Cancer: Overview of Current Treatments and New Opportunities for 
Personalized Oncology. Cancers (Basel) 2021;13:799.

46. Perreault N, Sackett SD, Katz JP, Furth EE, Kaestner KH. Foxl1 is a 
mesenchymal Modifier of Min in carcinogenesis of stomach and 
colon. Genes Dev 2005;19:311-5.

47. 	Qin Y, Gong W, Zhang M, Wang J, Tang Z, Quan Z. Forkhead box L1 
is frequently downregulated in gallbladder cancer and inhibits cell 
growth through apoptosis induction by mitochondrial dysfunction. 
PLoS One 2014;9:e102084.

48. 	Zhang G, He P, Gaedcke J, Ghadimi BM, Ried T, Yfantis HG, et 
al. FOXL1, a novel candidate tumor suppressor, inhibits tumor 
aggressiveness and predicts outcome in human pancreatic cancer. 
Cancer Res 2013;73:5416-25.

49. 	Chen X, Deng M, Ma L, Zhou J, Xiao Y, Zhou X, et al. Inhibitory effects 
of forkhead box L1 gene on osteosarcoma growth through the 
induction of cell cycle arrest and apoptosis. Oncol Rep 2015;34:265-
71.

50. 	Chen A, Zhong L, Lv J. FOXL1 overexpression is associated with 
poor outcome in patients with glioma. Oncol Lett 2019;18:751-7.

51. Klymkowsky MW, Savagner P. Epithelial-mesenchymal transition: 
a cancer researcher’s conceptual friend and foe. Am J Pathol 
2009;174:1588-93.

52. 	Li J, Cao F, Yin HL, Huang ZJ, Lin ZT, Mao N, et al. Ferroptosis: past, 
present and future. Cell Death Dis 2020;11:88. 

53.	 Karki N, Aggarwal S, Laine RA, Greenway F, Losso JN. Cytotoxicity 
of juglone and thymoquinone against pancreatic cancer cells. Chem 
Biol Interact 2020;327:109142.

54. 	Yamamoto H, Itoh F, Iku S, Adachi Y, Fukushima H, Sasaki S, et 
al. Expression of matrix metalloproteinases and tissue inhibitors 
of metalloproteinases in human pancreatic adenocarcinomas: 
clinicopathologic and prognostic significance of matrilysin 
expression. J Clin Oncol 2001;19:1118-27.

55. 	Zeng ZS, Shu WP, Cohen AM, Guillem JG. Matrix metalloproteinase-7 
expression in colorectal cancer liver metastases: evidence for 
involvement of MMP-7 activation in human cancer metastases. Clin 
Cancer Res 2002;8:144-8. 

56. 	Polistena A, Cucina A, Dinicola S, Stene C, Cavallaro G, Ciardi A, 
et al. MMP7 expression in colorectal tumours of different stages. In 
Vivo 2014;28:105-10.

57.	 Powell WC, Fingleton B, Wilson CL, Boothby M, Matrisian LM. 
The metalloproteinase matrilysin proteolytically generates active 
soluble Fas ligand and potentiates epithelial cell apoptosis. Curr 
Biol 1999;9:1441-7.


