
© 2018 Khophai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2018:11 7019–7029

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
7019

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OTT.S178942

Zileuton suppresses cholangiocarcinoma cell 
proliferation and migration through inhibition 
of the akt signaling pathway

sasikamon Khophai1,2

Malinee Thanee1,2 
anchalee Techasen2,3

nisana namwat1,2

Poramate Klanrit1,2

attapol Titapun2,4 
apiwat Jarearnrat2,4

Prakasit sa-ngiamwibool2,5 
Watcharin loilome1,2

1Department of Biochemistry, 
Faculty of Medicine, Khon Kaen 
University, Khon Kaen, Thailand; 
2cholangiocarcinoma research 
institute, Khon Kaen University,  
Khon Kaen, Thailand; 3Faculty of 
associated Medical sciences, Khon 
Kaen University, Khon Kaen, Thailand; 
4Department of surgery, Faculty of 
Medicine, Khon Kaen University, 
Khon Kaen, Thailand; 5Department of 
Pathology, Faculty of Medicine, Khon 
Kaen University, Khon Kaen, Thailand

Background: Inflammatory lipid mediators play an important role in several cancer types. 

Leukotrienes (LTs), pro-inflammatory lipid mediators, are involved in chronic inflammation and 

cancer progression. They are derived from arachidonic acid by 5-lipoxygenase (5-LOX) activity. 

On the other hand, 15-lipoxygenase (15-LOX-1) converts LTs into lipoxins (LXs), pro-resolving 

lipid mediators. LXs are involved in the attenuation of inflammation and cancer development. 

Purpose: We aimed to investigate the lipid mediator pathways, especially the LTs and LXs 

pathways, by studying 5-LOX and 15-LOX-1 expression in human cholangiocarcinoma (CCA) 

tissue. We also investigated the efficiency of zileuton (5-LOX inhibitor) treatment and BML-

111 (LXA4 analog) addition on CCA cell lines properties. 

Patients and methods: The expression of 5-LOX and 15-LOX-1 in fifty human cholangiocar-

cinoma (CCA) tissue was analyzed using immunohistochemical staining. In addition, the effect 

of zileuton and BML-111 on CCA cell growth and migration was demonstrated using a cell 

viability assay and wound-healing assay, respectively. Furthermore, the molecular mechanism 

by which zileuton inhibits CCA cell migration was revealed using immunofluorescent staining 

and western blot analysis, respectively.

Results: We demonstrate that the upregulation of 5-LOX is significantly correlated with CCA 

recurrent status. A positive 15-LOX-1 signal was significantly associated with a longer survival 

time in CCA patients. We found that co-expression of 5-LOX and 15-LOX-1 resulted in a 

relatively good prognosis in CCA patients. In addition, zileuton could inhibit CCA cell migra-

tion as well as BML-111. Interestingly, zileuton treatment not only downregulated 5-LOX, but 

also upregulated 15-LOX-1, together with reversing the epithelial-mesenchymal transition to 

mesenchymal-epithelial transition phenotype as observed in EMT marker western blot.  

Conclusion: These findings suggest that 5-LOX and 15-LOX-1 play a key role in CCA and 

may serve as targets for CCA therapy.

Keywords: cholangiocarcinoma, 5-LOX, 15-LOX-1, zileuton, EMT, Akt pathway

Introduction
Cholangiocarcinoma (CCA) is a cancer arising from the bile duct epithelial cells. The 

highest incidence in the world is seen in northeastern Thailand, where liver fluke (Opist-

horchis viverrini [Ov]) infection is the major risk factor for its development.1 Chronic 

inflammation induced by Ov disturbs the homeostasis of oxidants/antioxidants and 

DNA repair enzymes by increasing levels of pro-inflammatory cytokines and nuclear 

factor κB that control cyclooxygenase-2 (COX
2
) and inducible nitric oxide activities. 

Oxidative and nitrative stress can induce the production of reactive oxygen and nitrogen 

species in inflamed target cells resulting in high levels of oxidized DNA and DNA bases 

modified by lipid peroxidation products.2 This suggests that Ov infection causing chronic 
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inflammation may lead to disorganization of the immune 

response contributing to cholangiocarcinogenesis.2

Lipid mediators, a class of bioactive lipids, are released 

via specific processes in response to tissue injury or infection, 

such as the entry of bacteria into the body.3 These mediators 

are divided into two groups, the proinflammatory lipid media-

tors, such as prostaglandins (PGs) and leukotrienes (LTs), 

and the pro-resolving lipid mediators, such as lipoxins (LXs) 

and resolvins (RVs). LTs and PGs amplify acute inflamma-

tion, whereas LXs have unique anti-inflammatory actions.4 

Therefore, the regulation of lipid mediator class switching 

is very important for the control of inflammatory processes 

and for returning tissue to homeostasis. The failure of lipid 

mediator class switching leads to chronic inflammation and 

is often linked to pathogenesis in several diseases, including 

cancer.4 Currently, evidence is accumulating suggesting that 

a distinct set of proteins that are essential for signal transduc-

tion (receptors), transport (transporters), and biosynthesis 

(enzymes), such as cyclooxygenase-2 (COX-2, produc-

ing PGs), 5-lipoxygenase (5-LOX, generating LTs), and 

15-lipoxygenase (15-LOX, converting LTs to be LXs), could 

be used to investigate the functions and dynamics of lipid 

mediators.3 However, 15-LOX is composed of two isoforms, 

15-LOX-1 and 15-LOX-2. A conversion of LTs to LX is done 

only by 15-LOX-1,4 whereas 15-LOX-2 converts arachidonic 

acid to 15S-hydroxyeicosatetraenoic acid. Hence, lipid medi-

ator class switching is mainly regulated by the two enzymes 

5-LOX and 15-LOX-1.5 Several studies have been performed 

to uncover the role(s) of lipid mediators in cancer develop-

ment and progression. Tong et al6 demonstrated that LTB4 

can induce pancreatic cancer cell proliferation. In contrast, 

Chen et al7 demonstrated that BML-111, which is a LXA
4
 

analog, can inhibit tumor growth in the mouse model. There 

are numerous studies relating high 5-LOX expression to a 

poor prognosis in cancers, including colorectal, pancreatic, 

and colon cancers.8–10 Moreover, 15-LOX isoforms, includ-

ing 15-LOX-1 and 15-LOX-2, are correlated with tumor 

suppression in many cancers.11 In particular, for 15-LOX-1, 

it has been found that low expression is correlated with a 

poor prognosis in various cancers, including esophageal, 

pancreatic, colon, and colorectal cancers.12–15 We recently 

showed that a high expression of COX
2
 could be observed 

in CCA tissues and that PGE
2
 promotes the proliferation and 

migration of CCA cell lines,16 although the importance of 

the LOX pathways in CCA is still unknown.

Based on these data, LOX might be a crucial enzyme 

playing a vital function in CCA development. Therefore, 

we investigated the expression of 5-LOX (the key enzyme 

generating LTs) and 15-LOX-1 (the key enzyme generating 

LXs) in the progression of CCA to determine whether these 

can be used as therapeutic targets for CCA treatment.

Materials and methods
human cca tissue specimens
Fifty samples of CCA tissue were collected from CCA patients 

admitted to the surgical wards of Srinagarind Hospital, Khon 

Kaen University. These were kept by the Cholangiocarci-

noma Research Institute. The protocol for the collection was 

approved by the Ethics Committee for Human Research, 

Khon Kaen University (#HE571283). Written informed 

consent was obtained from all patients.

The clinicopathological features of all samples are shown 

in Table 1. There were 20 samples from female cases (40%) 

and 30 samples from male cases (60%). The median age of 

the patients was 56 years (range 36–76 years). The histologi-

cal types were 38 cases of nonpapillary (76%) and 12 cases 

of papillary CCA. Based on the TNM staging, there were 

12 cases of stage I–II (24%) and 28 cases of stage III–IV 

(76%). There were 40 cases without metastases (80%) and 

10 cases with metastases. Among them, the recurrence status 

was clearly recorded in 41 cases, comprising 31 cases of 

recurrence (76%) and 10 cases of nonrecurrence (24%).

human cca cell lines
An immortalized cholangiocyte cell line MMNK1 and 

KKU-023, KKU-213 and KKU-100 CCA cell lines were 

used for this study. MMNK1 was received from Professor 

Naoya Kobayashi (Okayama University, Okayama, Japan). 

This cell line was established from cholangiocyte hepato-

cytes (transduced with SV40T and hTERT).17 KKU-023 

cells were established from pathologically proven bile duct 

cancer tissues of a patient who was resident in the northeast 

Thailand and from whom written informed consent was 

obtained.18 The KKU-213 and KKU-100 cell lines were 

obtained from the Japanese Collection of Research Biore-

sources (JCRB) Cell Bank, Osaka, Japan. All of the cell lines 

were cultured in DMEM (Sigma-Aldrich Co., St Louis, MO, 

Table 1 The patient’s clinicopathological data

Patients (n=50) Mean or percentage

age (years) 56±10 (36–76)
Male (n) 30/50 (60%)
Histology (n)
nonpapillary type 38 (76%)
Papillary type 12 (24%)
stage (i–ii) 12 (24%)
stage (iii–iV) 38 (76%)
survival (days) 378±500 (34–2,580)
Patients with metastases (n) 10/50 (20%)
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USA) supplemented with inactivated 10% FBS, 100 U/mL 

of penicillin–streptomycin, and NaHCO
3
 in a humidified 

atmosphere containing 5% CO
2
.

chemicals
Zileuton was purchased from Sigma-Aldrich Co., and BML-

111 was purchased from Abcam (Cambridge, UK).

immunohistochemical staining
Immunohistochemical staining was performed to identify the 

expression of 5-LOX and 15-LOX-1 in human CCA tissues. 

Paraffin-embedded tissues were de-paraffinized and rehydrated 

with xylene and ethanol, respectively. Antigen retrieval was 

performed by pressure cooking with Tris-EDTA pH 9.0 con-

taining 0.05% Tween 20 for 3 minutes. The sections were 

treated with 0.3% hydrogen peroxide to block endogenous 

hydrogen peroxide activity and 10% skim milk to block non-

specific binding for 30 minutes each. The primary antibody 

direct anti-5-LOX (diluted 1:50; ab169755; Abcam) and anti-

15-LOX-1 (diluted 1:150; ab119774; Abcam) were incubated 

for 1 hour at room temperature followed by 4°C overnight. 

The sections were then incubated with peroxidase-conjugated 

Envision TM secondary anti-rabbit antibody (Dako Denmark 

A/S, Glostrup, Denmark) for 1.30 hour for 5-LOX antibody and 

with secondary antibody for 3 hours for 15-LOX-1 antibody 

after washing with 0.1% (v/v) Tween 20 in PBS (3 times) and 

PBS for 5 minutes. After that, the signal was developed with 

a 3,3′diaminobenzidine tetrahydrochloride (DAB) substrate 

kit (Vector Laboratories, Inc., Burlingame, CA, USA) for 

15 minutes and the slides were then counterstained with May-

er’s hematoxylin. Finally, the sections were dehydrated with 

ethanol and xylene and mounted with permount (Bio Optica 

Milano S.p.A., Milano, Italy). Next, the stained sections were 

viewed under a microscope using ×400 magnification (Ni-U; 

Nikon Instruments, Melville, NY, USA). The scoring of immu-

nohistochemistry (IHC) was determined using H-score.19

Immunofluorescent staining
Immunofluorescent staining was performed to detect the 

protein localization of 5-LOX and 15-LOX-1 in CCA tissues. 

E-cadherin and vimentin (an epithelial–mesenchymal transi-

tion [EMT] marker) were also observed by immunofluorescent 

staining in the zileuton-treated cell line (KKU-023). Protein 

localization of 5-LOX and 15-LOX-1 in CCA tissues was 

performed by immunohistochemical staining until primary 

antibody addition. The tissue was then incubated with Alexa 

Fluor 488 or 555-conjugated secondary antibodies (Thermo 

Fisher Scientific, Waltham, MA, USA) (dilution 1:100 for 

5-LOX and 1:300 for 15-LOX-1) for 1 hour in the dark. 

Mounting was then carried out in mounting medium (1:200 

DAPI in 50% glycerol PBS), and staining was detected under 

a confocal microscope (Carl Zeiss Meditec AG, Jena, Ger-

many). For EMT expression, KKU-023 cells were treated with 

50, 100, and 200 µM of zileuton. The cells were washed with 

PBS and then fixed by the addition of 4% paraformaldehyde 

for 30 minutes followed by washing twice with PBS at room 

temperature. The blocking step was performed using 5% skim 

milk for 1 hour at room temperature, and the cells were then 

incubated with primary E-cadherin and vimentin (dilution 

1:100 for all). After incubation, they were washed three times 

with PBS and incubated with 1:200 secondary antibody (fluo-

resce dye) for 1 hour in the dark. Finally, the cells were washed 

three times with PBS followed by mounting in medium (1:200 

DAPI in 50% glycerol PBS) and staining was detected under 

a confocal microscope using ×630 magnification.

sDs-Page and Western blot analysis
Protein extracts were loaded onto NuPAGE® Novex 4%–12% 

Bis-Tris gels (Thermo Fisher Scientific) using MES running 

buffer (Thermo Fisher Scientific) and blotted onto PVDF 

membranes (Bio-Rad Laboratories Inc., Hercules, CA, USA). 

The membranes were blocked with 5% skim milk in Tris-

buffered saline (TBS) at room temperature for 1 hour. Then, 

they were stained with primary antibody at 4°C overnight. 

After that, they were washed with TBS containing 0.1% 

Tween 20 (three times) followed by TBS for 5 minutes each. 

The membranes were further incubated with secondary anti-

body at room temperature for 1 hour and then washed. The 

signal was seen after membrane exposure to the ECL Prime 

Western Blotting Detection System (GE Healthcare, UK) 

by chemiluminescent detection, Amersham Imager 600 (GE 

Healthcare UK Ltd, Little Chalfont, UK). In this study, anti-

β-actin antibody was used as an internal loading control.

cell viability assay
A sulforhodamine B (SRB) assay was used to determine 

cell proliferation. CCA cell lines were seeded in triplicate 

into 96-well plates and incubated or 72 hours using the fol-

lowing three media: control medium, medium containing 

varying concentrations of zileuton, and medium containing 

varying concentrations of BML-111. The treated cells were 

fixed with TCA and stained with 0.4% (w/v) SRB in 1% 

(v/v) acetic acid for 45 minutes. They were subsequently 

washed three times with 1% (v/v) acetic acid and dried. 

Next, the protein-bound stain was solubilized with 10 mM 

Tris base (pH 10.5) for 1 hour using a shaker. Absorbance 

was measured at 540 nm using a microplate reader (Sunrise, 

TECAN Trading, Switzerland).
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Wound-healing assay
After the monolayer of CCA cells reach confluence, they 

were scratched by using a sterile plastic micropipette tip 

and then the cell debris removed. Cells were treated with 

medium with/without zileuton or BML-111. KKU-023 cells 

were observed at 12, 18, and 24 hours. KKU-213 cells were 

observed at 6, 9, and 12 hours, and KKU-100 cells were 

observed at 24, 48, and 72 hours. The migration of cells 

into the wound area were observed and photographed under 

a microscope using ×100 magnification (Ni-U). The degree 

of cell spread as determined by wound area was compared 

between groups.

statistical analysis
Statistical analysis was performed using the SPSS software 

(SPSS software v.19; IBM Corporation, Armonk, NY, USA). 

The correlation between 5-LOX and 15-LOX-1 expression and 

the clinicopathological data of CCA patients were analyzed 

by Chi-squared test. Survival analysis was determined using 

Kaplan–Meier statistics. The graph was expressed as mean 

± SD (GraphPad Prism 5). The result of functional and non-

functional assays, such as cell proliferation and migration, was 

determined using a Student’s t-test (Microsoft excel 2013). 

The results were considered to be significant at P,0.05.

Results
5-lOX and 15-lOX expression and their 
clinical associations
The immunohistochemical staining of 5-LOX on 50 human 

CCA tissues showed that 5-LOX was expressed on peri-

nuclease and the cytoplasm of cancer epithelial bile duct cells 

(Figure 1C), as well as on inflammatory cells (Figure 1A). 

Figure 1 The expression and localization of 5-lOX and 15-lOX-1 in cca tissues and their correlation with prognosis.
Notes: (A) Representative images of IHC demonstrating the high and low expression of 5-LOX in CCA tissues. Positive inflammatory cell staining was observed as indicated 
by the black arrow (magnification, ×400). (B) The negative and positive signals of 15-LOX-1 in CCA tissues were determined by IHC staining (magnification, ×400). (C) The 
co-localization of 5-LOX and 15-LOX-1 immunofluorescence staining in CCA tissues was evaluated (magnification, ×400). (D–F) survival analysis of 5-lOX, 15-lOX-1, and 
combination of 5-lOX and 15-lOX-1 expression in each patient with cca by the Kaplan–Meier method.
Abbreviations: cca, cholangiocarcinoma; ihc, immunohistochemistry; 5-lOX, 5-lipoxygenase; 15-lOX-1, 15-lipoxygenase.
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Twenty-one of the 50 CCA patients (42%) showed a low expres-

sion of 5-LOX, while high expression was seen in 29 cases 

(58%) (Figure 1A). Table 2 shows that significantly more male 

than female (P=0.047) CCA patients have a high 5-LOX signal. 

Importantly, the CCA patients with a high level of 5-LOX were 

significantly associated with the recurrence of disease (P=0.032) 

(Table 2). Kaplan–Meier survival analysis showed that patients 

with 5-LOX overexpression have a significantly longer survival 

rate than low expression patients (P,0.010; Figure 1D).

A positive signal of 15-LOX-1 was seen in 16 cases (32%) 

(Figure 1C), whereas negative expression was observed in 

34 cases (68%) (Figure 1B). Positive 15-LOX-1 expres-

sion was not significantly associated with any other clinical 

parameters (Table 2). Interestingly, patients with a high 

expression of 15-LOX-1 had a significantly longer survival 

when compared with the patients with a low 15-LOX-1 

expression (P=0.044; Figure 1E). Combining 5-LOX and 

15-LOX-1 expression revealed a significant correlation 

between the 5-LOX-positive and 15-LOX-1-negative groups 

with shorter survival rate than the 5-LOX-positive and 

15-LOX-1-positive groups (P=0.030; Figure 1F).

effect of zileuton and BMl-111 on cca 
cell viability
The level of 5-LOX and 15-LOX-1 in cell lines determined 

by Western blot revealed the expression of 5-LOX in 

KKU-023, while it was not found in MMNK-1, KKU-213, 

or KKU-100. A high signal for 15-LOX-1 was observed 

in KKU-023 and KKU-213, whereas a low signal was 

found in MMNK-1 and no signal was found in KKU-100 

(Figure 2A). Importantly, the SRB assay showed that CCA 

cell viability was inhibited by zileuton at 72 hours at 400 µM 

in all CCA cell lines (Figure 2B). However, low concentra-

tions of zileuton did not affect CCA cell survival. Similarly, 

BML-111 did not affect CCA cell viability in any of the CCA 

cell lines (Figure 2C).

Zileuton inhibits cca cell migration
The ability of cancer cells to migrate in KKU-023 was 

significantly decreased after zileuton treatment in a dose-

dependent manner at 18 hours (P,0.05) and 24 hours 

(P,0.05), while cell migration at 12 hours was inhibited at 

100 and 200 µM of zileuton (P,0.01) (Figure 3A and B). 

In addition, there was a significant inhibition of KKU-213 

cell migration in a dose-dependent manner after treatment 

with zileuton at 12 hours, while decreasing cell migration 

at 200 µM of zileuton was found at 9 hours (P,0.05) 

(Figure 3C and D). Furthermore, cancer cell migration in 

KKU-100 treated with 50, 100, and 200 µM of zileuton was 

significantly suppressed at 48 hours (P,0.05), as was cell 

migration at 100 and 200 µM of zileuton at 24 and 72 hours 

(Figure 3E and F).

Table 2 Univariate analysis for 5-lOX and 15-lOX-1 expression in human cca tissues and the patient’s clinicopathological data

Characteristics n 5-LOX P-value 15-LOX P-value

Low High Negative Positive

Age (years)
,56
$56

26
24

14
7

12
17

0.077
18
16

8
8

0.846

Sex
Female
Male

20
30

5
16

15
14

0.047a

14
20

6
10

0.804

Histological types
nonpapillary
Papillary

38
12

15
6

23
6

0.520
25
9

13
3

0.728

Metastasis
nonmetastasis
Metastasis

40
10

17
4

23
6

1.000
27
7

13
3

1.000

TNM stage
i–ii
iii–iV

8
42

2
21

6
21

0.193
5
29

3
13

0.700

Recurrence
nonrecurrence
recurrence

10
31

8
2

2
19

0.032a

8
2

22
9

0.700

Tumor size (cm)
,2
$2

2
31

0
15

2
16

0.183
2
23

0
8

0.409

Note: aP,0.05 indicates a statistically significant difference.
Abbreviations: cca, cholangiocarcinoma; 5-lOX, 5-lipoxygenase; 15-lOX-1, 15-lipoxygenase.
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(P,0.05); additionally, 200 µM of BML-111 could inhibit 

migration at 24 and 48 hours (P,0.05), and 72 hours 

(P,0.01) (Figure 4E and F). However, no inhibitory effect of 

BML-111 on KKU-213 cell migration was found (Figure 4C 

and D).

Zileuton reduces the expression of 
eMT-related protein possibly via the 
akt signaling pathway
Western blot analysis was performed to determine protein 

expression of E-cadherin, vimentin, snail, and also targeted 

protein consisting of 5-LOX and 15-LOX-1 in KKU-023. 

The expression of 5-LOX was decreased after treatment with 

100 and 200 µM of zileuton, while the 15-LOX-1 level was 

increased after treatment with 50, 100, and 200 µM of zileuton 

(Figure 5A and B, respectively). Moreover, E-cadherin was 

upregulated, whereas vimentin and snail were decreased in a 

dose-dependent manner. In addition, zileuton-treated KKU-

023 cells showed enhanced signal of E-cadherin, while the 

vimentin signal of zileuton-treated cells was lower than that 

of untreated cells (Figure 5C). Interestingly, the Akt signaling 

pathway was inhibited in zileuton-treated KKU-023 cells. The 

suppression of the Akt signaling pathway was also observed 

in zileuton-treated KKU-100 cells (data not shown).

Discussion
LTs are the lipid mediators that are involved in inflammatory 

processes and carcinogenesis.20–23 LTs have been shown to 

play an important role in many types of cancer.24–27 5-LOX is 

a key enzyme generating LTs.28 Upregulation of 5-LOX cor-

relates with a poor prognosis and cancer progression in sev-

eral cancers.8–10 The inhibition of 5-LOX results in a reduction 

of cancer progression, including cell proliferation, migration, 

invasion, and angiogenesis.29 15-LOX-1 is an enzyme that 

converts LTs into LXs.30 LXs are the lipid mediators that 

are involved in the resolution of inflammation and cancer.30 

They have been found to suppress tumor growth migration 

and angiogenesis.7,31,32 Downregulation of 15-LOX-1 is cor-

related with a poor prognosis in many cancers.12–15 However, 

the roles of 5-LOX and 15-LOX-1 in CCA cell proliferation 

and metastasis are still unknown. Therefore, understanding 

the function of 5-LOX and 15-LOX-1 in CCA might lead to 

targets for a new CCA treatment.

There was a high expression of 5-LOX in human CCA 

tissues that was correlated with disease recurrence. These data 

were consistent with a previous study showing that 5-LOX 

is critical for the maintenance of cancer stem cell (CSC)-like 

cells in a model of chronic myeloid leukemia.33 Inhibition of 

β

Figure 2 The expression of 5-lOX and 15-lOX-1 in cca cell lines and the 
proliferation of cca cell lines after treatment with zileuton or BMl-111.
Notes: (A) Western blot analysis of 5-lOX and 15-lOX-1 expression in KKU-023, 
KKU-100, and KKU-213 cca cell lines, compared to immortalized cholangiocytes, 
MMnK1. (B) The percentage of cca cell survival after treatment with different 
concentrations of zileuton for 72 hours on three cca cell lines. (C) The percentage 
of cca cell survival after treatment with different concentrations of BMl-111 
for 72 hours on three cca cell lines. all data are expressed as mean ± sD of two 
independent experiments.
Abbreviations: cca, cholangiocarcinoma; 5-lOX, 5-lipoxygenase; 15-lOX-1, 15- 
lipoxygenase.

Migration of cca cell line treated with 
BMl-111
Cell migration of KKU-023 could be inhibited by BML-111 

at a concentration of 50 µM (P,0.05) (Figure 4A and B). 

KKU-100 cell migration was significantly decreased after 

treatment with 50 and 100 µM of BML-111 at 72 hours 
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Figure 3 The migration of cca cell lines with the presence/absence of zileuton.
Notes: (A, C, and E) Micrographs of wound healing assays for 50, 100, and 200 µM of zileuton-treated KKU-023, KKU-213, and KKU-100 cells, respectively (magnification, ×100).  
(B, D, and F) Percentage of wound closure for the corresponding cell lines including KKU-023, KKU-213, and KKU-100 cells, respectively. Data were obtained from two 
independent experiments (*P,0.05 and **P,0.01).
Abbreviation: cca, cholangiocarcinoma.

5-LOX downregulated the stemness property in prostate can-

cer stem cells.34 We revealed that a high 5-LOX expression 

was correlated with a good prognosis in CCA patients. We 

further investigated 15-LOX-1 expression in human CCA tis-

sues. Most CCA patients have a low expression of 15-LOX-1, 

and patients with a negative-signal were associated with a 

poor prognosis. Similar to other studies, downregulation 

of 15-LOX-1 correlated with decreased survival in several 

types of cancer12,13,15 and restoration of 15-LOX-1 expression 

promoted pro-resolving lipid mediator production that could 

trigger apoptosis in colorectal cancer.13,14 We hypothesize that 

in cases positive for both 5-LOX and 15-LOX-1, patients 

should have a good prognosis. Therefore, we investigated 

5-LOX and 15-LOX-1 in each CCA sample. Our findings 
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Figure 4 Migration of cca cell line treated with BMl-111.
Notes: The migration of cca cell lines with a presence/absence of BMl-111. (A, C, and E) Micrographs of wound healing assays for 50, 100, and 200 µM of BMl-111-treated 
KKU-023, KKU-213, and KKU-100 cells, respectively (magnification, ×100). (B, D, and F) Percentage of wound closure for the corresponding cell lines including KKU-023, 
KKU-213, and KKU-100 cells, respectively. Data were obtained from two independent experiments (*P,0.05 and **P,0.01).
Abbreviation: cca, cholangiocarcinoma.

indicate that co-expression of 5-LOX and 15-LOX-1 did 

correlate with a good prognosis, while the CCA patients with 

5-LOX expression and a negative signal for 15-LOX-1 cor-

related with a poor prognosis. Thus, 5-LOX and 15-LOX-1 

might be important targets for CCA treatment. We next 

examined the effect of zileuton and BML-111 on CCA cell 

proliferation and migration in an in vitro model.

Our study suggests an inhibitory effect of zileuton on 

CCA cell proliferation at high concentrations. Previous 

studies demonstrated that zileuton can suppress cell pro-

liferation and induce apoptosis in many cancer types, 

such as pancreatic cancer, colon cancer, and hepatocellular 

carcinoma.35–37 However, BML-111 has no inhibitory effect 

on CCA cell proliferation.
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β

Figure 5 Western blot and immunofluorescence analyses for cell migration-related protein expression and 5-LOX and 15-LOX-1 expression.
Notes: (A) Western blot analysis of e-cadherin, vimentin, snail, 5-lOX, and 15-lOX-1 expression in KKU-023-treated cells. (B) The level of expression of e-cadherin, 
vimentin, snail, 5-lOX, 15-lOX-1, and paKT. (C) Immunofluorescent of E-cadherin and vimentin expression in KKU-023-treated cells.
Abbreviations: 5-lOX, 5-lipoxygenase; 15-lOX-1, 15-lipoxygenase.

Interestingly, our findings indicate a suppressing effect of 

zileuton on CCA cells. Similarly, previous data showed that 

the inhibition of 5-LOX by zileuton could suppress cancer 

cell migration in cancer types, including prostate cancer.38 

The inhibitory effect of zileuton on TGF-β1-induced migra-

tion in astrocytes was also previously reported.39 Although 

inhibition of CCA cell migration after BML-11 treatment 

was not significantly affected, BML-111 did inhibit hepato-

carcinoma cell metastasis in an in vivo study.40

This is the first study to clarify the molecular mechanism 

of zileuton treatment by Western blot and immunofluores-

cence techniques. One of the important metastatic processes 

is the EMT41,42 that plays a role during the early stages of 

migration and invasion by cancer cells.42 It is involved in 

cancer progression and metastasis in many cancers.43–45 The 

key markers used for EMT identification include E-cadherin, 

involving in the formation and maintenance of cell–cell 

adhesion (epithelial marker),46 vimentin, involving in the 

attachment, migration, and increased motility (mesenchymal 

marker),47 and snail protein, a transcription factor of EMT-

related proteins promoting the motility and metastatic spread 

of tumor cells. Our findings indicate that vimentin and snail 

proteins were decreased, while E-cadherin was increased 

after zileuton treatment.

The PI3K/Akt pathway plays an important role in pro-

moting EMT and the motility of cancer cell lines in several 

cancers.48,49 In addition, it is widely known that Akt acts 

downstream of 5-LOX activity.50 This study shows that 

the zileuton-treated cell line showed that phosphorylation 

of Akt was reduced. There is a previous study indicating 

that zileuton can reduce the activity of PI3K.51 As a result, 

zileuton could inhibit cell migration by interrupting the 

expression of vimentin and snail, as well as being inversely 

correlated with increasing E-cadherin, possibly via the Akt 

signaling pathway.

Taken together, our findings indicate a significant cor-

relation between expression with a good prognosis linked to 

CCA suppression. 5-LOX and 15-LOX-1 should therefore be 
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considered for CCA treatment. However, the role of 5-LOX 

in recurrence is still unclear, an issue that should be further 

investigated.
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