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Abstract. Luteolin is a natural flavonoid possessing certain 
beneficial pharmacological properties, including anti‑oxidant, 
anti‑inflammatory, anti‑microbial and anti‑cancer properties. 
The majority of types of gastric cancer with chronic gastritis 
are caused by infection with Helicobacter pylori (H. pylori). 
The present study evaluated the effect of luteolin on a number 
of selected factors that are potentially involved in gastric cancer 
development. The study was performed using gastric cancer 
CRL‑1739 cells treated with 30 µM luteolin and H. pylori 
alone or combined. ELISA and reverse transcription PCR were 
used to assess the expression levels of MUC1, GalNAcα‑R 
(Tn antigen) and NeuAcα2‑3Galβ1‑3GalNAc‑R (sT antigen), 
ADAM‑17, IL‑8, IL‑10 and NF‑κB. H. pylori and luteolin 
independently and in combination significantly reduced the 
expression levels of the extracellular domain of MUC1 in 
gastric cancer cells compared with the untreated control cells. 
ADAM‑17 expression was reduced by treatment with the 
pathogen and luteolin. Additionally, both factors reduced sT 
antigen expression. Treatment with 30 ≤M luteolin significantly 
induced IL‑8 expression at the mRNA and protein level, and 
the mRNA expression levels of IL‑10 and NF‑κB compared 
with the control. Both H. pylori and luteolin induced IL‑8 
protein expression. The present preliminary results suggest that 
luteolin may be used to treat patients with gastric cancer.

Introduction

Luteolin (3',4',5,7‑tetrahydroxyflavone; Fig. 1), is a natural, 
dietary flavonoid commonly present at high concentrations in 

several types of fruits, vegetables and medicinal herbs (1,2). 
Flavonoids are polyphenols that serve an important role in 
defending plant cells against microorganisms, insects and UV 
irradiation (3). A number of previous studies have demonstrated 
that luteolin possesses beneficial pharmacological properties, 
including anti‑oxidant, anti‑inflammatory, anti‑microbial and 
anti‑cancer properties (4,5). Some of these properties could 
be functionally associated with each other. For example, the 
anti‑inflammatory effects of luteolin may also be associated to 
its anti‑cancer properties (6).

Infection with Helicobacter pylori (H. pylori), a bacterial 
carcinogen, is the greatest risk factor for development of gastric 
cancer, which is the fifth most common malignant disease and 
the third most common cause of cancer‑associated mortality 
worldwide (7). It has been reported that ~75% of global cases 
of gastric cancer and 5.5% of malignancies worldwide may be 
attributed to H. pylori‑induced inflammation and injury (8,9). 
However, the mechanisms that regulate cancer development in 
response to this organism are not well defined.

Altered glycosylation is considered to be one of the most 
common characteristic features of cancer, and is the most 
common post‑translational modification of proteins occurring 
during neoplastic transformation (10). MUC1 mucin, trans‑
membrane glycoprotein is expressed on the apical surfaces 
of most epithelia, including the stomach, and is the primary 
O‑glycosylated protein of epithelial tissues. Generally, MUC1 
is composed of two subunits, a long N‑terminal extracellular 
domain and a short C‑terminal tail, which remain associated 
through hydrogen bonds (11). The extracellular domain can 
be released from the cell surface by an additional proteolytic 
cleavage event, which has been implicated in the pathogenesis 
of inflammatory conditions and cancer (12,13). Release of the 
N‑terminal domain can be induced via activation of specific 
enzymes, including the matrix metalloprotease a disintegrase 
and metalloprotease (ADAM) metallopeptidase domain 17 
(ADAM‑17) (14,15).

In cancer, the O‑glycan chains attached to glycopro‑
teins are often truncated and they commonly contain Tn 
(GalNAcα1‑O‑Ser/Thr) and T (Galβ1‑3GalNAcα1‑O‑Ser/Thr) 
antigens and their sialylated forms (sTn and sT) (16). The afore‑
mentioned antigens are often markers of poorly differentiated 
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adenocarcinomas and mucinous carcinoma, and their increased 
occurrence is associated with highly proliferative tumors, 
metastasis, and poor clinical outcomes (11).

The majority of types of gastric cancer are end products 
of an inflammatory process. Chronic H. pylori infection is 
characterized by inflammation of the gastric mucosa and is 
the major cause of chronic gastritis (9,17,18). IL‑8 serves an 
important role in the response of epithelial cells to H. pylori 
infection, as well as in the pathological processes which 
ultimately result in gastric diseases. IL‑8 is a chemokine that 
is specific to neutrophil granulocyte chemotaxis, and has 
been shown to be associated with the histological severity of 
gastritis. IL‑8 secretion is typically regulated by the transcrip‑
tion factor NF‑κB, and H. pylori can induce IL‑8 expression 
by activating the NF‑κB signaling pathway in gastric epithelial 
cells (19). IL‑10 represents anti‑inflammatory cytokines in 
general; there are several studies regarding the multifunctional 
roles of IL‑10, including both its immunosuppressive and 
anti‑angiogenic effects, and its varied roles in the pathogen‑
esis, progression, metastasis, and development of several types 
of cancer (20,21).

The primary purpose of the present study was to determine 
the influence of luteolin on cancer‑associated MUC1 (together 
with Tn and sT antigens), ADAM‑17, the metalloprotease 
involved in the release the extracellular domain of MUC1, 
IL‑8 and IL‑10, which are associated with inflammation, and 
NF‑κB, a transcription factor regulating the expression levels 
of a number of human genes. All these factors are potentially 
involved in cancer development. The present experiments were 
performed on H. pylori infected, gastric cancer CRL‑1739 cells.

Materials and methods

Ethical approval and consent. The research protocol used in the 
present study was approved by the Ethics Committee of Medical 
University of Białystok (Białystok, Poland) and was performed 
in accordance with the 2008 Declaration of Helsinki (22). 
Written informed consent was obtained from the patient.

Bacteria and cell culture. One laboratory H. pylori strain from 
the Department of Microbiology of the Medical University of 
Białystok (Białystok, Poland) was used in the present study. 
It was isolated from gastric epithelial cells of a patient with 
gastritis. Prior to the beginning of treatment, the scrapings 
were collected from the prepyloric area and the body of the 
stomach under endoscopic examination. Immediately after‑
wards, the scrapings were transferred to the transport medium 
Portagerm pylori (bioMerieux SA) and homogenized. 
Subsequently, the bacteria were cultured on Pylori Agar and 
Columbia Agar supplemented with 5% sheep blood (bioMer‑
ieux SA) for 7 days at 37˚C under microaerophilic conditions 
using a Genbag microaer (bioMerieux SA). Bacteria were 
identified based on the colony morphology, using the Gram 
method (23). Additionally, the activities of bacterial urease, 
catalase and oxidase were determined as described previ‑
ously (24,25). To determine the H. pylori species, an ELISA 
test (cat. no. HpAg48; EQUIPAR) was used. Subsequently 
the bacteria were sub‑cultured under the same conditions, 
suspended at 1.2x109 bacteria/ml in PBS and added to growing 
gastric cancer cells at a multiplicity of infection of 10 for 24 h.

Gastric adenocarcinoma cells (CRL‑1739; American Type 
Culture Collection) were cultured in F‑12 medium containing 
10% heat inactivated FBS (Thermo Fisher Scientific, 
Inc), 100 U/ml penicillin and 100 µg/ml streptomycin 
(Sigma‑Aldrich; Merck KGaA) at 37˚C with 5% CO2. Cells 
were seeded in 6‑well plates. A total of 24 h prior to H. pylori 
treatment, the cell medium was changed to antibiotic‑free 
F‑12 medium. Subsequently, media were supplemented with 
30 µM luteolin alone or with bacteria, and cultured for 24 h. 
The cells were washed with PBS and lysed at 4˚C using RIPA 
buffer (Sigma‑Aldrich; Merck KGaA) supplemented with 
protease inhibitors (1:200; Sigma‑Aldrich; Merck KGaA). 
Culture media and lysates were centrifuged at 1,000 x g for 
5 min at 4˚C, and supernatants were aliquoted, stored at ‑70˚C 
and used for ELISA. For reverse transcription‑quantitative 
PCR (RT‑qPCR), the monolayers were washed three times 
with sterile 10 mM PBS, and cell membranes were disrupted 
using a sonicator (Sonics Vibra Cell; Sonics & Materials, Inc). 
Aliquots of the homogenate were used for RNA isolation. 
Cells not treated with either luteolin or H. pylori addition were 
used as a control.

Cell viability assay. Cell viability assessment was performed 
as previously described by Carmichael et al (26), using MTT 
(Sigma‑Aldrich; Merck KGaA). Confluent cells were cultured 
for 24 h with various concentrations of luteolin (20‑100 µM; 
Sigma‑Aldrich; Merck KGaA) in six‑well plates, washed in 
PBS and incubated for 4 h in 1 ml MTT solution (0.5 mg/ml 
PBS) at 37˚C with 5% CO2. Absorbance of the converted dye 
in living cells was measured at a wavelength of 570 nm. Cell 
viability of gastric cancer cells in the presence of luteolin was 
calculated as a percentage of the control cells.

ELISA for MUC1, and the Tn and sT antigens. To assess the 
expression levels of MUC1 mucin, an ELISA with an anti‑MUC1 
monoclonal antibody (BC2; Abcam; cat. no. ab89492) was used 
according to the manufacturer's protocol. A total of 50 µl cell 
lysates (100 µg protein/ml) or 50 µl media (1:100) were coated 
on microtiter plates (NUNC F96; Maxisorp; Thermo Fisher 
Scientific, Inc.) at room temperature overnight. Following 
blocking with 100 µl 1% blocking reagent for ELISA, 
(Roche Diagnostics) and three washes with 100 µl PBS with 
0.05% Tween‑20 (Sigma‑Aldrich; Merck KGaA), the plates 

Figure 1. Structure of luteolin.
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were incubated with 100 µl anti‑MUC1 antibody (1:600) for 
2 h and horseradish peroxidase conjugated rabbit anti‑mouse 
IgG (Sigma‑Aldrich; Merck KGaA) for 1 h at room tempera‑
ture. The colored reaction was developed by incubation with 
100 µl 2,2'‑azino‑bis(3‑ethylbenzthiazoline‑6‑sulfonic acid) 
(Sigma‑Aldrich; Merck KGaA) liquid substrate for horse‑
radish peroxidase. Absorbance at 405 nm was measured after 
30‑45 min. Wells treated with BSA (Sigma‑Aldrich; Merck 
KGaA) were used as negative controls.

To assess the expression levels of GalNAc‑R (Tn antigen) 
and NeuAcα2‑3Gal (sT antigen), an ELISA‑like test with 
biotinylated lectins (Vector Laboratories, Inc.; VVA lectin cat. 
no. B‑1235; MAA II lectin cat. no. B‑1265) at a concentration 
of 5 µg/ml was performed. VVA lectin (from Vicia villosa 
with binding preference to GalNAc) (27) and MAA II 
lectin (from Maackia amurensis with binding preference to 
NeuAcα2‑3Gal) (28) were used. A total of 50 μl medium 
(dilution 1:100) was used to coat microtiter plates at room 
temperature overnight. Blocking and washing steps were 
performed as mentioned above. Subsequently, the plates were 
incubated with 100 µl proper lectins (2 h) and 100 µl horse‑
radish peroxidase avidin D (Vector Laboratories) for 1 h at 
room temperature. The colored reaction was developed as 
described above. All samples were analyzed in triplicate in 
three independent experiments.

ELISA for IL‑8. IL‑8 expression was quantitatively deter‑
mined using a commercially available ELISA capture and 
detection antibody kit (BD OptEIATM Set Human IL‑8; BD 
Biosciences; cat. no. 2654KI) according to the manufacturer's 
protocol. Briefly, microwells of a 96‑well plate were coated 
with 100 µl capture antibody (1:250) in bicarbonate buffer 
(pH 9.5; 0.1 M) and incubated overnight at 4˚C. The plates 
were washed three times with 200 µl PBS with Tween‑20 
(0.05%) between all the steps. Unbound sites were blocked 
with 200 µl PBS with 10% FBS (Sigma‑Aldrich; Merck 
KGaA). Subsequently the cell culture media (50 µl; 1:100) were 
added and plates were incubated for 2 h at room temperature, 
followed by incubation with biotinylated detection antibody 
(1:250), peroxidase‑labeled streptavidin and tetramethylben‑
zidine substrate (Sigma‑Aldrich; Merck KGaA). Absorbance 
at 450 nm was measured after 30 min and IL‑8 levels were 
determined from a standard curve prepared with serial dilu‑
tions of purified chemokines. All samples were analyzed in 
triplicate or quadruplicate, in three independent tests, and 
standard curves were plotted for each plate.

RT‑qPCR. Total RNA was isolated using Total RNA Mini 
Plus Concentrator (A&A Biotechnology) according to the 
manufacturer's protocol. The concentration and purity of RNA 
was determined by spectrophotometry using a Nanodrop 2000 
(Thermo Fisher Scientific, Inc.). First‑strand cDNA was synthe‑
sized from 1 µg total RNA using a Tetro cDNA Synthesis kit 
(Bioline; Meridian Bioscience). The reaction mixture (volume, 
20 µl) containing 1 µl oligo(dT)18 primer, 1 µl dNTP mixture 
(10 mM each), 5 µl 5X RT Buffer, 1 µl RiboSafe RNase Inhibitor 
(10 U/µl), 1 µl Tetro Reverse Transcriptase (200 U/µl) and 
diethylpyrocarbonate‑treated water was incubated for 30 min 
at 45˚C and then inactivated at 85˚C for 5 min. qPCR assay 
was performed using a CFX96 Real‑time system (Bio‑Rad 
Laboratories, Inc.) and a SensiFASTTM SYBR kit (Bioline; 
Meridian Bioscience). The reaction mixtures contained 
2 µl twice diluted cDNA template, 0.8 µl of each primer 
(10 µmol/l), 10 µl 2X SensiFAST SYBR mix and nuclease‑free 
water to a final volume of 20 µl. Forward and reverse primer 
sequences are listed in Table I. The primers were synthesized 
by Genomed. GAPDH was used as the housekeeping gene. 
The thermocycling conditions were: 95˚C for 1 min to activate 
the DNA polymerase, followed by 40 cycles of denaturation 
for 10 sec at 95˚C, annealing for 15 sec at 60˚C and exten‑
sion for 20 sec at 72˚C. The reaction was then subjected to 
a melting protocol from 55 to 95˚C in 0.2˚C increments and 
1 sec holding at each increment to assess the specificity of the 
amplified products. Single product formation was confirmed 
by melting point analysis and agarose gel electrophoresis. As 
a negative control, water was used instead of mRNA samples. 
Samples were run in triplicate and the 2‑ΔΔCq method was used 
to calculate the relative expression (29). The relative gene 
expression levels were standardized to those measured for the 
untreated control.

Statistical analysis. Experimental data are presented as the 
mean ± standard deviation of three experimental repeats. A 
one‑way ANOVA followed by a Duncan's post hox test was 
used to analyze differences between the control and specific 
treatment groups. Statistica version 10.0 (StatSoft, Inc.) was 
used to statistically analyze the data. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Cell viability. The effect of luteolin on a number of selected 
biochemical factors was examined in H. pylori infected gastric 

Table I. Sequences of primers used in the present study.

Gene Forward primer, 5'‑3' Reverse primer, 5'‑3'

MUC1 TGCCTTGGCTGTCTGTCAGT GTAGGTATCCCGGGCTGGAA
NF‑κB TACTCTGGCGCAGAAATTAGGTC CTGTCTCGGAGCTCGTCTATTTG
IL‑8 TAGCAAAATTGAGGCCAAGG AAACCAAGGCACAGTGGAAC
IL‑10 TGGTGAAACCCCGTCTCTAC CTGGAGTACAGGGGCAGTAT
ADAM‑17 ACCTGAAGAGCTTGTTCATCGAG CCATGAAGTGTTCCGATAGATGTC
GAPDH GTGAACCATGAGAAGTATGACAA CATGAGTCCTTCCACGATAC
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cancer CRL‑1739 cells. In all experiments, 30 µM luteolin was 
used as a concentration, which was below the IC50 (Fig. 2).

Determination of MUC1. MUC1 is the primary epithelial 
glycoprotein present in the gastric epithelium (11). As shown 
in Fig. 3A, H. pylori, luteolin and H. pylori combined with 
luteolin did not have significant effects on MUC1 mRNA 
expression compared with the untreated control. There 
was no significant change in MUC1 expression in the cell 
lysates (Fig. 3B). However, the examined factors notably 
reduced MUC1 extracellular domain expression in culture 
medium (Fig. 3C).

Determination of Tn and sT antigens. GalNAcα‑R (Tn antigen) 
and NeuAcα2‑3Galβ1‑3GalNAc‑R (sT antigen) are amongst 
the core sugar structures that are present on the extracellular 
domain of MUC1 mucin (11). The expression levels of Tn 
antigen (based on reactivity with VVA lectin) were not signifi‑
cantly affected by bacteria or luteolin (Fig. 4A). Sialylation 
of T antigen (detected by MAAII lectin) was significantly 
inhibited by flavonoid and H. pylori addition separately and 
by both agents combined, compared with the control (Fig. 4B).

Determination of ADAM‑17 levels. ADAM‑17 is one of the 
sheddases that is responsible for the release of MUC1 extra‑
cellular domain. In all conditioned cultures, sheddase was 
markedly inhibited by the examined factors at the mRNA 
level (by 29, 78 and 68% for gastric cancer cells treated with 
H. pylori, luteolin independently and combined, respectively) 
compared with the untreated control (Fig. 5).

Determination of IL‑8 and IL‑10. IL‑8 is a proinflammatory 
chemokine that is considered to be an important regulatory 
factor in the tumor environment. Fig. 6 shows a marked 
stimulatory effect of luteolin on IL‑8 expression at both the 
mRNA (Fig. 6A) and protein (Fig. 6B) levels compared with 
the untreated control. The protein expression levels of IL‑8 
were also stimulated by the simultaneous action of both exam‑
ined factors compared with the control. IL‑10 is an inhibitory 
cytokine which can help tumor cells evade the immune system 

to avoid destruction by cell‑mediated immune mechanisms. A 
marked increase in IL‑10 mRNA expression following luteolin 
treatment was observed (Fig. 7).

Figure 2. Viability of the gastric cancer CRL‑1739 cells treated with dif‑
ferent concentrations of luteolin (20, 40, 60 and 100 µM). Cell viability was 
assessed using an MTT assay and results are presented as a percentage of 
the control. Data are presented as the mean ± standard deviation of three 
experimental repeats. ***P<0.001.

Figure 3. Effect of luteolin on MUC1 expression in gastric cancer CRL‑1739 
cells. Effect of (A) luteolin on MUC1 mRNA expression, MUC1 glycopro‑
teins in (B) cell lysates and (C) culture supernatants. Cells were treated with 
30 µM luteolin and H. pylori for 24 h. mRNA expression is expressed as the 
relative fold‑change in MUC1 mRNA levels compared with the control, the 
expression of which was set as 1. For the ELISA of cell lysates, equivalent 
amounts of protein (5 µg/50 µl) was applied to each well. For culture super‑
natant, equivalent volumes (50 µl; 1:100) of sample was used. The results are 
presented as the absorbance at 405 nm after incubation with an anti‑MUC1 
monoclonal antibody. Data are presented as the mean ± standard deviation of 
three experimental repeats. *P<0.05, **P<0.01, ***P<0.001. MUC1, mucin 1; A, 
absorbance; H. pylori, Helicobacter pylori.
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Determination of NF‑κB expression. NF‑κB is a transcription 
factor modulated by numerous stimuli, and is able to regulate 

the expression levels of several human genes. As shown in 
Fig. 8, NF‑κB mRNA expression was significantly increased 
by luteolin treatment by 87% compared with the untreated 
control.

Discussion

Gastric cancer is one of the most common malignances 
worldwide, and is a serious risk to human health due to its 
asymptomatic course of development, nonspecific symptoms 
during the early stages and the high mortality rates associated 
with advanced stages (7,9). Furthermore, there are limited 
efficacious therapeutic strategies for treating advanced gastric 
cancer (30,31). Therefore, it remains a priority to develop novel 
therapeutic reagents for treatment of gastric cancer. Long‑term 
consumption of fruit and vegetables reduces the risk of 
cancer (32). Therefore, identification of natural phytochemi‑
cals as potential anticancer agents may improve treatment as 
they are typically less toxic than chemotherapeutic agents, and 
thus, this approach has gained increasing attention (3,33,34).

Luteolin is a dietary flavonoid that has been reported to 
inhibit the development and progression of several different 

Figure 4. Effect of luteolin on Tn and sT antigen expression. Effect of luteolin 
on (A) Tn and (B) sT antigen expression in the culture medium of gastric 
cancer CRL‑1739 cells examined using ELISA. The cells were subjected to 
30 µM luteolin and H. pylori for 24 h. The same aliquots of culture superna‑
tants (50 µl; 1:100) were applied. The results are presented as the absorbance 
at 405 nm following incubation with biotinylated VVA (with specificity to 
T antigen) and MAAII (with specificity to sTn antigen) lectin. Data are pre‑
sented as the mean ± standard deviation of three experimental repeats. **P<0.01, 
***P<0.001. VVA lectin, lectin from Vicia villosa; MAAII lectin, lectin from 
Maackia amurensis; A, absorbance; H. pylori, Helicobacter pylori; Tn 
antigen, GalNAcα‑R; sT antigen, NeuAcα2‑3Galβ1‑3GalNAc‑R.

Figure 5. Effect of luteolin on ADAM‑17 mRNA expression in gastric cancer 
CRL‑1739 cells. Cells were treated with 30 µM luteolin and H. pylori for 
24 h. Results are expressed as the relative fold‑change in MUC1 mRNA 
expression compared with the control, the expression of which was set as 1. 
Data are presented as the mean ± standard deviation of three experimental 
repeats. ***P<0.001. ADAM‑17, ADAM metallopeptidase domain 17; MUC1, 
mucin 1; H. pylori, Helicobacter pylori.

Figure 6. Effect of luteolin on IL‑8 expression in gastric cancer CRL‑1739 
cells. Effect of luteolin on (A) IL‑8 mRNA and (B) IL‑8 expression in 
cell culture supernatants were determined. Cells were treated with 30 µM 
luteolin and H. pylori for 24 h. For mRNA expression analysis, the results are 
expressed as the relative fold‑change in MUC1 mRNA expression compared 
with the control, the expression of which was set as 1. For ELISA of culture 
supernatants, equivalent volumes (50 µl; 1:100) of samples were used. Results 
are expressed as ng of IL‑8 per ml of culture medium. Data are presented 
as the mean ± standard deviation of three experimental repeats. *P<0.05, 
***P<0.001. MUC1, mucin 1; H. pylori, Helicobacter pylori.
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types of tumors (35,36). Pu et al (36) reported that luteolin 
reduced cell viability, induced cell cycle arrest, colony forma‑
tion, proliferation and migration, and promoted apoptosis 
of gastric cancer MKN45 and BGC823 cells. According 
to Zang et al (37) luteolin inhibited gastric cancer progres‑
sion via suppression of Notch 1 signaling and reversal of 
epithelial‑mesenchymal transition in gastric cancer Hs‑746T 
and MKN28 cells. Due to these promising results regarding 
the use of luteolin as an anti‑cancer agent, the present study 
attempted to examine its effect on a number of other factors 
potentially involved in gastric cancer development. Since 
H. pylori is considered to be a causative agent of gastric 
cancer (8) H. pylori‑infected gastric cancer cells were used, as 
well as the cells not treated with these bacteria.

Cancers are diverse and complex diseases based on multiple 
etiologies and various cell targets. A number of these targets 
are associated with cancer development, however, not all the 
relations have been identified. A possible target for cancer 
cells is MUC1 mucin with truncated O‑glycans (11,38). The 
present study examined the effects of luteolin on a number of 
selected factors, which were all cancer‑related; however not all 
of these appeared to be associated with cancer development or 
progression in the present study.

MUC1 mucin is considered to be an oncoprotein based 
on evidence which suggests its cancer‑promoting function. 
MUC1 can activate anti‑apoptotic proteins (Bcl‑xL) (39), 
attenuate apoptosis execution pathways (40,41) and may 
contribute to metastasis (42). Furthermore, MUC1 is involved 
in H. pylori infection development via direct interaction with 
bacterial adhesins (17,43). To the best of our knowledge, there 
are no studies assessing the effects of luteolin on MUC1 
mucin. The present study showed the inhibitory effects of 
bacteria and luteolin on the expression levels of the extracel‑
lular domain of MUC1 mucin, with a more potent effect being 
observed following luteolin treatment. Notably, this effect 
was not observed at the mRNA level. It has been suggested 
that ADAM‑17 is involved in the release of MUC1 extracel‑
lular domain into the culture medium (14,15). The results 
of the present study appear to support this hypothesis, since 
ADAM‑17 mRNA expression was associated increased MUC1 
release into the culture medium. Additionally, ADAM‑17 (also 
known as TNF‑α‑converting enzyme) has been identified to 
function as a signaling scissor in the tumor microenvironment, 
and thus contributes to tumorigenesis and tumor progres‑
sion (44). Upregulation of ADAM‑17 is associated with the 
progression of non‑small cell lung cancer (45) or the promotion 
of breast cancer tumorigenesis by regulating cell proliferation, 
angiogenesis, invasion and apoptosis (46). Upregulation of 
ADAM‑17 contributes to the progression of gastric cancer 
and is associated with a poor prognosis (47,48). Therefore, 
the enzyme is considered to be a potential target for treatment 
of cancer, as well as an indicator for predicting therapeutic 
outcomes. The present study revealed the inhibitory effect 
of luteolin on ADAM‑17 gene expression, which appears to 
support the hypothesis regarding the potential anti‑cancer 
effects of the examined flavonoids. Thus, it is hypothesized 
that luteolin is involved in the inhibition of degradation of 
ECM components by decreasing ADAM‑17 expression.

In several types of cancer, O‑glycan chains attached to glyco‑
proteins, including MUC1 mucin, the primary O‑glycoprotein 
of gastric epithelium, commonly contain short carbohydrate 
forms, Tn and T antigens and their sialylated derivatives. Their 
increased occurrence is associated with highly proliferative 
tumors, metastasis, and poor clinical outcomes (11,16). Loss or 
acquisition of glycans affects interactions of MUC1 and other 
cellular proteins implicated in the migratory and metastatic 
activities of cancer cells. Santos‑Silva et al (49) showed that 
53.2% of gastric carcinomas express the sT antigen, indi‑
cating that sialylation may contribute to the low frequency 
of cases observed with T antigen expression. The synthesis 
of the sT structure stops further processing and elongation 
of the carbohydrate chain (16). Yu et al (50) showed that the 
cancer‑associated T antigen on MUC1 is the natural ligand of 
galectin‑3, a galactose binding protein, which after connecting 

Figure 7. Effect of luteolin on IL‑10 mRNA expression in gastric cancer 
CRL‑1739 cells. Cells were treated with 30 µM luteolin and H. pylori for 
24 h. Results are expressed as the relative fold‑change in IL‑10 mRNA 
expression compared with the control, the expression of which was set as 1. 
Data are presented as the mean ± standard deviation of three experimental 
repeats. **P<0.01; H. pylori, Helicobacter pylori.

Figure 8. Effect of luteolin on NF‑κB mRNA expression in gastric cancer 
CRL‑1739 cells. Cells were treated with 30 µM luteolin and H. pylori for 
24 h. Results are presented as the relative fold‑change in NF‑κB mRNA 
expression compared with the control, expression of which was set as 1. Data 
are presented as the mean ± standard deviation of three experimental repeats. 
**P<0.01; H. pylori, Helicobacter pylori.
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to MUC1, initiates MUC1‑dependent intracellular signaling 
in cancer cells and facilitates adhesion of cancer cells to each 
other and to endothelial cells (51). Therefore, inhibition of sT 
structure expression by luteolin, which was observed in the 
present study, may be associated with its possible anti‑cancer 
activity.

It has been stated that the interaction between H. pylori with 
the gastric epithelium induces the production of IL‑8, which is 
a proinflammatory cytokine and chemotaxin for neutrophils 
and mononuclear cells, and this can lead to chronically acti‑
vated gastritis (19). The majority of gastric cancer cases are the 
end products of an inflammatory process (19,20,52). A signifi‑
cant association between high expression levels of IL‑8 in the 
gastric mucosa and the risk of gastric cancer has been reported 
previously (19,53). Furthermore, H. pylori can stimulate the 
secretion of IL‑10, which has been recently recognized as the 
most potent anti‑inflammatory cytokine, and also as the agent 
enabling cancer immune surveillance and tumor rejection (54). 
The results of the present study were not consistent with the 
aforementioned results, as H. pylori reduced IL‑8 and IL‑10 
expression, in contrast to the previous studies. One possible 
explanation for this result could be that the action of the 
pathogen on gastric cancer cells was too short (24 h). Notably, 
in the present study, luteolin clearly increased expression of 
both cytokines at the mRNA level and IL‑8 at the protein level 
as well. These results are not consistent with those reported 
in other studies which demonstrated the inhibition of IL‑8 
upregulation by the examined flavonoid (55,56). However, 
there is also at least one report regarding the stimulating 
effects of luteolin on IL‑8 expression. Lee et al (57) showed 
that relatively low concentrations of luteolin (20 and 40 µM) 
increased the IL‑8 levels, and only a high concentration of 
flavonoid (80 µM) was shown to decrease the expression levels 
of IL‑8 in lung cancer cells.

It has been reported that direct contact of H. pylori and 
gastric cancer cells induces NF‑κB activation (58). However, 
this result was not observed in the present study, and it was 
suggested that this could be due to the exposure of gastric 
cells to the pathogen being too short as mentioned above. 
Notably, luteolin induced NF‑κB mRNA expression, which is 
not consistent with the general tendency of anti‑inflammatory 
actions of the flavonoid via the NF‑κB signaling pathway (58). 
At the current stage of the present study, this discrepancy 
cannot be explained. However, an association between the 
effect of luteolin on nuclear factor and IL‑8 expression was 
revealed, in agreement with the general tendency of NF‑κB to 
stimulate chemokine production (58).

Based on the preliminary results of the present study, it 
may be assumed that luteolin may be used as an adjuvant for 
treatment of gastric cancer. This hypothesis is particularly 
based on the outcomes concerning MUC1 extracellular 
domain, mRNA ADAM‑17 and sT antigen expression. There 
are some discrepancies between the results of the present study 
and the results of previous studies, for example regarding IL‑8, 
IL‑10 and NF‑κB levels. This requires further exploration in 
future experiments. There were also some shortcomings of the 
present study. The limitations include using only one cancer 
cell line and the lack of a normal cell line. However, it has been 
shown in other studies that the effects of luteolin are specific 
to cancer cells at the concentrations used in the present 

study (59). Additional experiments, such as apoptosis assays 
and cell cycle analysis, combined with the use of additional 
experimental methods, such as western blotting and immuno‑
fluorescence analysis should be performed to determine how 
luteolin regulates the changes in the examined factors and to 
identify the targets of the flavonoid. In future experiments, 
how H. pylori affects cells growth at different multiplicities of 
infection will be assessed. Other experiments where MUC1 or 
ADAM‑17 are knocked down will also be performed.

Experimental and clinical data suggest that pharmaco‑
logical regulation of various factors participating in cancer 
development exerts several beneficial effects improving the 
outcomes of different anti‑cancer therapies. Dysregulation of 
cancer cells results from a number of genetic alterations, which 
impacts the signaling network and the control of numerous 
cellular processes. Thus, therapeutic targeting of specific 
factors may also elicit opposing, often unwanted effects. 
Therefore, extensive investigations are required to understand 
the molecular signaling pathway network for the development 
of synergistic complex therapies for cancer treatments.
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