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ABSTRACT
Gastrokine 1 (GKN1) plays an important role in the gastric mucosal defense mechanism and also acts as a functional gastric tumor suppressor.

In this study, we examined the effect of GKN1 on the expression of inflammatorymediators, including NF-kB, COX-2, and cytokines inGKN1-

transfected AGS cells and shGKN1-transfected HFE-145 cells. Lymphocyte migration and cell viability were also analyzed after treatment

with GKN1 and inflammatory cytokines in AGS cells by transwell chemotaxis and anMTT assay, respectively. InGKN1-transfected AGS cells,

we observed inactivation and reduced expression of NF-kB and COX-2, whereas shGKN1-transfected HFE-145 cells showed activation and

increased expression of NF-kB and COX-2. GKN1 expression induced production of inflammatory cytokines including IL-8 and -17A, but

decreased expression of IL-6 and -10. We also found IL-17A expression in 9 (13.6%) out of 166 gastric cancer tissues and its expression was

closely associated with GKN1 expression. GKN1 also acted as a chemoattractant for the migration of Jurkat T cells and peripheral B

lymphocytes in the transwell assay. In addition, GKN1 significantly reduced cell viability in both AGS and HFE-145 cells. These data suggest

that the GKN1 gene may inhibit progression of gastric epithelial cells to cancer cells by regulating NF-kB signaling pathway and cytokine

expression. J. Cell. Biochem. 114: 1800–1809, 2013. � 2013 Wiley Periodicals, Inc.
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T he gastrointestinal tract is subject to constant trauma from

ingested food particles and various noxious agents, in

addition to the stress due to acidic environment. Gastric mucosal

inflammation is generally believed to be caused by chronic

Helicobacter pylori (H. pylori) infection; while atrophic gastritis,

intestinal metaplasia, and dysplasia represent the different stages of

the gastric carcinogenesis cascade [Yuasa, 2003]. Thus, H. pylori

infection likely increases the risk of carcinogenesis by differentially

affecting host inflammatory responses and epithelial cell physiology

[Peek and Blaser, 2002]. For example, H. pylori infection induces

production of pro-inflammatory mediators, including cytokines and

pro-proliferative factors [Basso et al., 1996; Lindholm et al., 1998;

Holck et al., 2003]. More importantly, infiltrating inflammatory cells

develop into cancer cells with the help of an array of cytokines,
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chemokines, and cytotoxic mediators, which participate in the

regulation of tumor growth, angiogenesis, invasion, and metastasis

[Zhou et al., 2007]. However, little is known about the regulation of

these cytokines in the gastric mucosa or the molecular mechanisms

underlying the contribution of these cytokines to gastric carcino-

genesis.

Recently, gastrokine 1 (GKN1) has been isolated from gastric

mucosal cells of several mammalian species, including rats [Martin

et al., 2003]. Toback et al. [2003] reported that GKN1 protects the

antral mucosa and promotes healing by facilitating restoration and

proliferation after injury. In addition, GKN1 also protects the

intestinal mucosal barrier by acting on specific tight junction

proteins and stabilizing peri-junctional actin [Walsh-Reitz et al.,

2005]. Clinically, GKN1 is downregulated in H. pylori-infected

gastric epithelial cells, and this loss of GKN1 expression is detected

in gastric cancer tissues and precancerous lesions, such as intestinal

metaplasia [Shiozaki et al., 2001; Nardone et al., 2007]. In

accordance with these previous findings, we and other researchers

also witnessed frequent loss of GKN1 expression in gastric cancer

tissues and GKN1 tumor suppressor activity in a functional analysis

[Rippa et al., 2011; Yoon et al., 2011b]. Moreover, GKN1 plays an

important role in epithelial–mesenchymal transition and migration

of gastric cancer cells by regulating reactive oxygen species (ROS)

and the PI3K/Akt pathway [Yoon et al., 2011a]. Recently, it has been

suggested that GKN1 induces senescence through activating p16/Rb

pathway in gastric cancer cells [Xing et al., 2012]. Thus, we

hypothesized that GKN1 plays an important role in the development

or progression of gastric cancer by regulating pro-proliferative

inflammatory mediators.

In this study, we investigated the effect of GKN1 on lymphocyte

migration and on the expression levels of inflammatory mediators,

including nuclear factor (NF)-kB, COX-2, and cytokines, in AGS

and HFE-145 cells. Overall, we intend to demonstrate that GKN1

inhibits pro-carcinogenic inflammatory mediators, including

NF-kB, COX-2, and pSTAT-3, while inducing anti-carcinogenic

cytokine production and stimulating lymphocyte migration.

MATERIALS AND METHODS

ETHICS STATEMENT

Total of 166 gastric cancer tissues from formalin-fixed paraffin

embedded specimens were obtained from St. Mary’s Hospital, Seoul,

Korea. For lymphocyte study, the peripheral blood monocyte cells

(PBMCs) from healthy individuals were obtained from Hematopoi-

etic Stem Cell Bank in Catholic University of Korea. Informed

consent was provided according to the Declaration of Helsinki.

Written informed consent was obtained from all subjects, and the

study was approved by the Ethics Committee of the Catholic

University of Korea, College of Medicine (IRB approval number;

CUMC09U089).

CELL CULTURE AND TRANSFECTION OF GKN1

AGS gastric cancer cell lines and HFE-145 normal gastric mucosa

cells were cultured at 378C in 5% CO2 in RPMI-1640 medium (Lonza,

Basel, Switzerland) with 10% heat-inactivated fetal bovine serum.

GKN1 cDNA was cloned into the pcDNA3.1 expression vector

(Invitrogen, Carlsbad, CA) and shGKN1 cloned into pSilencer

neo vector (Invitrogen). AGS and HFE-145 cells were transfected in

60-mm diameter dishes with the expression plasmids and shRNA

plasmids (2mg total DNA), respectively, using Lipofectamine Plus

transfection reagent (Invitrogen), according to the manufacturer’s

recommendations. After transfection, the conditioned media were

collected from mock- or GKN1-transfected AGS cells, and the

concentration of GKN1 (USCN, Wuhan, China), IL-17 and TNF-a

(R&D Systems, Abingdon, UK) was calculated using an ELISA kit

according to the manufacturer’s instructions.

WESTERN BLOTTING

To determine whether GKN1 is involved in the regulation of

inflammatory mediators, expression of p-STAT3, Erk, and NF-kB

related proteins, including NF-kB p-p65, NF-kB p65, p-IKKa/b,

IKKa/b, p-IkB, and IkB, was examined in AGS cells 24 h after GKN1

transfection and in HFE-145 cells 48 h after shGKN1 transfection.

Cell lysates were separated on a 10% polyacrylamide gel and

transferred onto a Hybond PVDF membrane (Amersham Pharmacia

Biotech, Piscataway, NJ). After blocking, the membrane was

subsequently probed with antibodies against NF-kB p65, p-IKKa/

b, IkB (Santa Cruz Biotech, Santa Cruz, CA), NF-kB p-p65, IKKa/b,

p-IkB, cyclin D1, and Foxp3 (Cell Signaling Technology, Danvers,

MA). Protein bands were detected using enhanced chemilumines-

cence reagents (Amersham Pharmacia Biotech).

IMMUNOFLUORESCENCE ANALYSIS

The effect of GKN1 on the expression of NF-kB p65 in AGS cells was

determined by immunofluorescence and confocal microscopy. Cells

transfected with GKN1 were grown on 2-well chamber slides and

fixed with 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.4),

for 10min at room temperature, rinsed with PBS, and incubated in

10% normal donkey serum for 30min to block non-specific binding.

The cells were then incubated with mouse monoclonal antibody

against NF-kB p65 (Santa Cruz Biotech) in PBS containing 0.5%

Triton X-100 overnight. The cells were rinsed with PBS and

incubated with a Cy3-conjugated donkey anti-mouse IgG (1:200

dilution; Jackson Immunoresearch, West Grove, PA, USA) for 1 h at

room temperature. Counterstaining of cell nuclei was carried out by

incubating the cells with DAPI (40,6-diamidino–20-phenylindole;
Roche Molecular Systems, Mannheim, Germany; dilution 1:1,000)

for 10min. Slides were viewed with a confocal microscope (LSM 510

Meta, Carl Zeiss Co., Ltd, Germany). Images were converted to TIFF

format, and contrast levels were adjusted using Adobe Photoshop v.

7.0 (Adobe Systems, San Jose, CA).

REAL-TIME RT-PCR

To investigate the effects of GKN1 on cytokines and COX-2

expression in AGS and HFE-145 cells, real-time reverse transcrip-

tase-polymerase chain reaction (RT-PCR) analysis was performed.

cDNA was synthesized using the reverse transcription kit from

Roche Molecular Systems according to the manufacturer’s protocol.

For quantitative PCR (QPCR), 50 ng cDNA was amplified using

Fullvelocity SYBR Green QPCRMaster Mix (Stratagene, La Jolla, CA)

and 20 pmol/ml of each set of forward and reverse primers on the

Stratagene Mx 3000P QPCR system with techniques previously
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published [Yoon et al., 2011b]. The specific oligonucleotide primers

for mRNA were designed using the primer3 program (available:

http://frodo.wi.mit.edu/primer3/) for COX-2 and inflammatory

cytokine genes, including IL-6, -8, -10, -17A, and TNF-a. The

primer sequences for each gene were as follows: TNFa: 50-CGA-
GTGACAAGCCTGTAGC-30 for forward and 50-GGTGTGGGTGAG-
GAGCACAT-30 for reverse, IL-6: 50-AAATGCCAGCCTGCTGA
CGAAC-30 for forward and 50-AACAACAATCTGAGGTGCCCATGC-
TAC-30 for reverse, IL-8: 50-AACTTCTCCACAACCCTCTG-30 for

forward and 50-TTGGCAGCCTTCCTGATTTC-30 for reverse, IL-10:

50-GTGATGCCCCAAGCTGAGA-30 for forward and 50-CACGGCC-
TTGCTCTTGTTTT-30 for reverse, IL-17A: 50-ACCGCAATGAAGA-
CCCTGAT-30 for forward and 50-TCCCTCCGCATTGACACA-30 for

reverse, COX-2: 50-CTTG CTGTTCCCACCCATGTCAAA-30 for for-

ward and 50-TGCACTGTGTTTGGAGTGGGT TTC-30 for reverse. To
ensure the fidelity of mRNA extraction and reverse transcription, all

samples were subjected to PCR amplification with oligonucleotide

primers specific to the constitutively expressed gene, glyceralde-

hyde-3-phosphate dehydrogenase (GAPDH), and the expression

levels of the above-mentioned genes were normalized to GAPDH

expression. The primer sequences of the GAPDH were as follows;

50-AAATCAAGTGGGGCGATGCTG-30 for forward and 50-GCAGA-
GATGATGACCCTTTTG-30 for reverse. The standard curve method

was used for quantification of the relative amounts of gene

expression products. This method provides unitless normalized

expression values that can be used for direct comparison of the

relative amount of mRNA in different samples. All samples were

tested in duplicate and average values were used for quantification.

A sensitive ELISA kit (R&D Systems) was used to detect IL-17 and

TNF-a in AGS cells after mock and GKN1 transfection, according to

the manufacturer’s recommendations. All samples were assayed

in duplicate. The amount of IL-17 and TNF-a was measured as

nanograms per milliliter of AGS cell culture supernatant.

LYMPHOCYTES MIGRATION ASSAY

Jurkat T cells and immortalized peripheral B lymphocytes with SV40

from healthy individuals were cultured at 378C in 5% CO2 in RPMI-

1640 medium (Lonza) with 10% heat-inactivated fetal bovine

serum.

Cell migration was assayed in 48-well microchemotaxis

chambers with gelatin-coated 8mm polyvinylpyrrolidine-free

polycarbonate filters (Neuroprobe, Cabin John, MD) using mock-

or GKN1-transfected AGS cells as a chemoattractant. A suspension

containing 6� 104 cells was added to each upper chamber, and the

cell number was determined by calculating the number of cells in the

membrane in a 20� field from three independent experiments. To

confirm that IL-17 produced by GKN1 plays a role in recruiting

lymphocytes, cell migration assay was done after neutralization of

IL-8 and IL-17A with treatment of human anti-IL-8 (1mg/ml) and

anti-IL-17A (1mg/ml) in lower chamber containing AGS cells

transfected with wild-type GKN1.

IMMUNOHISTOCHEMISTRY

Since the predominant source of IL-17 remains in the CD4þ T-cell

population, Th17 subset [Weaver et al., 2006], we examined via

immunohistochemistry whether IL-17A production is associated

with GKN1 expression in gastric cancer tissues. For immunohisto-

chemical analysis, tissue microarray recipient blocks were con-

structed containing 166 gastric cancer tissues from formalin-fixed

paraffin embedded specimens. To maximize the immunohistochem-

istry signal, two strategies were used: antigen retrieval in citrate

buffer and signal amplification with biotinylated tyramide, as

previously described [Yoon et al., 2011b]. Two micrometer sections

were incubated overnight at 48C with IL-17A antibody (1/100; R&D

Systems). Detection was carried out using biotinylated goat anti-

mouse antibodies (Sigma, St. Louis, MO), followed by incubation

with a peroxidase-linked avidin–biotin complex. Diaminobenzidine

was used as a chromogen and the slides were counterstained with

Mayer’s hematoxylin. For negative controls, primary antibodies

were replaced with non-immune serum. We compared IL-17A

expression patterns in 166 gastric cancer tissues with our previous

GKN1 expression data [Yoon et al., 2011b].

MEASUREMENT OF CELL VIABILITY

To investigate whether inflammatory mediators, including IL-10

and IL-17A, are involved in gastric mucosal cell viability, an MTT

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide]

assay was performed in AGS cells at 24 h following transfection

with GKN1 (0.1, 0.3, and 0.5mg), treatment with recombinant IL-10

(10, 50, and 100 ng/ml), and IL-17A (10, 50, and 100 ng/ml) and in

HFE-145 cells at 48 h following transfection with shGKN1 (0.5mg).

Absorbance was measured at 540 nm using a spectrophotometer to

evaluate viability relative to the control.

To find out the effect of GKN1 on T lymphocyte viability,

peripheral blood mononuclear cells (PBMCs) from four healthy

individuals were isolated by density centrifugation using Ficoll-

Hypaque (Pharmacia LKB, Uppsala, Sweden). Anti-CD4 microbeads

were used as previously described to sort out Th0 cells [Heo et al.,

2010]. In brief, PBMCs were resuspended in 100ml MACS buffer [1%

bovine serum albumin (BSA), 5mMEDTA, and 0.01% sodium azide].

Anti-CD4 microbeads (10ml/1� 107 cells) were added and incubat-

ed for 15min at 48C. Cells were diluted in 10ml MACS buffer,

pelleted, resuspended in 500ml, and separated magnetically in an

AutoMACSmagnet fitted with a MACSMS column (Miltenyi Biotec,

Bergisch Gladbach, Germany). The cell suspension was adjusted to a

concentration of 1� 106/ml in RPMI 1640 supplemented with 10%

fetal calf serum, 100U/ml penicillin, 100mg/ml streptomycin,

and 2mM L-glutamine. The isolated cells were then dispensed into

24-well plates (Nunc, Roskilde, Denmark) and incubated at 378C in

5% CO2. Anti-CD3monoclonal antibody and anti-CD28 monoclonal

antibody were obtained from BD Biosciences (San Diego, CA).

Recombinant IL-6 and IL-1b were purchased from R&D Systems,

and recombinant TGF-b was purchased from Peprotech (Rocky Hill,

NJ). Phorbol 12-myristate 13-acetate (PMA) and ionomycin were

from Sigma–Aldrich Chemical Co. (St. Louis, MO), and monoclonal

anti-human IFN-g and IL-4 were purchased from R&D Systems.

For the apoptotic assay, an Annexin V-binding assay was

performed according to the manufacturer’s instructions. To

differentiate Th cells, isolated CD4þ T cells (5� 105) and radiated

antigen-presenting cells (APC; 5� 105) from healthy individuals

were mixed and incubated under different conditions to stimulate

Th0 or Th17 cells. Anti-CD3 (1mg/ml) and anti-CD28 (1mg/ml) were
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used to differentiate Th0 cells. IL-1b (20 ng/ml), IL-6 (10 ng/ml),

neutralizing anti-INF-g (10mg/ml), and anti-IL-4 (10mg/ml) were

added to stimulate differentiation of Th17 cells.

FLOW CYTOMETRY ANALYSIS

For all intracellular staining, cells were stimulated for 4 h with PMA

(25 ng/ml; Sigma) and ionomycin (250 ng/ml; Sigma), and were

treated with GolgiPlug (1mg per 1� 106 cells; BD Pharmingen, San

Diego, CA). In the staining procedure, cells were stained in the

presence of Fcg Blocker (Clone 24G2, BD Pharmingen) with PerCP-

labeled anti-CD4 antibody and APC-labeled anti-CD25 antibody.

Cells were then washed in Fix/Perm solution (eBioscience, San

Diego, CA). Cells were assessed for IL-17 and Foxp3 expression. Data

were acquired using a Becton Dickinson FACS Calibur and analyzed

with Cell Quest software (BD Bioscience).

STATISTICAL ANALYSIS

A Student’s t-test was used to analyze the effect of GKN1 on

cytokine expression and cell viability. Data are expressed as

means� SD from at least two or three independent experiments. The

chi-square test was used to examine the relationship of expression

between GKN1 and IL-17A proteins. A P-value less than 0.05 was

considered to be the limit of statistical significance.

RESULTS

GKN1 INACTIVATES THE NF-kB PATHWAY BY ACTIVATING IkB

As shown in Figure 1, ectopic GKN1 expression suppressed p-IKKa/

b and p-NF-kB expression and NF-kB nuclear translocation,

whereas it increased IkB expression. We also found that GKN1

increased Foxp3 and decreased nuclear expression of cyclin D1

(Fig. 1). In addition, repressed GKN1 expression in HFE-145 cells

transfected with shGKN1 showed increased p-IKKa/b, p-NF-kB, and

NF-kB expression and decreased IkB expression (Fig. 1B). To

confirm this result, AGS cells transfected with GKN1 were stained

with antibodies NF-kB p65, and compared to the respective controls

(mock transfection). Ectopic GKN1 expression inhibited NF-kB p65

expression and nuclear translocation (Fig. 1C).

GKN1 REGULATES THE EXPRESSION OF INFLAMMATORY

CYTOKINES

Ectopic GKN1 expression led to 2.9- and 2.6-fold changes in IL-8

and -17A mRNA expression, respectively (P< 0.05), while IL-6

and IL-10 expression was significantly decreased (Fig. 2A).

However, no significant change in TNF-a mRNA expression was

observed after GKN1 transfection (Fig. 2A). Additionally, knock-

down of GKN1 expression in shGKN1-transfected HFE-145 cells led

to -2.2, and -3.6-fold changes in IL-8 and -17A mRNA expression,

respectively, whereas IL-6 and IL-10 expression was significantly

increased. To find out the underlying mechanism of altered cytokine

expression, we examined p-STAT3 and p-Erk expression in GKN1-

transfected AGS cells. Expectedly, GKN1 expression induced

decreased expression of p-STAT3 and increased expression of

p-Erk protein (Fig. 1A).

In AGS cells transfected with mock- or GKN1, IL-17A, and TNF-a

level were also measured in culture media by ELISA. GKN1

expression induced a significant increase in IL-17A secretion in the

culture media of AGS cells compared to the media of mock-

transfected AGS cells (P¼ 0.0143) (Fig. 2B). GKN1 tended to induce

TNF-a secretion, but no statistical significance was observed

(P¼ 0.1051) (Fig. 2B). In immunohistochemistry, non-cancerous

gastric mucosae and cancer cells showed a moderate-to-strong

IL-17A expression in the membrane and cytoplasm of the cells

(Fig. 2C). We found IL-17A expression in 9 (13.6%) out of 166 gastric

cancer tissues (Fig. 2C). Of them, seven cases were of diffuse-type

gastric cancer and two cases were of intestinal-type. When we

compared IL-17A expression with GKN1 expression in these cases,

five cancer cases with IL-17A expression also showed immunore-

activity for GKN1 [Yoon et al., 2011b]. Statistically, there was close

association between IL-17A and GKN1 expression in gastric cancer

(P¼ 0.0001).

GKN1 INDUCES LYMPHOCYTE MIGRATION IN VITRO

In in vitro transwell-chemotaxis assay, Jurkat T cells and peripheral

B lymphocytes significantly migrated into the lower chamber

containing AGS cells transfected with GKN1 compared to the lower

chamber containing mock-transfected AGS cells (Fig. 3). Interest-

ingly, Jurkat T cell migration was significantly inhibited after

neutralization of IL-8 and IL-17 with treatment of human anti-IL-8

and anti-IL-17 antibodies in lower chamber containing GKN1-

transfected AGS cells (Fig. 3).

GKN1 SUPPRESSES COX-2 EXPRESSION

Since overexpression of COX-2 in gastric cancer tissues is thought to

be mediated in part by enhanced NF-kB activity [Lim et al., 2001],

we examined COX-2 expression levels in non-treated and IL-1b-

treated AGS cells and GKN1 knock-downed HFE-145 cells by real

time RT-PCR. Treatment of IL-1b resulted in increased COX-2

expression, whereas GKN1 expression significantly decreased COX-

2 mRNA expression (Fig. 4). Additionally, knock-down of GKN1

expression in HFE-145 cells significantly increased COX-2 mRNA

expression (Fig. 4).

GKN1 REDUCES CELL VIABILITY IN GASTRIC EPITHELIAL CELLS,

BUT NOT IN LYMPHOCYTES

Effects of GKN1 and cytokines on AGS cell viability were

determined 24 h after cytokine treatment. Effects of GKN1 on

HFE-145 cell viability were measured 48 h after shGKN1 transfec-

tion by anMTT assay. A significant dose-dependent reduction in cell

viability in the AGS cells transfected with GKN1 and induction in

cell viability in the HFE-145 cells transfected with shGKN1 were

observed; however, IL-10 or IL-17 showed no effects on cell viability

in AGS cells (Fig. 5).

In addition, we used flow cytometry to examine whether GKN1

has an influence on T-cell viability and differentiation. Under

the Th17-polarizing condition, recombinant GKN1 was added at

concentrations of 1, 5, 25, 50, and 100 ng/ml. Recombinant GKN1

treatment did not induce apoptosis in both Th0 and Th17 cells

(Fig. 6A). In addition, no significant effect on IL-17A and Foxp3

expression was seen in these cells (Fig. 6B,C).
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DISCUSSION

The gastric epithelial cells and infiltrating inflammatory cells

produce several kinds of cytokines, ROS and inflammatory

mediators which participate in the development and progression

of gastric cancer. A critical balance between the pathways of pro-

and anti-inflammatory cytokines maintains a homeostatic environ-

ment in the gastric epithelium, which effectively neutralizes harmful

environmental insults to prevent excessive tissue damage [Guang

et al., 2010]. Thus, loss of the homeostatic cytokine balance in the

gastric epithelium may lead to gastric mucosal defects, rendering

the gastric mucosa vulnerable to exposure from carcinogens and

resulting injuries.

The mucosal barrier function of GKN1 protects the gastric mucosa

from systemic exposure to foreign antigens, bacteria, and gastric

acid [Toback et al., 2003; Oien et al., 2004]. In our previous studies,

Fig. 1. Effects of GKN1 on NF-kB inactivation in AGS and HFE-145 cells. A,B: Western blot analysis for p-IKKa/b, IKKa/b, p-IkB, IkB, p-NF-kB p65, NF-kB p65, Foxp3, p-

STAT3, and Erk expression was performed on AGS cells after GKN1 transfection (A) and on HFE-145 after shGKN1 transfection (B). GKN1 expression in AGS cells induced

decreased expression of p-STAT3, p-IKKa/b, and nuclear p65 and cyclin D1, and increased expression of p-Erk, IkB, and Foxp3. Knock-down of GKN1 expression in HFE-145

cells induced increased expression of p-IKKa/b, IKKa/b, p-IkB, p-NF-kB p65, NF-kB p65, and decreased IkB expression. The data are representative of three separate

experiments. C: Immunofluorescence and confocal microscopy showed that ectopic expression of GKN1 inhibited NF-kB p65 expression and nuclear translocation.
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Fig. 2. Effect of GKN1 on the expression of inflammatory cytokines. A: After GKN1 transfection in AGS cells and after shGKN1 transfection in HFE-145 cells, expressions of

IL-6, IL-8, IL-10, IL-17A, and TNF-a mRNA were measured by real-time RT-PCR. Values are represented as the fold changes presented as means� SD of two independent

experiments. B: After GKN1 transfection in AGS cells, TNF-a and IL-17A were measured in conditioned culture media by ELISA at 24 h. The level of IL-17A in culture media was

significantly increased from 16.966� 3.85 to 22.668� 4.215 ng/ml. Values are the means� SD of two independent experiments. C: In immunohistochemistry, IL-17 was

expressed in cytoplasm and membrane of gastric mucosal epithelial (left panel) and cancer cells (right). Original magnification, 200�.
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we reported that GKN1 function as a tumor suppressor by inhibiting

cell proliferation and epithelial–mesenchymal transition via

regulating cancer cell migration and invasiveness [Yoon et al.,

2011a]. Furthermore, the anti-inflammatory drug, such as cel-

ecoxib, has potent anti-tumor activity [Koki and Masferrer, 2002].

Thus, we hypothesized that theGKN1 genemay also have anticancer

properties by regulating expression of inflammatory mediators

associated with tumorigenesis. NF-kB is a potent transcriptional

factor that orchestrates many biological functions essential for

inflammatory and immune processes induced by H. pylori, and its

activation stimulates IL-1 and TNF-a production [Sharma et al.,

1998; Isomoto et al., 2000]. Aberrant activation of NF-kB results

in enhanced proliferation, evasion of apoptosis, and genomic

instability in gastric cancer cells [Liu et al., 2004; Matsumoto et al.,

Fig. 3. Effects of GKN1 on cell migration. A,B: Cell migration assays were performed with Jurkat T cells (A) and peripheral B lymphocytes (B) by transwell microchemotaxis.

Mock or GKN1-transfected AGS cells and conditioned media collected from mock- and GKN1-transfected cells were used as chemoattractants. The results are presented as

mean� SD of a triplicate from a representative experiment. Cell migration to GKN1-overexpressed AGS cells and conditioned media containing GKN1 (10 ng/ml) was

significantly increased by 93.75% and 74.12% in Jurkat T cells and peripheral B lymphocytes, respectively. However, cell migration was significantly inhibited after

neutralization of IL-17 and/or IL-8 with treatment of a human anti-IL-17 and anti-IL-8 antibodies in Jurkat T cells.

Fig. 5. Cell viability was measured at 24 h in AGS cells after treatment with

GKN1 or recombinant IL-10 and IL-17 and at 48 h in shGKN1 transfected HFE-

145 cells. GKN1-transfected AGS cells showed dose-dependent inhibition of

cell viability and shGKN1-transfected HFE-145 cells induced cell proliferation.

Treatment of IL-10 or IL-17 in AGS cells did not show significant difference in

cell viability.

Fig. 4. Effect of GKN1 on COX-2 mRNA expression in AGS or HFE-145 cells.

A: Significantly decreased COX-2 mRNA expression was observed in GKN1-

transfected AGS cells and increased COX-2 mRNA expression was found

in shGKN1-transfected HFE-145 cells. B: GKN1 also decreased COX-2

mRNA expression in IL-1b-treated AGS cells. The results are presented as

mean� SD of a triplicate from a representative experiment.
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2007; Kang et al., 2008]. Here, we found that GKN1 expression

suppresses activation and nuclear translocation of NF-kB by

inhibiting degradation and phosphorylation of IkB, inactivating

IKKa/b, and increasing Foxp3 expression (Fig. 1). Previously, Grant

et al. [2006] demonstrated that Foxp3 can block activation of key

inducible proteins, such as NF-kB and cAMP-responsive element

binding protein. In addition, it has been reported that Foxp3

interacts directly with NF-kB and modulates its transcriptional

activity [Chung et al., 2010]. As NF-kB regulates the expression of

various pro-inflammatory cytokines, these results suggest that

GKN1 may play an important role in the development of gastric

cancer by inhibiting oncogenic NF-kB signaling.

H. pylori infection is regarded as a major cause of gastritis since it

induces production of several cytokines including IL-17 [Luzza

et al., 2000], which is a pro-inflammatory cytokine produced by

CD4þ T lymphocytes of the new T cell lineage, Th17 [Weaver et al.,

2006]. IL-17 induces secretion of IL-8 by activating the ERK 1/2

MAP kinase pathway, and the released IL-8 attracts neutrophils,

resulting in inflammation and reduced bacterial load [Kabir, 2011].

IL-6, another pro-inflammatory cytokine, also plays an important

role in gastric tumor progression because it promotes cell motility

and invasiveness by activating the Src/Rho/ROCK signaling

pathway [Lin et al., 2007]. IL-6 and IL-10 both regulate the same

signaling molecule, STAT3, leading to phosphorylation, nuclear

localization, and cytokine-specific gene activation pattern [Braun

et al., 2012]. Clinically, a low level of IL-17 expression is associated

with poor prognosis for gastric cancer patients, whereas high levels

of serum IL-6 and IL-10 correlate with tumor progression and serve

Fig. 6. Effect of GKN1 on T lymphocyte viability and differentiation. A: Cell death was measured by an annexin V-binding assay in Th0 and Th17 cells following recombinant

GKN1 treatment. No significant increase in annexin V staining was seen in treated cells. B: Flow cytometry for intracellular Foxp3 and IL-17 expression in GKN1-treated (1, 5,

25, 50, and 100 ng/ml) Th0 cells. The data are representative of two independent experiments. C: The concentration of IL-17 was measured in Th0 and Th17 cells by ELISA after

recombinant GKN1 treatment. Recombinant GKN1 treatment did not result in significant difference in IL-17 production. The results are presented as mean� SD of a duplicate

from a representative experiment. G1, 1 ng/ml GKN1 treatment; G5, 5 ng/ml GKN1 treatment; G25, 25 ng GKN1 treatment; G50, 50 ng/ml GKN1 treatment; G100, 100 ng/ml

GKN1 treatment.
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as independent predictors of poor survival in gastric cancer

[Liao et al., 2008; Ikeguchi et al., 2009]. In this study, GKN1

overexpression induced a significant increase in mRNA IL-8

and -17A expression, while IL-6 and IL-10 expression was

significantly decreased (Fig. 2A). In immunohistochemistry,

IL-17A production detected in 9 (13.6%) out of 166 gastric cancer

tissues was closely associated with GKN1 expression (P¼ 0.0001).

In addition, ectopic GKN1 expression induced decreased p-STAT3

expression and increased p-Erk protein expression (Fig. 1). These

results suggest that GKN1 contributes to anti-tumor properties by

regulating inflammatory cytokine expression.

We therefore examined whether GKN1 could modulate the

recruitment of inflammatory cells. Transwell chemotaxis assays

showed that Jurkat T cells and peripheral B lymphocytes

significantly migrated to the lower chamber containing GKN1

(Fig. 3). Since GKN1 expression activated the production of pro-

inflammatory cytokines, including IL-8 and IL-17A (Fig. 2), these

results indicate that GKN1 may play a role as a chemoattractant

during the infiltration of immune cells in gastric mucosa.

In addition, disruption of COX-2 blocks the upregulation of

cell proliferation, suggesting that COX-2 deficiency suppresses

H. pylori-induced cell proliferation [Li et al., 2006]. In this study, we

found that GKN1 expression led to decreased COX-2 expression

even in IL-1b treated AGS cells, and knock-down of GKN1

expression in HFE-145 cells increased COX-2 expression (Fig. 4).

Since activation of COX-2 has been shown to be involved in many

processes leading to tumor progression, such as angiogenesis,

survival, proliferation and invasion [Wang and Dubois, 2010], it is

likely that GKN1 is protective against gastritis-induced gastric

carcinoma via not only inducing apoptosis but also inhibiting cell

proliferation by COX-2 downregulation.

Next, we went on to determine whether increased production of

inflammatory cytokines promotes the proliferation of gastric

mucosal cells. Expectedly, GKN1 expression lowered cell viability

in AGS cells in a dose dependent manner, but recombinant IL-10 and

IL-17 protein treatment did not induce apoptosis or cell proliferation

in AGS cells (Fig. 5). Interestingly, recombinant GKN1 treatment

did not induce apoptosis or cell differentiation of T lymphocytes

(Fig. 6). These results further support that increased expression of

Th17-related factors may not correlate with gastric tumorigenesis

[Kennedy et al., 2011]. Hence, it is likely that GKN1 may affect cell

viability of gastric cancer cells, but transient exposure to these

inflammatory cytokines may not affect cell viability of gastric

mucosal cells. Further studies are urgently necessary to verify these

initial observations.

To summarize these findings, the role of GKN1 in gastric mucosa

is multi-functional. GKN1 expression induced the inactivation of

the NF-kB and COX-2, which may inhibit gastric mucosal cell

proliferation. In addition, GKN1 stimulated infiltration of immune

cells by producing inflammatory cytokines, such as IL-8 and -17A.

GKN1 also lowered viability of gastric mucosal cell, but did not

lower that of inflammatory cells. All of these results suggest that

GKN1 may have anti-carcinogenic effects via suppression of NF-kB

and COX-2, regulation of cytokine production, and recruitment of

inflammatory cells. Additional functional and translational GKN1

studies will certainly broaden our understanding of the pathogenesis

of gastritis and provide us with novel preventive and therapeutic

modalities for treating gastric inflammation and cancer.
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