
Journal of Biosciences and Medicines, 2017, 5, 80-90 
http://www.scirp.org/journal/jbm 

ISSN Online: 2327-509X 
ISSN Print: 2327-5081 

 

DOI: 10.4236/jbm.2017.511009  Nov. 28, 2017 80 Journal of Biosciences and Medicines 
 

 
 
 

Down-Regulation of GKN1 in Gastric  
Cancer Is Not Associated with the  
RUNX3 Expression  

Chiara Stella Di Stadio1*, Filomena Altieri1*, Antonella Federico1*, Giuseppina Miselli1,  
Antonello Niglio2, Maurizio De Palma2, Emilia Rippa1#, Paolo Arcari1,3# 

1Department of Molecular Medicine and Medical Biotechnology, University of Naples Federico II, Naples, Italy 
2Hospital A. Cardarelli, Naples, Italy 
3CEINGE, Advanced Biotechnology Scarl, Naples, Italy 

 
 
 

Abstract 
Gastrokine 1 (GKN1) is a gastric mucosal protein highly expressed and se-
creted in normal individuals but during Helicobacter pylori infection or in 
gastric carcinogenesis it is strongly down-regulated or totally absent. In gastric 
cancer, the GKN1 gene is silenced through an epigenetic mechanism most 
likely mediated by a transcription factor that promotes on GKN1 promoter 
the activity of the enzymes SUV39H1 and HDACs. Because RUNX3 is a po-
tential candidate in the regulation of molecular carcinogenesis process of 
stomach cancers, we tried to assess if RUNX3 could be involved in GKN1 
down-regulation in GC. 17 paired of non-tumoral and tumoral surgical spe-
cimens from patients with gastric cancer were analyzed for GKN1 and 
RUNX3 by Western blotting and chromatin immunoprecipitation (Chip) as-
says. The overall results indicated that RUNX3 expression was not associated 
with the down-regulation of GKN1. The expression levels of RUNX3 in 
non-tumoral and tumoral samples suggest that RUNX3 does not act as a tu-
mor suppressor but that it might play a complex oncogenic role in gastric 
cancer cells. 
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1. Introduction 

Gastrokine 1 (GKN1) or 18 kDa Antrum Mucosal Protein (AMP18) is important 
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for maintaining the physiological function of the gastric mucosa [1] [2] [3]. 
However, the GKN1 expression is down-regulated or totally absent in gastric 
tumor tissues and derived cell lines [4] [5]. Moreover, its over-expression in gas-
tric cancer (GC) cells induces apoptosis, thus suggesting a possible role as a tu-
mor suppressor [6]. The inactivation of GKN1 gene in GC seems to be corre-
lated to epigenetic mechanisms like histone modification that could contribute 
to its down-regulation. In fact, chromatin immunoprecipitation assays for the 
trimethylation of histone 3 at lysine 9 (H3K9triMe) and its specific histone-ly- 
sine N-methyltransferase (SUV39H1), performed on human specimens of nor-
mal and cancerous gastric tissues, showed that GKN1 down-regulation in GC 
tissues was associated with high levels of H3K9triMe and with the recruitment of 
SUV39H1 to the GKN1 promoter. These findings suggested that an epigenetic 
transcriptional complex could negatively regulate GKN1 expression in gastric 
tumors [7]. 

The RUNX family (mammalian Runt-related genes) [8] of transcription fac-
tors plays an important role during normal development but appears deregu-
lated in neoplasias. This family is composed of three members, RUNX1/AML1, 
RUNX2 and RUNX3 [9] coding for related proteins with DNA binding proper-
ties. RUNX3 is the best characterized of the three family members. It has been 
described as a tumor promoter or suppressor; however, conflicting results and 
opinions on its role in same cancer reflect a possible complex role in oncogenesis 
[10]. In fact, RUNX3 is actually not acknowledged as tumor suppressor gene 
(TSG). Moreover, scientific reports show that RUNX3 is not expressed in nor-
mal gastric epithelium [11] [12], that RUNX3 mutations and 1p36 deletions are 
not frequent in GC [13] [14] [15] [16], that RUNX3 promoter methylation is not 
relevant to its declared TSG function [17], and that RUNX3 is not associated 
with familial GC or with increased risk of GC. Juxtapose to these outcomes, 
RUNX3 seems to be overexpressed in several cancers including GC [18] [19] 
[20] [21], it can promote malignancy and its activation is essential for the proli-
feration of EBV-transformed B cells [10]. Therefore, considering that RUNX3 
could represent a potential candidate in the molecular carcinogenesis process of 
stomach cancers, we decided to investigate whether RUNX3 could play a role in 
GKN1 gene inactivation. Here we report by Western blotting that the expression 
of RUNX3 in non-tumoral and tumoral samples obtained from patients owing 
GC was not correlated to the down-regulation of GKN1. Moreover, chromatin 
immunoprecipitation (ChIP) assays also showed the non-association of RUNX3 
to the down-regulation of GKN1. These data denoted that RUNX3 might be in 
GC an oncogene [9] [10] [11] [12] rather than a tumor suppressor [10].  

2. Materials and Methods 
2.1. Materials 

Mouse GKN1 monoclonal antibody (M01), clone 2E5, was purchased from Ab-
nova (Taipei, Taiwan). Mouse monoclonal to RUNX3 antibody [ab40278] was 
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from Abcam (Cambridge, MA, USA). Mouse α-Tubulin monoclonal antibody 
(B7) was from Santa Cruz Biotechnology (Dallas, TX, USA). 

2.2. Human Tissues and Western Blotting 

Patients with GC were recruited at Hospital A. Cardarelli, Naples, Italy. Patients 
were interviewed for smoking habit, alcohol intake and chronic use of drugs. 
Hospital Pathologist carried out the dissection of non-tumor and tumor tissues 
during surgery. GC was staged and graded according to the American Joint 
Committee on Cancer criteria [22]. The characterization of the non-tumoral 
gastric mucosa was made by the hospital pathologist from the comparison be-
tween the macroscopic aspects of normal tissue versus the tumoral one [23], and 
from our finding clearly indicating that GKN1, highly expressed in gastric 
non-tumoral tissues, was strongly down-regulated or totally absent in GC tissues 
[4]. The University of Naples Federico II Ethics Committee (Comitato Etico 
Università Federico II) approved this study (protocol number 34/15) [23]. 

Proteins from cell extracts (about 20 µg) were detected by Western blotting 
with mouse anti-GKN1 at 1:500, mouse anti-RUNX3 and anti-α-Tubulin at 
1:1000 dilution. Gel bands were detected using the enhanced chemiluminescence 
detection kit (SuperSignal West Pico). 

2.3. Chromatin Immunoprecipitation (ChIP) Assay 

Non-tumoral and tumoral tissues were cut into small pieces using a scalpel blade 
and disaggregate using a Dounce homogenizer to get a homogeneous suspen-
sion. Cellular suspension was collected by centrifugation at 2000 rpm at 4˚C for 
10 minutes and then suspended in 6× volume of cell lysis buffer [5 mM pipera-
zine-N,N'-bis (2-ethane sulfonic acid) (PIPES) pH 8.0, 85 mM KCl, 0.5% NP-40] 
plus phenylmethylsulfonyl fluoride (PMSF) (1 mM) and trypsin inhibitor (10 
μg/ mL) as protease inhibitors. The suspension was then incubated on ice for 15 
minutes and lysed using a Dounce several times. Nuclei were collected at 5000 
rpm at 4˚C for 10 minutes and the pellet was suspended in 5× volume of nuclei 
lysis buffer (50 mM Tris-HCl pH 8.1, 10 mM EDTA, 1% SDS) plus the same 
protease inhibitors as the cell lysis buffer. The solution was incubated on ice for 
20 minutes and subsequently froze and thawed in liquid nitrogen 2 times to aid 
in nuclear lysis. After centrifugation at 5000 rpm at 4˚C for 10 minutes, the ob-
tained chromatin was sonicated according to the procedure already described 
[24]. Samples were subjected to immunoprecipitation (IP) with the specific an-
tibody against RUNX3. qRT-PCR was performed as described [7].  

2.4. Statistical Analyses 

Statistical analysis was made by two-tailed paired Student’s t-test using Kaleida-
Graph 4.1.1 software. The intensity of Western blot bands was evaluated with 
ImageJ 2.0.0-RC-43/1.51k software. Data are reported as means ± standard devi-
ation (SD). The significance was accepted at the level of p < 0.05. 
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3. Results and Discussion 
3.1. RUNX3 and GKN1 Expression Levels in Non-Tumoral  

and Tumoral Tissues 

Previously, we showed that epigenetic mechanisms leading to the inactivation of 
GKN1 gene play a key role in the multi-step process of gastric carcinogenesis. 
We propose a model in which a transcription factor might functions as a nega-
tive regulator by recruiting on the GKN1 promoter SUV39H1 and HDACs to 
induce histone methylation and deacetylation, respectively thus resulting in 
GKN1 inactivation (Figure 1). We also found that treatment of gastric cancer 
cell line with trichostatin A (TSA) strongly enhances the expression of GKN1 
mRNA. Therefore, the loss of GKN1 function contributes to malignant trans-
formation and proliferation of gastric epithelial cells in gastric carcinogenesis. 
Because the RUNX family of transcription factors plays pivotal roles during 
normal development and in gastric neoplasias, we tried to highlight if RUNX3 
could be involved in GKN1 down-regulation during gastric carcinogenesis. 

We first analyzed the expression level of GKN1 in twelve paired samples of 
non-tumoral (N1 - N12) and tumoral (T1 - T12) gastric tissues taken from 12 pa-
tients after surgery. Tissue T1-2 and T7-8 and T10-11 showed a poorly differentiated 
adenocarcinoma of diffuse type, T3 - T4 and T9 showed a poorly differentiated 
adenocarcinoma of intestinal type, T5 - T6 showed a moderately differentiated 
adenocarcinoma of intestinal type, finally, T12 showed a poorly differentiated 
adenocarcinoma with a neuroendocrine expression of unspecified type. The 
clinic pathologic characteristics of GC patients are reported in Table 1. The pe-
ritumoral areas of intestinal type GC showed a variable degree of gastric atrophy 
with diffuse intestinal metaplasia, while the peritumoral areas of diffuse-type GC 
showed a variable degree of non-dysplastic inflammation. 

Figure 2 (panels A B and C) shows the expression profiles of GKN1 in twelve 
paired non-tumoral and tumoral tissues evaluated by western blotting (WB) us-
ing anti-GKN1 antibody. Compared to non-tumoral tissues, down-regulation of  
 

 
Figure 1. GKN1 gene inactivation proposed mechanisms. A hypothetical transcription 
factor acts as a negative regulator by enrolling both SUV39H1 and HDACs to the GKN1 
promoter thus inducing histone deacetylation and H3K9triMe methylation. Trichostatin 
A (TSA), an HDACs inhibitor, down-regulated H3K9triMe methylation thus resulting in 
GKN1 mRNA re-expression [7]. 
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Figure 2. GKN1 expression levels in human gastric tissues. ((a), (b) and (c)) Western blot 
of tissue extracts analyzed in paired non-tumoral (N1 - N12) and tumoral (T1 - T12) human 
gastric samples, respectively, using mouse anti-GKN1 antibody (Ab).  
 
Table 1. Clinical and histopathological characteristics of gastric cancer patients. 

Variable n. 17 

Age at surgery (yrs) 
Mean ± SD 

63 ± 15 

Range 32 - 78 

Sex M/F 8/9 

Tumor type  

Intestinal 6 

Diffuse 6 

Unspecified 5 

Stomach region  

Antrum 5 

Corpus-Fundus 8 

Not defined 4 

Grade of differentiation  

Moderate 3 (17.6%) 

Poor 14 (82.4%) 

Stage  

Early 0 (0%) 

Advanced 17 (100%) 

 
GKN1 was detected in T1, T2, T6, T7, T10, T11 and T12 tumoral tissues whereas, in 
the remaining tumoral specimens (T4, T5, T8 and T9), the absence of GKN1 ex-
pression was instead observed.  

Subsequently, based on our hypothesis, it was analyzed if the down-regulation 
of GKN1 was accompanied by an up-regulation of the transcription factor 
RUNX3 in the same human specimens. As reported in Figure 3, compared to 
non-tumoral tissues, RUNX3 was found always expressed in all tumoral tissues  
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Figure 3. RUNX3 Expression levels in human gastric tissues. ((a), (c), and (e)) Expression 
levels of RUNX3 protein in non-tumoral (N1 - N12) and tumoral (T1 - T12) paired samples 
evaluated from the densitometry of RUNX3 bands normalized towards the corresponding 
densitometry of α-tubulin bands ((b), (d), and (f)). Lane C1. Human Raji cell line. (a) Ra-
tio between RUNX3 band intensity and that of the corresponding α-Tubulin. 
 
(panels A, C, and E). α-tubulin was used as control (panels B, D, and F). Com-
pared to GKN1, RUNX3 was found to be up-regulated in 7 out of 12 tumoral 
tissues analyzed (58%) (Figure 4). However, it must be considered that the den-
sitometric ratios were only indicative because they were not statistically signifi-
cant. Up-regulation of RUNX3 has been reported in primary and metastatic 
pancreatic [20], in early-onset gastric carcinomas [11], in basal cell carcinomas 
[21], in head and neck squamous cell carcinoma (HNSCC) tissues [25] and in 
ovarian cancer [19], thus suggesting an oncogenic property in cancer develop-
ment [18] [19] [25].  

3.2. GKN1 Down-Regulation in GC Is Not Associated with RUNX3  
on the GKN1 Promoter 

To investigate whether RUNX3 was involved in the inactivation of GKN1 gene, 
ChIP assays were performed. As already reported [7], for the Chip assay it was 
identified a 600 bp GKN1 promoter region that was divided into three segments 
of about 160 bp (A, B, and C). Compared with non-tumoral tissues, ChIP assays 
performed on these segments did not reveal a significant association of RUNX3 
in tumoral tissues. In fact, as reported in Figure 5, the assay performed on five 
additional paired non-tumoral (N13 - N17) and tumoral (T13 - T17) specimens re-
vealed variable results in chromatin immunoprecipitation of RUNX3 with the 
exception for the paired non-tumoral and tumoral specimens (N16 and T16). This 
result strongly suggests the non-involvement of the transcription factor in the  
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Figure 4. Comparison between GKN1 and RUNX3 expression levels of in the tumor tis-
sues analyzed. The relative expression of GKN1 and RUNX3 was determined as the dif-
ference between WB band intensity of non-tumoral tissue and that of the corresponding 
tumoral one. 
 

 
Figure 5. RUNX3 levels on human GKN1 gene promoter. ChIP assays performed on 
human non-tumoral (N13 - N17) and tumoral (T13 - T17) human gastric samples, respec-
tively. RUNX3 enrichment relative to input is reported as 2ΔCt ∙ 100, where ΔCt is the 
difference between Ct Input and Ct IP. All quantitative ChIP data were derived from 
three independent experiments, and for each experiment, qPCR was performed in tripli-
cate. *p < 0.05, compared to corresponding control. 
 
regulation of GKN1 silencing in gastric cancer. In addition, the down-regulation 
of GKN1 in the specimens analyzed (Figure 6) was not correlated with the Chip 
results.  
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Figure 6. Expression levels of GKN1 in the gastric tissues used for Chip assay. (a) West-
ern blot of tissue extracts analyzed in paired non-tumoral (N13 - N17) and tumoral (T13 - 
T17) human gastric samples, respectively, using mouse anti-GKN1 antibody (Ab). a. Rela-
tive expression of GKN1 in sample tissues reported as band intensity ratio with that of the 
corresponding α-Tubulin (b). 

4. Conclusions 

In the present study, we addressed the role of RUNX3 as a possible transcription 
factor involved in an epigenetic transcription complex that promotes silencing of 
GKN1 gene expression. We aimed at identification of genes that contribute to 
GC development and progression and that might represent promising gene-tar- 
gets for potential new therapies. Our experimental evidence shows that com-
pared to non-tumoral tissues, the expression of RUNX3 in tumoral specimens of 
gastric tissues were not always alongside accompanied by the down-regulation of 
GKN1. The non-involvement of RUNX3 in GKN1 gene silencing was also con-
firmed by ChiP assay. In fact, no recruitment of RUNX3 on GKN1 gene promo-
ter was significantly observed in assays performed on tumoral samples compared 
to non-tumoral ones. Considering the quite abundant expression levels of 
RUNX3 in non-tumoral samples and its up-regulation in several tumors, the da-
ta obtained confirm the actual view that RUNX3 is not a tumor suppressor and 
support its potential oncogenic role in GC.  
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