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Abstract. Over the last few decades, predictive markers for the 
prognosis of gastric cancer have not been extensively investi‑
gated. The present study aimed to evaluate the expression profile 
of histone demethylase lysine (K)‑specific demethylase 6B 
(KDM6B) in gastric cancer and healthy control tissues, as well 
as its value in prognosis prediction as a clinical marker. Within 
the framework of these criteria, the diagnostic role of KMD6B 
for gastric cancer was investigated, which may provide 
insights into novel treatment targets. Immunohistochemistry 
was applied to detect KMD6B expression in 100  gastric 
cancer tissues and matching para‑cancerous tissues to analyze 
the association between KMD6B expression and clinico‑
pathological features. Based on the follow‑up data, the value 
of KMD6B in prognosis assessment was further explored. The 
role of KMD6B in gastric cancer cell proliferation, cell cycle 
distribution and the expression of cell cycle‑associated proteins 
was investigated by inhibiting KMD6B activity using the 
specific inhibitor GSK J4. KMD6B was mostly distributed in 
cytoplasm and nucleus in gastric cancer tissue. The expression 
level was significantly higher in cancer tissues compared with 
that in the corresponding non‑cancerous tissues. The expres‑
sion of KMD6B was significantly associated with sex, lymph 
node and distant metastasis status and clinical stage (P<0.05). 
Cell proliferation was significantly decreased with the inhibi‑
tion of KMD6B activity, and the cell cycle in HGC27 cells was 
arrested in the G2/M phase after being treated with GSK J4 for 
24 h. The expression of cyclin B and Cdc2 were significantly 
decreased, while p21 was upregulated. It was concluded that 
the dysregulated expression of KMD6B is associated with the 

malignant progression of gastric cancer and could be a poten‑
tial marker for prognosis. Blocking the demethylase activity of 
KMD6B induced G2/M arrest and inhibited the proliferation 
of gastric cancer cells, suggesting that KMD6B is a potential 
novel therapeutic target for gastric cancer.

Introduction

It has been reported that gastric cancer is the fifth most frequent 
malignancy worldwide and almost one million new cases are 
estimated to occur each year, resulting in ~723,000 deaths 
per year globally (1,2). In >50% of cases, gastric cancer has no 
noticeable symptoms, which may lead to advanced carcinoma 
with multiple metastases upon diagnosis (3). Chemotherapy is 
still considered as the primary therapy for advanced gastric 
cancer; however, its disadvantages, such as low response rate 
and short duration of clinical benefit, have limited its applica‑
tion (4). It is important to identify and develop more specific 
targeted therapies to improve the prognosis of gastric cancer. 
To achieve this, it is essential to screen and identify the critical 
molecular pathways and signaling transduction networks 
involved in the pathogenesis of gastric cancer using in‑depth 
studies.

In 2017, Padmanabhan et al (5) reported that epigenetic 
dysregulation plays an essential role in the development of 
gastric cancer. Post‑translational histone modifications are 
involved in the malignant progression of gastric cancer by 
regulating the expression of oncogene and tumor suppressor 
genes. The occurrence of gastric cancer is a result of the 
combination of environmental, polygenic and epigenetic 
abnormalities. The epigenetic mechanisms involved include 
DNA methylation  (6), non‑coding RNA  (7) and histone 
translational modifications  (8). Among these regulations, 
histone modifications, such as acetylation (9), methylation (10) 
and ubiquitination (11), are involved in the carcinogenesis of 
gastric mucosa through the regulation of oncogene expres‑
sion (12) and protein‑protein interactions (13). For example, 
while a group of genes including phosphatidylserine decarbox‑
ylase proenzyme, SWI/SNF complex subunit SMARCC1 and 
vacuolar protein sorting‑associated protein 37A are aberrantly 
methylated, thus aberrantly expressed, in gastric cancer (12), 
antisense‑transcribed lncRNA HOXA11‑AS is upregulated and 
serves as a scaffold to form complex of chromatin modification 
factors polycomb repressive complex 2, lysine‑specific histone 
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demethylase 1A and DNA (cytosine‑5)‑methyltransferase 1, 
thus regulating downstream gene expression, including pros‑
tasin and Krueppel‑like factor 2 (13).

Post‑translational histone modifications are involved in 
the malignant progression of gastric cancer by regulating 
the expression of oncogene and tumor suppressor genes. For 
instance, hypermethylation of histone 3 at lysine 9, hypo‑
methylation of histone 3 at lysine 4 and hypoacetylation of 
histone 3 at lysine 9 are reported to be associated with the 
silencing of tumor suppressor genes P16 and mutL homolog 1 
(MLH1) in gastric cancer cells (14). Moreover, the aberrant 
expression of an oncogene, Fez family zinc finger protein 1, is 
highly regulated by DNA methylation and histone acetylation 
in gastric cancers (15). Histone methylation modification is an 
essential regulatory mechanism in chromatin structure altera‑
tion and gene transcription (16). As a member of the histone 
demethylase family of proteins containing a JmjC domain, 
lysine (K)‑specific demethylase 6B (KDM6B) reverses the 
dimethylation (H3K27me2) and trimethylation (H3K27me3) 
of lysine at the 27th position in histone H3 and then activates 
the expression of target genes, such as proinflammatory 
factors including the p19 peptide of the chimeric cytokine 
IL‑23, granulocyte colony‑stimulating factor and triggering 
receptor expressed on myeloid cells 1 (17). The overexpres‑
sion of KMD6B is found in numerous types of tumor, such as 
prostate cancer, diffuse large B cell lymphoma and renal clear 
cell carcinoma, and it is associated with tumor progression and 
poor prognosis (18‑20).

The present study analyzed the expression profile of 
KMD6B in gastric cancer and further explored the func‑
tions and the potential underlying mechanisms of KDM6B 
in gastric cancer development. Furthermore, the alterations 
in cell proliferation, cycle distribution and the expression of 
cell cycle related proteins after inhibiting KMD6B with its 
specific inhibitor GSK J4 were investigated. The present study 
reported novel evidence to support the association between 
KMD6B‑overexpression and gastric cancer and evaluated 
KMD6B as a possible risk factor for gastric cancer.

Materials and methods

Patients and ethics approval. In total, 100  adult patients 
with cancer were admitted to Cixi People's Hospital between 
March 2008 and December 2011. Patients with gastric cancer 
who underwent surgical resection or gastroscopic biopsy 
were included in the present study. The age range was from 
32 to 81 years old, with the median age of 65 years. Each case 
was diagnosed according to the World Health Organization 
classification of digestive system tumors (2010 edition) (21) 
by two  pathologists who were blinded to patients' identi‑
fication and followed up every six months in clinic until 
December 2018. The detailed flow chart of the present study is 
presented in Fig. 1. All patients were newly diagnosed, without 
radiotherapy and chemotherapy or other tumor histories. No 
other inclusion or exclusion criteria were applied. The selected 
adjacent non‑cancerous tissues were at ≥2‑cm away from the 
edge of the cancer tissue. Tissues were fixed in 10% neutral 
formalin, processed through the standard dehydration and 
paraffin embedding protocol. Briefly, tissues were fixed in 
10% neutral formalin for 24 h at 4˚C, followed by dehydrating 

in 70% ethanol, two changes, 1 h each; 80% ethanol, one 
change, 1 h; 95% ethanol, one change, 1 h; 100% ethanol, three 
changes, 1.5 h each; and xylene, three changes, 1.5 h each. 
Then the tissues were embedded in paraffin. Written informed 
consent for the use of medical records of the patients was 
obtained at the time of surgery. The study was approved by 
The Ethics Committee of Cixi Hospital (Cixi, China; approval 
nos. 2008‑005 and 2017‑LS‑25).

Cells and reagents. The human gastric cancer cell line 
HGC‑27 was purchased from The Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences and cultured 
in RPMI‑1640 medium with 10% fetal bovine serum (both 
Thermo Fisher Scientific, Inc.). KMD6B inhibitor GSK J4 was 
purchased from Selleckchem (purity ≥98%); rabbit anti‑human 
KMD6B, cyclin B1, Cdc2, p21 and GAPDH polyclonal anti‑
bodies and horseradish peroxidase enzyme (HRP)‑labeled 
goat anti‑rabbit IgG antibodies were purchased from Cell 
Signaling Technology, Inc.

Immunohistochemistry (IHC) and hematoxylin‑eosin (HE) 
staining. IHC and HE staining were performed using the 
Histostain™ kit (Thermo Fisher Scientific, Inc.) following 
manufacturer's protocol. Briefly, paraffin embedded samples 
were sectioned into 5‑µm sections. Tissue slides were depa‑
raffinized and rehydrated by immersing the slides through 
the following solutions: Xylene (three washes 5 min each) 
100, 95, 70 and 50% ethanol (each washed twice for 10 min 
each) and deionized water, two washes for 5 min each. The 
slides were then fixed in 10% paraformaldehyde for 10 min at 
room temperature and washed with PBS. Fixed samples were 
treated with 3% H2O2 solution at room temperature for 10 min 
followed by washing with PBS three times. Antigen retrieval 
was performed by soaking the slides in boiling 0.01 M citrate 
buffer, pH 6.0 for 10 min, cooling to room temperature and 
washing with PBS three  times. Tissue sections were incu‑
bated with serum blocking solution provided in the kit for 
10 min, followed by incubation with rabbit primary antibody 
against KMD6B (cat. no. EAB‑2167; 1:50; Abcam) at room 
temperature for 1 h. After washing with PBS, sections were 
incubated with biotinylated broad‑spectrum secondary 
antibody (Histostain®‑Plus  3rd  Gen IHC Detection Kit, 
Invitrogen, #85‑903) at room temperature for 10 min and 
washed with PBS as the manufacture suggested. After incuba‑
tion, sections were then incubated with streptavidin‑enzyme 
conjugate for 10 min at room temperature, washed with PBS 
and incubated with substrate‑chromogen mixture at room 
temperature for 5 min, washed with PBS again and coun‑
terstained with hematoxylin for 1 min at room temperature 
following by thorough rinsing with tap water. Sections were 
finally mounted and dried until observation. Images were 
captured using a pathology microscopy imaging system 
(Olympus Corporation). Qualitative staining refers yellowish 
to brownish yellow staining as a positive marker in sections 
and sections were divided into four categories depending on 
staining intensity: 0, clear, 1, weak, 2, moderate and 3, strong. 
Colored areas were 0, if positive cells percentage  ≤1%; 
1, >1% to ≤25%; 2, >25% to ≤50% and 3, >50%. If the sum of 
the intensity score and the positive percentage score was >3, it 
was considered as high expression of KMD6B.
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In vitro proliferation analysis. The viability of HGC‑27 cells 
was determined by staining the cells with trypan blue following 
the manufacturer's instructions (Thermo Fisher Scientific, 
Inc.). The cells were treated with either vehicle control (0 µM) 
or GSK J4 at 2 or 4 µM for 24, 48 and 72 h. After treatment, 
cells were trypsinized and resuspended in culture medium 
and then counted under the microscope. For the colony 
formation assay, HGC27 cells were seeded in six‑well plate 
with 1x104 cells per well. GSK J4 was added into the culture 
medium at the concentrations of 0, 2 and 4 µM. Cell culture 
medium with appropriate concentration of GSK  J4 were 
refreshed every other day during the treatment. After 7 days 
incubation at 37˚C, the cells were fixed with 4% paraformal‑
dehyde solution for 10 min at room temperature and stained by 
0.1% crystallization purple for 15 min at 37˚C. The formation 
of colonies was analyzed (five fields randomly selected for 
counting clones, which is defined as a colony ≥10 cells). For 
cell cycle analysis, cells were trypsinized after treatment and 
were fixed with 100% ethanol at ‑20˚C for 10 min, followed 
by washing with TBS at room temperature and rehydrating 
in PBS for 10 min. Cells were then stained with propidium 
iodide  (PI) at 1 µg/ml (BioLegend, Inc.). Flow cytometry 

(BD FACSLyric™ Research System; BD Biosciences, Inc.) 
was used to run the samples and the data were analyzed using 
the ModFitLT software (ModFit5.0™; VeritySoftwareHouse,). 
In the meantime, the PrestoBlue® Cell Viability Reagent 
(Thermo Fisher Scientific, Inc.) was employed for the cell 
viability and proliferation detection. Briefly, 10 µl PrestoBlue 
reagent was added to 90 µl culture media at 37˚C in a cell 
culture incubator, protected from direct light for 30 min. Next, 
100 µl media collected from the culture wells was used for 
absorbance quantification at 570 nm, using 600 nm as a refer‑
ence wavelength, using a plate reader.

Western blotting. Cell culture and drug treatment were 
performed as aforementioned. Total cell lysate was extracted 
with RIPA buffer (Thermo Fisher Scientific, Inc.), and the 
protein concentration was determined using the BCA method. 
Then samples were analyzed by using 12%  SDS‑PAGE 
with 20 µg loaded per  lane. Then the proteins were trans‑
ferred to PVDF membranes at 300 mA constant current for 
120 min. The membrane was blocked with 3% BSA for 1 h 
at room temperature, then incubated with anti‑cyclin  B1 
(cat.  no.  12231; Cell Signaling Technology Inc.), Cdc2 
(cat. no. 28439; Cell Signaling Technology, Inc.) and p21 (Cell 
Signaling Technology Inc.). All the primary antibodies used 
were diluted at 1:1,000. for 2 h at room temperature, washed 
with TBS‑T (0.1% Tween‑20 in TBS) for 10 min three times. 
Then the membranes were incubated with HRP‑labeled goat 
anti‑rabbit IgG secondary antibody at room temperature 
for 1 h and washed with TBST. The Pierce™ ECL Western 
Blotting Substrate reagent (Thermo Fisher Scientific, Inc.) was 
used to visualize following the manufacturer's instructions. 
GAPDH was used as the internal control.

Statistical analysis. GraphPad Prism 8 (GraphPad Software, 
Inc.) was used for data analysis. All data sets were tested for 
the normal distribution. The χ2 test was used to compare the 
data over the expressions or profiles (such as tissue origin, 
expression level, age or sex). Fisher's exact tests were also used 
where appropriate. Cox univariate analysis was performed 
to analyze prognostic factors in patients as a whole. Cox 
multivariate analysis was performed to analyze prognostic 
factors in male vs. female patients. Clinical survival data was 
analyzed using Kaplan‑Meier analysis with the log‑rank test 
performed. In vitro experiment times was represented in each 
figure legends. Data sets were analyzed with one‑way ANOVA 
followed by Tukey's or Dunnett's post hoc tests as appropriate. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of KMD6B in gastric cancer tissues and the 
matching para‑cancerous tissues. In total, 100 adult patients 
were included in the present study, including 10  stage  I, 
32 stage II, 51 stage III and seven stage IV. To investigate 
whether the gastric cancer had increased KDM6B expres‑
sion compared with para‑cancerous tissue, IHC and HE 
staining and analysis were performed. There were 45 cases of 
KMD6B high expression among 100 cases of gastric cancer 
tissues, which accounted for 45.0% of the tested samples, 

Figure 1. Study flow chart. KMD6B, lysine (K)‑specific demethylase 6B.
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seeing a significant difference compared with 30 cases among 
adjacent para‑cancerous tissues, with the positive rate of 
30.0% (P=0.028; Table I) (Fig. 2).

Relationship between KMD6B expression in gastric cancer 
and clinical profiles. Next, whether the overexpression of 
KMB6B had any correlation with the clinical characteristics 
was investigated. Demographic and clinical characteristics 
were analyzed, as shown in Table II. KMD6B expression was 
not associated with patient age, tumor size, location, degree of 
differentiation, nerve and vascular invasion and T stage, with 
the corresponding P‑values, 0.917, 0.393, 0.611, 0.270, 0.685 
and 0.191, respectively. The expression of KMD6B was associ‑
ated with sex, N, M and clinical stages, with P‑values of 0.029, 
0.020, 0.021 and 0.021, respectively.

KMD6B expression may serve as gastric cancer prognostic 
factor. To investigate whether KMD6B has the potential to 
predict patient prognosis, expression levels of KMD6B and 
patient mortality rate were analyzed. In 45 cases that were 
considered as KMD6B high expression, the 1‑, 3‑ and 5‑year 
cumulative survival rates were 75.6, 35.6 and 29.9%, respec‑
tively. Whereas in the 55 cases with KMD6B low expression, 
the 1‑, 3‑ and 5year cumulative survival rates were 80.0, 61.8 
and 47.3%, respectively (Fig. 1). The overall survival rate of 
patients with KMD6B low expression was significantly higher 
compared with that of the high expression group (P=0.020) 
(Fig. 3). These data indicated that the expression of KMD6B 
might have the potential to serve as a prognostic biomarker for 
gastric cancer.

A total of 11 other variables were also analyzed, including 
age, sex, tumor size, tumor location, differentiation degree, 
nerve/vascular invasion, T, N, M and clinical stage and 
KMD6B expression level. As shown in Table III, Cox univar‑
iate analysis suggested that nine out 11 variables could serve 
as prognostic factors, including age (P=0.023), tumor size 
(P=0.013), degree of differentiation (P=0.017), neurovascular 
invasion (P<0.001), T stage (P=0.016), N stage (P=0.021), 
M  stage (P<0.001), clinical stage (P=0.031) and KMD6B 
expression level (P=0.023).

Multivariate analysis reported eight significant indepen‑
dent predictors, including age, sex, tumor size, tumor location, 
the degree of differentiation, nerve/vascular invasion, clinical 
stage and KMD6B expression. The results demonstrated that 
tumor size (P=0.008), neurovascular invasion (P<0.001) and 

KMD6B expression (P=0.007) were independent prognostic 
predictors of gastric cancer (Table IV).

GSK J4 inhibits the proliferation of gastric cancer HGC27 
cells. The aforementioned data indicated that expression 
pattern of KMD6B could serve as an independent prognostic 
factor in gastric cancer. Due to its significantly upregulated 
expression in gastric cancer tissues, it was speculated if over‑
expression also contributes to the malignant development of 
gastric mucosa. Cell proliferation was assessed by specific 
inhibition by GSK J4. The gastric cancer cell line HGC27 was 
used to perform a proliferation assay with 3 days of GSK J4 
treatment. The density of HGC27 cells in GSK J4 group was 
significantly less compared with that in the control group 
(P<0.05; Fig. 4). After 24‑h treatment, cells showed different 
proliferation rates. In vehicle control group, cell number 
reached 2.5±0.4x105, which was almost doubled that of the 
starting cell numbers (1.8±0.1x105), whereas in GSK J4‑treated 
cells, both drug concentrations used inhibited cell proliferation. 
The difference became more evident with increasing doses. As 
shown in Fig. 4B, by the end of treatment, the number of cells 
treated with GSK J4 4 µM was ~4‑fold less compared with the 

Table I. Expression of KMD6B in gastric cancer tissues and 
the matched para‑cancerous tissues.

	 KMD6B
	 expression, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Tissue origin	 Value, n	 High	 Low	 P‑value

Cancer tissue	 100	 45 (45)	 55 (55)	 0.028a

Para‑cancerous tissue	 100	 30 (30)	 70 (70)

aP<0.05. KMD6B, lysine (K)‑specific demethylase 6B.

Figure 2. Expression of KMD6B in gastric cancer tissues and matched 
para‑carcinoma tissues (magnification, x200). KMD6B, lysine (K)‑specific 
demethylase 6B.

Figure 3. Comparison of the Kaplan‑Meier survival curves on different 
expression levels of KMD6B in tumor cells of patients with gastric cancer. 
KMD6B, lysine (K)‑specific demethylase 6B.
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vehicle treated group (7.6±0.4 vs. 1.9±0.2; P<0.05). GSK J4 
2 µM treatment also showed the significant inhibitory function 
compared with the control group (2.2±0.1 vs. 1.9±0.2; P<0.05).

GSK J4 inhibits the colony formation of gastric cancer cells. 
A colony formation assay was also used to test the inhibitory 
effect of GSK J4 on gastric cancer cells. Following treatment 
with GSK J4 for 7 days, the colony number was 37.3±15.5 
and 16.0±5.6 in GSK J4 (2 µM) and GSK J4 (4 µM) groups, 
respectively. However, there were 179.0±13.5 colonies in the 
control group, suggesting that GSK J4 can inhibit the prolif‑
eration of gastric cancer cells. Compared with the traditional 
the formation of colonies, the resazurin‑based PrestoBlue 

cell viability assay represented the similar results, with 
significant inhibition of cell proliferation between the GSK J4 
2 and 4 µM groups compared with the vehicle‑treated group 
(0.887±0.088 vs. 1.810±0.206, P=0.0049, and 0.0.623±0.055 vs. 
1.810±0.206, P=0.0013, respectively; Fig. 5).

Effects of GSK  J4 on cell cycle distribution and related 
protein expression of gastric cancer cells. Next, it was inves‑
tigated how GSK J4 inhibited gastric cancer cell proliferation. 
Flow cytometry was used to analyze the cell cycle progres‑
sion of cells treated with GSK J4. Following treatment with 
GSK J4 2 and 4 µM for 24 h, the percentage of HGC27 cells 
at G2 phase were 35.76±2.40 and 41.62±9.47% respectively, 
which was significantly increased compared with the control 
group (18.80±2.05%) (both P<0.05). In the G1 or S phase, the 
percentage of HGC27 cells after GSK J4 treatment showed the 
trends of inhibition, compared with the control group but no 
significant difference been observed (Fig. 6). This suggested 
that blocking the demethylase activity of KMD6B can arrest 
the cell cycle at G2/M phase.

Table II. Association between KMD6B expression in gastric 
cancer and clinical profiles.

	 KMD6B
	 expression, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical variable	 Value, n	 High	 Low	 P‑value

Age, years				    0.917
  <65	 45	 20	 25
  ≥65	 53	 23	 30
Sex				    0.029a

  Male	 64	 34	 30
  Female	 36	 11	 25
Tumor size, cm
  <5	 51	 25	 26	 0.393
  ≥5	 47	 19	 28
Tumor location				    0.611
  Cardia/fundus	 13	   5	   8
  Body/antrum	 87	 40	 47
Pathological grade				    0.270
  I	 37	 14	 23
  II/III	 63	 31	 32
Nerve/vessel invasion				    0.685
  No 	 86	 38	 48
  Yes	 14	   7	   7
T stage				    0.191
  1/2	 19	   6	 13
  3/4	 81	 39	 42
N stage
  0	 27	   7	 20	 0.020a

  1‑3	 73	 38	 35
M stage				    0.021a

  0	 92	 38	 54
  1	   8	   7	   1
Clinical stage				    0.021a

  I	 10	   1	   9
  II/III/IV	 90	 44	 46

aP<0.05. KMD6B, lysine (K)‑specific demethylase 6B.

Figure 4. KMD6B regulates cell proliferation through demethylation. 
(A)  Proliferation of gastric cancer cells was inhibited by blocking the 
demethylase activity of KMD6B. (B) Cell counting after blocking KMD6B 
activity. *P<0.05 vs. control or GSK J4 4 µM. KMD6B, lysine (K)‑specific 
demethylase 6B.
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Cell cycle is restrictedly regulated by a set of cell cycle 
regulating proteins. The expression level of those proteins is 
closely related to the cell cycle status (22). Western blotting 
was performed to analyze the expression level of key proteins 
involved in cell cycle. As shown in Fig. 7A and B, after 24‑h 
treatment of GSK J4, the expression of cyclin B1 and Cdc2 in 
HGC27 cells was significantly downregulated (both P<0.05) 
while p21 was significantly upregulated compared with the 
control group (P<0.05).

Discussion

In China, the morbidity and mortality of gastric cancer are 
the third highest among all malignant tumors (2), of which 
>70% of patients are diagnosed at the advanced stage  (3). 
Chemotherapy is the primary therapy for advanced gastric 
cancer even though the response rate is low and the duration of 
progression‑free survival is short (4). Research has shown that 
different causes, including environmental causes and genetic 
abnormalities, contribute to the malignant transformation of 
gastric mucosa leading to gastric cancer progression (6‑10). 
Among these genetic modifications, malfunction in epigenetic 

Table III. Cox univariate analysis of prognostic factors of gastric cancer.

Variables	 HR	 LCI	 UCI	 P‑value

Age, years, <65 vs. ≥65	 0.580	 0.363	 0.927	 0.023a

Sex, female vs. male	 0.614	 0.378	 0.997	 0.048a

Tumor size, cm, <5 vs. ≥ 5	 0.551	 0.344	 0.883	 0.013a

Tumor location, cardia/fundus vs. body/antrum	 1.465	 0.727	 2.956	 0.286
Pathological grade, I vs. II/III	 0.530	 0.315	 0.892	 0.017a

Nerve/vessel invasion, no vs. yes)	 0.323	 0.177	 0.587	 <0.001b

T stage, 1/2 vs. 3/4	 0.422	 0.209	 0.852	 0.016a

N stage, 0 vs. 1/2/3	 0.510	 0.288	 0.903	 0.021a

M stage, 0 vs. 1	 0.166	 0.076	 0.362	 <0.001b

Clinical stage, I vs. II/III/IV	 0.280	 0.088	 0.892	 0.031a

KMD6B expression, low vs. high	 0.580	 0.363	 0.927	 0.023a

aP<0.05, bP<0.01. HR, hazard ratio; LCI, lower confidence interval; UCI, upper confidence interval.

Table IV. Multivariate Cox analysis of prognostic factors of gastric cancer, male vs. female.

	 Males	 Females
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR	 LCI	 UCI	 HR	 LCI	 UCI	 P‑value

Age, years, <65 vs. ≥65	 0.631	 0.385	 1.249	 0.711	 0.429	 0.965	 0.118
Tumor size, cm, < 5 vs. ≥ 5	 0.514	 0.298	 0.979	 0.446	 0.260	 0.673	 0.008a

Tumor location, cardia/fundus vs. body/antrum	 1.842	 0.895	 4.577	 2.078	 0.967	 3.671	 0.076
Pathological grade, I vs. II/III	 0.818	 0.521	 1.475	 0.762	 0.383	 1.291	 0.410
Nerve/vessel invasion, no vs. yes	 0.401	 0.187	 0.722	 0.253	 0.165	 0.496	 <0.001a

Clinical stage, I vs. II/III/IV	 0.629	 0.210	 1.802	 0.515	 0.130	 2.056	 0.368
KMD6B expression, low vs. high	 0.501	 0.288	 0.741	 0.419	 0.234	 0.879	 0.007a

aP<0.01. HR, hazard ratio; LCI, lower confidence interval; UCI, upper confidence interval.

Figure 5. Colony formation of gastric cancer cells inhibited by blocking the 
demethylase activity of KMD6B. (A) Representative images of the colony for‑
mation assay. (B) Quantification of colony counting after blocking KMD6B. 
(C) Resazurin‑based PrestoBlue® cell viability following GSK J4 2 and 4 µM 
treatment. *P<0.05 vs. control. KMD6B, lysine (K)‑specific demethylase 6B.
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regulation of oncogenes or tumor suppressor genes is an area 
of interest, especially histone modifications including acety‑
lation, methylation and ubiquitination. Epigenetic changes 
are involved in cancer progression by dysregulation of gene 
expression and/or protein‑protein interaction (9‑13). Intensive 
study of the pathogenesis of gastric cancer and screening key 
molecules involved in epigenetic regulation in gastric cancer 
will contribute to the development of targeted drugs and may 
improve the prognosis of patients with gastric cancer.

KMD6B is a member of the histone demethylase family 
of proteins containing the JmjC domain and requires Fe2+ and 

α‑ketoglutarate as co‑factors (23). KMD6B alters the expres‑
sion of target genes, such as those genes that are bivalently 
marked by H3K4me3 (tri‑methylation at the 4th lysine residue 
of the histone H3) and H3K27me3 (tri‑methylation at the 
27th  lysine residue of the histone H3) and associated with 
promoter‑proximal, paused RNA polymerase II (24), to induce 
cell carcinogenesis by affecting the process of modifying factors 
binding and chromatin remodeling (1). KMD6B also directly 
regulates gene transcription by modifying H3K27 methylation 
in the promoter region of the Ink4a/Arf locus, which encodes 
two distinct proteins that intimately link the pRB and p53 

Figure 6. G2/M phase arrest of gastric cancer cells induced by GSK J4 blocking the demethylase activity of lysine (K)‑specific demethylase 6B. (A) Flow 
cytometry dot plots and histogram analysis represent the cells FSC/SSC and cell phases after GSK J4 treatment. (B) Cell cycle distribution after GSK J4 
treatment. *P<0.05 vs. control. FSC, forward scatter; SSC, side scatter.

https://www.spandidos-publications.com/10.3892/ol.2021.12752
https://www.spandidos-publications.com/10.3892/ol.2021.12752
https://www.spandidos-publications.com/10.3892/ol.2021.12752
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tumor suppressor pathways: p16INK4a and p14/p19ARF (25). 
KMD6B is overexpressed in different types of tumors and is 
associated with tumor progression and poor prognosis (26). 
KMD6B is upregulated in prostate cancer and expressed at the 
highest level in metastatic foci, and high KMD6B expression 
suggests a poor prognosis (19). KMD6B is also overexpressed 
in both primary and Epstein‑Barr infection‑related Hodgkin's 
lymphoma (27). Patients with renal clear cell carcinoma with 
KMD6B high expression have a poor prognosis, and the 
expression of KMD6B is positively correlated with the tumor 
size, lymph node metastasis and pathological stage (18). The 
present results indicated that KMD6B was highly expressed 
in 45% of gastric cancer tissues. The protein level of KMD6B 
was significantly associated with patient sex, N, M and clinical 
stages. Survival analysis showed that KMD6B‑overexpression 
was an independent prognostic factor for gastric cancer. 
However, the sample distribution among clinical stage was 
unbalanced (I to II/III/IV, 1:9) in the study, which might be 
the reason why clinical stage cannot be used as a prognostic 
marker in gastric cancer in the present study. More patients 
with stage  1 are needed in order to analyze the relation‑
ship between clinical phases and gastric cancer prognosis. 
Similarly, the sex disproportion (male to female, 16:9) might 
affect the relationship between KMD6B expression and sex 
as well. Therefore, these factors require further study with a 
larger sample size. Such are expected to further demonstrate 
the impact of KMD6B on gastric cancer.

Targeted inhibition of the expression or demethylase 
activity of KMD6B can induce cell cycle arrest, apoptosis and 
differentiation, demonstrating the potent antitumor activity 
of KMD6B  (22,28‑30). GSK J4 inhibits KMD6B activity 
and decreases the self‑renewal of breast cancer stem cells by 
downregulating the expression of the key transcription factors 
OCT4, NANOG and SOX2 (31,32). Ha et al  (33) reported 
that KMD6B can promote G1/S phase arrest in THP‑1 cells. 
KMD6B mediates the malignant progression of diffuse large 
B cell lymphoma by sustaining the activation of the NF‑κB 
pathway via interacting with the transcription factor IRF4 
and also can promote apoptosis resistance and cell prolifera‑
tion (22,34,35). The present study demonstrated that GSK J4 

significantly inhibited the proliferation of HGC27 gastric 
cancer cells as the percent of cells in the G2 phase was increased 
in GSK J4‑treated groups, the expression of cyclin B1 and 
Cdc2 was significantly decreased and p21 was upregulated.

The aforementioned experimental results suggested that the 
inhibition of endogenous KMD6B demethylase activity can 
induce G2/M arrest and inhibit cell proliferation, suggesting 
KMD6B has potential as a therapeutic target for gastric cancer. 
Previous studies have found that KMD6B can promote the 
invasion and metastasis of hepatocellular carcinoma via medi‑
ating the epithelial‑mesenchymal transition (EMT) through 
upregulating the expression of Slug (36,37). The present study 
has limitations, for example the database was extracted from 
single center and more cases are needed to validate the results. 
Moreover, clinical outcomes associated with cancer‑wide 
gene expression and web‑based platforms offering survival 
prediction data and cancer registry risk estimates, such as 
SurvExpress (38), PROGgeneV2 (39), UALCAN (www.ualcan.
path.uab.edu) and Oncomine (www.oncomine.org), should be 
used in future. Using advanced genomic analysis tools could 
further improve our understanding of the impact of aberrant 
KMD6B on the clinical outcomes of gastric cancer (38‑45). 
Since metastasis is a key malignant characteristic of cancer, 
it remains of considerable interest to further study the role of 
KMD6B in mediating the EMT phenotype. In addition, the 
potential of KDM6B targeted inhibition in preventing the inva‑
sion and metastasis of gastric cancer should be investigated.
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