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Abstract
AIM
To investigate the role of Δ133p53 isoform in nuclear 
factor-κB (NF-κB) inhibitor pyrrolidine dithiocarbamate 
(PDTC)-mediated growth inhibition of MKN45 gastric 
cancer cells.

METHODS
The growth rate of MKN45 cells after treatment with 
different concentrations of only PDTC or PTDC in 
combination with cisplatin was detected by the CCK-8 
assay. mRNA expression levels of Δ133p53, p53β, 
and the NF-κB p65 subunit and p65 protein levels 
were detected by reverse transcription-polymerase 
chain reaction (RT-PCR) and immunofluorescence, 
respectively. Growth of MKN45 cells was significantly 
inhibited by PDTC alone in a dose-dependent manner (P  
< 0.01). Moreover, the inhibitory effect of cisplatin was 
remarkably enhanced in a dose-dependent manner by 
co-treatment with PDTC (P  < 0.01).

RESULTS
RT-PCR analysis revealed that mRNA expression of 
p65 was curbed significantly in a dose-dependent 
manner by treatment with only PDTC (P  < 0.01), and 
this suppressive effect was further enhanced when 
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co-treated with cisplatin (P  < 0.01). With respect to 
the other p53 isoforms, mRNA level of Δ133p53 was 
significantly reduced in a dose-dependent manner by 
treatment with only PDTC or PTDC in combination with 
cisplatin (P  < 0.01), whereas p53β mRNA expression 
was not altered by PDTC treatment (P  > 0.05). A 
similar tendency of change in p65 protein expression, 
as observed for the corresponding mRNA, was detected 
by immunofluorescence analysis (P  < 0.01). Pearson 
correlation analysis demonstrated that Δ133p53 and 
p65 mRNA expression levels were positively related, 
while no significant relationship was observed between 
those of p65 and p53β (r  = 0.076, P  > 0.01).

CONCLUSION
Δ133p53 isoform (not p53β) is required in PDTC-
induced inhibition of MKN45 gastric cancer cells, 
indicating that disturbance in the cross-talk between 
p53 and NF-κB pathways is a promising target in 
pharmaceutical research for the development of 
treatment strategies for gastric cancer.

Key words: Gastric cancer; p53 isoforms; Nuclear 
factor-κB

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Intestinal-type of gastric cancer develops 
from chronic gastritis. Δ133p53 isoform has been 
recently identified as an oncogenic actor that is pivotal 
in Helicobacter pylori -driven progression of chronic 
gastritis to gastric cancerogenesis. These results 
suggest that Δ133p53 isoform is required in pyrrolidine 
dithiocarbamate-induced inhibition of MKN45 gastric 
cancer cells, and disturbance in the cross-talk between 
p53 and nuclear factor-κB pathways is a promising 
target in pharmaceutical research for the development 
of treatment strategies against intestinal-type gastric 
cancer.

Zhang HM, Sang XG, Wang YZ, Cui C, Zhang L, Ji WS. Role 
of Δ133p53 isoform in NF-κB inhibitor PDTC-mediated growth 
inhibition of MKN45 gastric cancer cells. World J Gastroenterol 
2017; 23(15): 2716-2722  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i15/2716.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i15.2716

INTRODUCTION
The association between chronic inflammation and 
cancer has been researched extensively. Few cases 
of gastric cancer, at early stages of cancerogenesis, 
have been ascribed to germline mutations in CDH1, 
encoding E-cadherins, or rarely other genes[1,2]. In fact, 
most cases of gastric carcinoma develop from chronic 
gastritis and its associated lesions and diseases. In 
addition, Helicobacter pylori (H. pylor) is considered 

the common pathogen of both chronic gastritis and 
gastric carcinoma. Thus, elucidation of the underlying 
molecular mechanisms of H. pylori-associated gastritis 
and cancerogenesis could contribute immensely 
to the treatment of associated diseases. Both the 
nuclear factor-kappa B (NF-κB) and p53 pathways 
display significant modifications, some of which are 
H. pylori-driven, in the progression of chronic gastritis 
to cancerogenesis[3-6]. A previous study reported that 
the interaction of mutant p53 and NF-κB promoted 
persistent tissue damage and extended inflammation 
and progressed to inflammation-associated human 
colorectal cancer[7]. Results from a recent study further 
indicated that Δ133p53 isoform is a crucial molecule 
in this process, and focusing on the changes in this 
isoform can provide insight into the association of H. 
pylori infection with chronic gastritis, precancerous 
lesions, and gastric cancerogenesis[8,9]. Therefore, 
understanding the crosstalk between NF-κB and p53 
pathways could significantly contribute to cancer 
prevention and treatment strategies in inflammation-
associated gastric cancerogenesis. Therefore, the 
present study was designed to evaluate the role of 
Δ133p53 isoform under an NF-κB-inhibited condition 
(using the NF-κB inhibitor pyrrolidine dithiocarbamate, 
PDTC) and the combined biological effect in MKN45 
cells, a gastric cancer cell line with wild-type p53[10-12].

MATERIALS AND METHODS
Cell culture
The MKN45 human gastric cancer cell line was 
supplied by the Cell Bank of Chinese Academy of 
Medical Science (Beijing, China) and used before the 
tenth passage. Cells were tested for mycoplasmic 
infection and cultured in RPMI‑1640 medium, supple
mented with 10% fetal bovine serum, at 37 ℃ in an 
atmosphere containing 5% CO2. Cells in the expo
nential growth phase were collected for the following 
experiments.

CCK-8 analysis
MKN45 cells in the exponential growth phase 
were digested, seeded in a 96‑well plate (5 × 104 
cells/well), and then cultured for 24 h. PDTC, at 
concentrations of 25, 50, and 75 µmol/L alone or in 
combination with 4 µg/mL cisplatin or an equal volume 
of phosphate‑buffered saline (PBS), was added to 
the cells, which were then cultured for another 48 
h. Medium without any cells or drugs was placed in 
the empty wells. Subsequently, the culture medium 
was discarded, 20 μL of a mixture of CCK-8 and the 
medium at a 1:10 ratio was added to each well, and 
the cells were cultured for another 1 h. Three replicate 
wells were established for each condition. Optical 
density (OD) of the cells was measured at 450 nm 
using a Multiskan FC microplate reader (Thermo Fisher 
Scientific, Inc., Waltham, MA, United States), and the 

2717 April 21, 2017|Volume 23|Issue 15|WJG|www.wjgnet.com

Zhang HM et al . NF-κB and p53 isoforms in cell growth inhibition



growth inhibition rate was calculated as follows:

IC =1 - [(AExp - AEmp)/(AC - AEmp)] × 100%

Where IC is the growth inhibition rate, AExp is 
the absorbance in the experimental group, AC is 
the absorbance in the control group, and AEmp is the 
absorbance in the empty group.

Reverse transcription-polymerase chain reaction
MKN45 cells in the exponential growth phase were 
digested, seeded in a 96‑well plate (5 × 104 cells/well), 
and then cultured for 24 h. PDTC, at concentrations 
of 25, 50, and 75 µmol/L alone or in combination 
with 4 µg/mL cisplatin or an equal volume of PBS 
(control wells), was added to the cells, which were 
then cultured for another 48 h. RNA extraction and 
cDNA synthesis were performed according to the 
manufacturer’s instructions provided along with 
the TRIzol extraction and reverse transcription PCR 
kits. PCR was performed to amplify Δ133p53, p53β, 
p65, and β-actin using the primers shown in Table 1. 
Lengths of the amplified products were 690 bp for 
p53, 1050 bp for p53β, and 539 bp for β‑actin. PCR 
conditions were set as 35 cycles at 94 ℃ for 1 min for 
denaturation, 58 ℃ for 50 s for annealing, and 72 ℃ 
for 1 min for extension. PCR was performed with a 
BIO-RAD IQ5 Thermal Cycler (Bio-Rad Laboratories, 
Hercules, CA, United States). The cycle threshold (CT) 
value was detected, and the relative mRNA expression 
level was calculated as 2−ΔΔCT.

Immunofluorescence
MKN45 cells were digested as a single-cell suspension 
and plated in a 96-well plate. PDTC, at concentrations 
of 25, 50, and 75 µmol/L alone or in combination 
with 4 µg/mL cisplatin or an equal volume of PBS 
(control wells), was added to the cells, which were 
then cultured for another 48 h. Cells were fixed in 4% 
paraformaldehyde for 30 min, incubated with 0.1% 
TritonX-100 PBS solution for 10 min, and then with 3% 
H2O2 for another 10 min. Subsequently, 1% bovine 
serum albumin solution was added to block non-

specific sites, and the cells were incubated with NF-
κB p65 antibody (Abcam, E379 ab32536, Aibokang 
Corporation Ltd., Shanghai, China) at a 1:200 dilution 
overnight and then with a secondary antibody (goat-
anti-rabbit-596nm, ZF0316, Zhongshan Jinqiao 
Biotechnology Corporation Ltd., Beijing, China) at a 
1:200 dilution for another 2 h. Nuclei were stained 
with 4’,6-diamidino-2-phenylindole for 10 min, and the 
cells were examined under a fluorescence microscope 
(Olympus, Japan). p65 protein expression was measured 
as the integral optical value.

Statistical analysis
SPSS version 17.0 (International Business Machines, 
Armonk, NY, United States) software package was 
used for statistical analyses. Data are recorded as 
the mean ± SD. Differences between two groups 
were analyzed by the least significant difference 
t-test, and differences among more than two groups 
were evaluated by one-way analysis of variance. 
Correlations between variables were tested with 
Pearson linear relevancy analysis.

RESULTS
Growth inhibition
Growth inhibition rates of gastric cancer cells under 
different treatments are shown in Figure 1. PDTC 
significantly inhibited the growth of MKN45 cells 
in a dose-dependent manner (F = 167.10, P < 
0.01). Moreover, the inhibitory effect of cisplatin 
was enhanced in a dose-dependent manner by co-
treatment with PDTC (F = 52.23, P < 0.01).

p65 expression
Results of reverse transcription-polymerase chain 
reaction (RT-PCR) analysis showed that PDTC sig
nificantly downregulated p65 mRNA expression in 
a dose-dependent manner (P < 0.01, Figure 2A). 
Although p65 mRNA expression was up-regulated 
by treatment with cisplatin alone, the combination of 
PDTC and cisplatin resulted in inhibitory enhancement 
(P < 0.01, Figure 2A). Similar trends in p65 protein 
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Table 1  Primer sequences

Primer Primer sequence (5’-3’) Length (bp)

p53β Outer Sense: GTCACTGCCATGGAGGAGCCGCA 1050
Antisense: GACGCACACCTATTGCAAGCAAGGGTTC

Inner Sense: ATGGAGGAGCCGCAGTCAGAT
Antisense: TTGAAAGCTGGTCTGGTCCTGA

Δ133p53 Outer Sense: CTGAGGTGTAGACGCCAACTCTCTCTAG   750
Antisense: TGTCAGTCTGAGTCAGGCCCTTCTGTC

Inner Sense: GCTAGTGGGTTGCAGGAGGTGCTTACGC
Antisense: CTCACGCCCACGGATCTGA

p65 Sense: TATGACCACACATGACAG   145
Antisense: CTGGATCTGTGAAACTTTGA

β-actin Sense: GTGGGGCGCCCCAGGCACCA   539
Antisense: CTCCTTAATGTCACGCACGATTTC
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pattern is remarkably altered in breast cancer[20], 
kidney cancer[21,22], colorectal cancer[23], ovarian 
malignancy[24-27], leukemia[28], medulloblastoma[29], 
and neuroblastoma[30]. Accumulating evidence has 
indicated that some of these isoforms function as p53 
co-activators (e.g., p53β), while others function as 
its antagonists with oncogenic characteristics (e.g., 
Δ40p53α and Δ133p53α)[31-33].

A few years ago, our research group investigated 
the expression of p53 isoforms in different gastric 
tissues, and we observed a significant increasing trend 
for Δ133p53α expression but the opposite for p53β 
as the tissue progressed from superficial gastritis, 
atrophic gastritis, and para-cancerous lesion to gastric 
carcinoma[12]. As per the Lauren classification, most 
cases of gastric carcinoma belong to the intestinal 
type, gastritis-associated carcinogenesis. In 2015, a 
clear link between H. pylori infection, gastritis, and 
gastric cancerogenesis was demonstrated, indicating 
that Δ133p53 isoform plays an essential role in the 
process[8,9]. These results indicate that changes in 
the cross-talk between inflammatory and apoptotic 
pathways are likely to play an important role in gastric 
cancerogenesis, especially in cases of the intestinal 
type. Previously, the NF-κB pathway was reported to 
be essential in H. pylori-driven chronic gastritis and 
cancerogenesis. We now speculate that the oncogenic 
role of the NF-κB pathway cooperates with alterations 
in the expression patterns of p53 isoforms.

The present experiment was designed to evaluate 
changes in p53 isoforms (Δ133p53 and p53β) and 
their combined biological effect in MKN45 cells under 
an NF-κB-inhibited condition. We confirmed that NF-κB 
was effectively blocked by PDTC treatment in MKN45 
cells, and cellular growth was significantly inhibited in 
a dose-dependent manner. In addition, the inhibitory 
effect of cisplatin was remarkably enhanced in a dose-
dependent manner by co-treatment with PDTC. These 
inhibition results indicate that NF-κB signal blockade is 
a promising strategy in the treatment and prevention 
of intestinal-type gastric cancer.

However, it is important to explore the underlying 
molecular mechanisms further in future studies. In 
the cross-talk between NF-κB and p53 pathways, 
few molecules such as Δ133p53 have very distinct 
and significant functions. In the present study, 
down-regulation of the NF-κB p65 subunit (curbed 
by PDTC alone or in combination with cisplatin) 
correlated with growth inhibition of MKN45 cells and 
Δ133p53 expression. In addition, we found that the 
p53β isoform was not altered by PDTC intervention, 
reinforcing that Δ133p53 is a key molecule that is 
involved in the mediation of cross-talk between the 
NF-κB inflammatory and p53 apoptotic pathways, 
especially in gastritis-associated cancerogenesis. Thus, 
Δ133p53 is a useful marker and candidate target for 
diagnosis, treatment, and prognosis of intestinal-type 
gastric cancer.

level changes were detected (P < 0.01, Figure 2B).

Expression of Δ 133p53 and p53β
RT-PCR analysis results showed that PDTC treatment 
significantly downregulated the expression of Δ133p53 
mRNA in a dose-dependent manner (P < 0.01, Figure 
2C), and inhibitory enhancement was observed 
after co-treatment with cisplatin (P < 0.01, Figure 
2C). However, p53β mRNA remained stable in the 
presence of PDTC (P > 0.05, Figure 2D). It was down-
regulated after cisplatin treatment, and no inhibitory 
enhancement was observed after co-treatment with 
cisplatin and PDTC (P > 0.05, Figure 2D).

Relevancy analysis between p65 and p53 isoforms
Changes in mRNA levels of p65 paralleled those of 
Δ133p53 mRNA in MKN45 cells treated with PDTC 
and/or cisplatin (Figure 3). Pearson linear relevancy 
analysis demonstrated that expression levels of p65 
were positively correlated with those of Δ133p53 (r = 
0.085, P < 0.01). However, there was no relationship 
between the expression levels of p65 and p53β (r = 
0.076, P > 0.05).

DISCUSSION
Over the past two decades, p53 has proven to be a 
tumor-suppressor, but it loses this ability in various 
malignant diseases, such as gastric carcinoma. 
p53 mutations are commonly detected in gastric 
carcinoma, but are seldom clinically significant[13-19]. 
Recently, in the last decade, research focusing on the 
clinical application of p53 isoforms has progressed 
significantly. More than 12 p53 isoforms have been 
reported to date, namely, p53α (the canonical wild-
type p53), p53β, p53γ, Δ40p53α, Δ40p53β, Δ40p53g, 
Δ133p53α, Δ133p53β, Δ133p53γ, Δ160p53α, 
Δ160p53β, and Δ160p53γ. The p53 isoform expression 
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Figure 1  Cellular growth inhibition of pyrrolidine dithiocarbamate alone 
or with Cisplatin on MKN45 cells. PDTC: Pyrrolidine dithiocarbamate.
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In recent years, our research group completed a 
series of experiments to investigate the roles of p53 
isoforms in gastric carcinoma for improved diagnosis 
and pharmacological development and found that 

the change of p53 isoforms is common in gastric 
cancerogenesis[12]. Furthermore, up-regulation of the 
p53β isoform is induced by cisplatin or fluorouracil[34], 
while down-regulation of Δ133p53 is induced by 
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Figure 3  Correlation of p65 and p53 isoforms mRNA expression in MKN45 cells. A: Correlation of p65 and Δ133p53 mRNA expression in MKN45 cells; r = 0.085, 
P < 0.01; B: Correlation of p65 and p53β mRNA expression in MKN45cells. r = 0.076, P > 0.05.
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recombinant mutant human tumor necrosis factor[35], 
indicating that Δ133p53 and p53β isoforms are strong 
targets for further diagnosis and pharmacological 
research. Combined with inferences reported by 
other study groups[8,9], we now realize that Δ133p53 
is an essential factor involved in gastritis-associated 
carcinoma. According to the Lauren classification[36,37], 
intestinal gastric carcinoma is roughly ascribed to 
chronic inflammation, and it develops from multi-
genetic alterations and a multi-step process. Therefore, 
it might be feasible to refine the classification on the 
basis of molecules identified to be essential in the 
cross-talk between NF-κB and p53 pathways. Our 
previous and present results suggest that Δ133p53 is 
one such good candidate for refining gastric carcinoma 
classification. The latent value of these findings is 
that introduction of anti-inflammation agents that 
target these isoforms could enhance the effect of 
chemotherapy and improve the prognosis of intestinal-
type gastric carcinoma. Further research should focus 
on two main aspects: development of a simple method 
to detect these markers and screening for effective 
agents based on this new perspective.

In summary, Δ133p53 (but not p53β) is a requisite 
factor in PDTC-induced inhibition of MKN45 gastric 
cancer cells, and the disturbed cross-talk between p53 
and NF-κB pathways is a hopeful target for further 
diagnosis and pharmaceutical research of intestinal-
type gastric cancer.
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