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ABSTRACT 
 

Background: The p53 mutation is uncommon in EBV-linked gastric carcinoma, 
but its suppression occurs through mechanisms such as USP7 inhibition via 
EBNA1 activity. This study aimed to evaluate the effect of EBNA1 on p53-
inhibiting gene expression and the impact of USP7 inhibition on p53 
suppression.  
Methods: MKN-45 cells were transfected with the EBNA1 plasmid. A stable 
EBNA1 expression cell line was developed through selection based on 
hygromycin B resistance. MDM4, MDM2, SIRT3, HDAC1, PSMD10, USP7, and 
p53 expression were checked using real-time PCR. Also, cells containing 
EBNA1 or control plasmid were treated with GNE-6776, and the expression of 
the interested genes and cell survival were assessed.  
Results: MDM4, MDM2, and PSMD10 were significantly upregulated in the 
MKN-45 cell line following EBNA1 transfection. Morphological changes were 
observed in the cells harboring EBNA1 after 20 days. In the control cells, USP7 
inhibition significantly upregulated the HDAC1, PSMD10, MDM4, and MDM2 
genes after 24 h, but downregulated these genes after four days. In the 
EBNA1-harboring cells, MDM2, MDM4, and PSMD10 genes were significantly 
upregulated after 24 h, and this effect was sustained for all genes except for 
MDM4, even after four days. Furthermore, USP7 inhibition induced apoptosis 
in both cell groups. 
Conclusion: EBNA1 enhances the expression of p53-inhibiting genes. Two 
events—p53 protein overexpression and apoptosis activation—followed  
the suppression of the USP7 protein and provided evidence for its  
possible function. The significance of the EBNA1-USP7 interaction in p53 
suppression warrants additional investigation and possibly reconsideration. 
DOI: 10.52547/ibj.3784 
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INTRODUCTION 

 

pstein–Barr virus, commonly referred to human 

herpesvirus 4, is regarded as an oncogenic 

double-stranded DNA virus (length ~170 kb), 

identified in 8-10% of gastric adenocarcinomas
[1]

. 

Although the infection rate of EBV in individuals over 

30 years of age is 95%, the vast majority of adults 

merely carry the virus until the end of their lives, with 

no risk of malignancy
[2]

. In contrast to certain 

oncogenic viruses like the human papillomavirus, EBV 

genomic components typically do not integrate into the 

host genome
[3]

. EBV episomes have nucleosomal 

structures with capability of replication and viral gene 

expression
[4]

. 

While p53 mutations are uncommon in EBV-linked 

gastric adenocarcinoma tissues, they are frequently 

detected in other kinds of gastric carcinoma
[5]

. Several 

EBV-encoded products have been shown to inhibit the 

activities of p53 as a tumor suppressor during viral 

latency in EBV-associated cancers
[6]

. Various EBV-

encoded products have been implicated in inactivating 

pathways mediated by p53
[7]

. EBNA1 is the only viral 

protein in all EBV latency types
[8]

. This protein, as a 

DNA-binding transcription factor, has regulatory roles 

in the transcription of viral and host promoters
[8]

. 

EBNA1 protein binds to numerous DNA sequences in 

the cellular genome, including the promoters of the 

genes whose transcription is regulated by EBNA1
[9, 10]

. 

USP7 (known as HAUSP) is a deubiquitinating 

enzyme recently discovered as a critical regulator of 

the p53-MDM2 pathway, in which both p53 and 

MDM2 are stabilized by this enzyme
[11]

. It has been 

reported that the EBNA1 protein binds to USP7 with 

high affinity and impairs the interaction of p53 and 

USP7. The p53 continues to be ubiquitinated and 

destroyed by the proteasome after this interaction
[12]

. 

USP7 is also associated with the stability of negative 

p53 regulators, MDM4 and MDM2, showing its 

contradictory function in p53 control
[11,13]

. Inhibition of 

USP7 may kill cancer cells by restoring p53 and 

inducing apoptosis
[13]

. Besides, USP7 inhibitory 

activity reduces MDM2 expression. Indeed, USP7 can 

affect gene expression by regulating transcription 

factors.  

The question of whether the EBNA1 protein is 

involved in viral-associated tumorigenesis has been 

extensively argued. However, growing evidence has 

pointed to the oncogenic activity of EBNA1 and the 

importance of this protein in inhibiting p53 activities 

and decreasing p53 activation
[7]

. The overexpression of 

some p53-inhibiting genes, such as MDM4, MDM2, 

PSMD10 or gankyrin, HDAC1, and SIRT3, whose 

transcription may be regulated by EBNA1, play an 

important role in wild-type p53 suppression. MDM4 

and MDM2 affect p53 by regulating its activity and 

stability
[14]

. PSMD10 decreases cell apoptosis by p53 

degradation
[15]

. HDAC1 and SIRT3 can influence the 

function of p53 by its deacetylation
[16,17]

. This research 

analyzed the mRNA expression of p53-inhibiting 

genes and p53 mRNA/protein in a human gastric 

cancer cell line transfected with EBNA1, based on the 

idea that EBNA1 might affect the promoter of p53-

inhibiting genes. We also examined the impact of 

USP7 inhibition on the expression of p53-inhibiting 

genes and then on p53 in the presence or absence of 

EBNA1 protein. 

 

 

MATERIALS AND METHODS 

 

Cell line, transfection, and selection of transfected 

cells  

MKN-45, an EBV-negative human gastric 

adenocarcinoma cell line with wild-type p53 and no 

pathological single-nucleotide polymorphisms in the 
p53 gene, was purchased from the National Cell Bank 

of the Pasteur Institute of Iran, Tehran. MKN-45 cell 

line was routinely cultured in a medium containing 

80% RPMI1640 and 20% FBS. A total of 6 × 10
4 

cells 

were seeded in a six-well plate and grown for 24 hours. 

Plasmid PCEP4 (Invitrogen, USA) carrying the EBV 

replication origin (OriP) and EBNA1 (strain B95.8) 

was used for stable transfection. As a control, a 

plasmid missing the EBNA1 gene was used. The 

transfection techniques were performed according to 

the manufacturer's guidelines using Lipofectamine 

2000 (Invitrogen). After 24 hours of transfection, 350 

µg/mL of hygromycin B, based on the Invitrogen 

manual (PCEP4, Catalog no. V044-50), was 

supplemented to the cell culture environment for 16 

days to select the transfected cells with stable EBNA1 

expression. 

 

Total RNA extraction and cDNA synthesis 

Total RNA was extracted using an RNA isolation kit 

(Dena Zist, Iran). Spectrophotometry (Nanodrop
TM 

Spectrophotometer, Thermo Scientific, USA( and gel 

electrophoresis were used to assess the quantity and 

quality of the extracted RNA, respectively. Isolated 

RNA (1 µg/µLl from each sample) was converted into 

cDNA with an EasycDNA Synthesis kit (Parstos, Iran) 

following the manufacturer’s instructions. 

 

Primer design and real-time PCR  

Primers were designed based on the exon-exon 

junction and intron spanning methods using primer 

designing software and the NCBI gene database. The 
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sequences of the primers are shown in Table 1. The 

EBNA1 gene expression was confirmed using SYBR 

green-based real-time PCR, and the expression of the 

HDAC-1, SIRT3, PSMD10, p53, MDM2, MDM4, and 

USP7 genes was quantified using the same method. 

The real-time PCR ABI 7500 apparatus (Applied 

Biosystems, Grand Island, New York, United States) 

was used for gene expression evaluation. The beta-

actin gene was utilized as the reference gene
[18]

. Each 

reaction contained 2× Master Mix Green (Ampliqon 

Inc., Denmark), cDNA (each primer at a 10-pmoL 

concentration), and water in a final volume of 15 µL. 

PCR program began with a 15-minute denaturation 

phase at 95 °C, followed by 40 cycles of 95 °C for 15 

seconds and annealing/extension at 62 °C (for the 

SIRT3 gene at 58 °C) for 1 minute. The melting curves 

of all the amplifications were analyzed and then it was 

validated that one target has been amplified in each 

gene test reaction, and no primer dimer was formed. 

By running real-time PCR products on gel 

electrophoresis, the size of the products was confirmed. 

Moreover, standard curves for all genes were drawn to 

verify that all primers bind to and amplify their targets 

efficiently. 

 

Verification of EBNA1 gene expression 

According to the manufacturer’s procedure for 

removing the plasmid contamination, the total RNA 

isolated from the transfected cells was treated with 

RNase-free DNase (Sinaclon, Tehran, Iran). EBNA1 

expression was confirmed using real-time PCR. 

DNase-treated whole RNA was utilized as the negative 

control. 

 

Determination of cell toxicity of GNE-6776 

Two different techniques, PI spectrofluorometry and 

trypan blue exclusion assays, were utilized to evaluate 

cell viability to demonstrate that 15 µM of GNE-6776 

(USP7inhibitor; MedChemExpress, USA) is non-toxic, 

for the MKN-45 cells. In the trypan blue exclusion 

assay, MKN-45 cells were seeded in a 24-well plate  

(1 × 10
5
 cells per well) and incubated for 24 hours. The 

cells were then treated with different concentrations of 

GNE-6776 (15, 30, 50, 70, and 100 µM) for 24 hours. 

Negative control cells were left untreated, while 

positive control cells were generated by treating MKN-

45 with a toxic concentration of dimethyl sulfoxide. 

Trypan blue (0.4%) and MKN-45 cells (1:1) were 

combined, and the vitality of the cells was determined 

using a hemocytometer slide; the assay was performed 

in triplicate. In the second trial, MKN-45 cells were 

seeded in a 96-well plate (1 × 10
4
 cells per well) and 

incubated for 24 hours. MKN-45 cells were incubated 

for further 24 hours following treatment with 30, 50, 

70, or 100 µM of GNE-6776. The positive control cells 

were treated with dimethyl sulfoxide, and the negative 

control ones were left untreated. The test was 

conducted in triplicates. Media lacking cells were 

utilized as blank. Each well received 5 µg of PI reagent 

and was incubated at room temperature for 10 minutes.  

 
 

   Table 1. Primers used for evaluation of the gene expression by relative quantitative real-time PCR 

Gene  Sequences Product size (bp) 

MDM2 5΄-AACCACCTCACAGATTCCA-3΄ 

5΄-GCACCAACAGACTTTAATAACTTC-3΄ 
87 

   

PSMD10 5΄-CTACTAGAACTGACCAGGACA-3΄ 

5΄-GCCGCAATATGAAGAGGAG-3΄ 
145 

   

SIRT3 5΄-ACTCCCATTCTTCTTTCACAAC-3΄ 

5΄-GGATGCCCGACACTCT-3΄ 
176 

   

USP7 5΄-TGGTGGAGCGATTACAAGA-3΄ 

5΄-TCCTCTGCGACTATCTGC-3΄ 
100 

   

Beta-actin[18] 5΄-GCCTTTGCCGATCCGC-3΄ 

5΄-GCCGTAGCCGTTGTCG-3΄ 
90 

   

TP53 5΄-GATAGCGATGGTCTGGC-3΄ 

5΄-CGGCTCATAGGGCACC-3΄ 
117 

   

HDAC1 5΄-GACGGTAGGGACGGGAG-3΄ 

5΄-GGCTTTGTGAGGGCGATAG-3΄ 
203 

   

EBNA1 5΄-GGGTGGTTTGGAAAGCATCG-3΄ 

5΄-CTTACTACCTCCATATACGAACACA-3΄ 
156 

   

MDM4 5΄-GCCTGCCTTGGTGGTT-3΄ 

5΄-CCTAACTGCTCTGATACTGACTC-3΄ 
160 
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Fluorescence intensity was measured with a detection 

microplate reader (FLUOstar Omega, BMG 

LABTECH, Germany) for PI at the excitation and 

emission wavelengths of 544 nm and 622 nm, 

respectively; the assay was performed in triplicate. 

 

USP7 inhibitor treatment 
The total number of 5 × 10

5
 cells, including the 

untransfected, control plasmid transfected, and PCEP4-

transfected cells (selected using hygromycin B within 

20 days), were seeded into a six-well plate separately. 

GNE-6776 (15 µM; MedchemExpress) was used as a 

suppressor rephrase. Cells were collected at two 

different time points (days 1 and 4), and the total RNA 

was isolated to evaluate the effect of USP7 inhibition 

on p53 and p53-inhibiting gene expression. 

 

Pathology staining and immunocytochemistry  

After 20 days of transfection and selection with 

hygromycin B, the transfected cells were collected, and 

EBNA1 expression was validated at the mRNA level 

by real-time PCR in the EBNA1 plasmid-containing 

cells. The morphological alterations were then 

examined using pathological staining. For the p53 

expression test, the semi-adherent cells were collected, 

centrifuged, and fixed in formalin. Slices of paraffin-

embedded cells were cut and then stained using a pre-

diluted primary anti-p53 antibody before evaluation by 

optical microscopy. 

 

Cell viability analysis of EBNA1 harboring and 

negative cells  

In a 12-well plate, MKN-45 cells, including 

untransfected, control plasmid transfected (no EBNA1 

expression), and PCEP4 transfected (stable EBNA1 

expression), were seeded (2 × 10
5
 cells per well). After 

24 hours, each well was treated with 15 µM of GNE-

6776 antagonist and then incubated for another 24 

hours. The cells in each well were then treated with 

AO/PI reagent prior to a 10-minute incubation at room 

temperature. A fluorescent microscope was used to 

assess the outcomes (FLUOstar Omega). 

 

Data analysis 
First, the Ct values of real-time PCR runs were 

equalized using the CtNormalgorithm (http://ctnorm. 

sums.ac.ir)
[19]

. After Ct normalization, the data were 

computed in Microsoft Excel (Microsoft Office 

Professional Plus 2016, Microsoft Corporation, 

Washington, USA). Mann–Whitney U test was used to 

compare the means in GraphPad Prism version 5.0. 

This software was used to calculate the 50% cell 

viability following GNE-6776 treatment. P values 

below 0.05 were considered statistically significant. 

RESULTS 

 

Pathological staining for morphologic examination 

Following the selection of hygromycin B-resistant 

clones, we noticed morphological alterations in 

EBNA1-transfected cells. Comparing the EBNA1 

transfected cells to the control cells revealed some 

morphological differences using an inverted 

microscope (Fig. 1A-1C). Pathological staining 

showed that EBNA1 expression altered the MKN-45 

cell shape compared with the control (plasmid-

transfected) cells (Fig. 1D-1F).  

 

Expression of p53-inhibiting genes following 

EBNA1 transfection 

The expression levels of the seven genes of interest 

(MDM2, MDM4, PSMD10, SIRT3, HDAC1, USP7, 

and p53) were compared between EBNA1-transfected 

and plasmid-transfected cells (Fig. 2A). The mRNA 

expression levels of MDM4 (p = 0.02), MDM2 (p = 

0.028), and PSMD10 (p = 0.02) were significantly 

upregulated in MKN-45 cells transfected with EBNA1 

compared to the plasmid-transfected controls. 

However, the analysis showed no significant changes 

in the mRNA expression of HDAC1 (p = 0.685), SIRT3 
(p = 0.885), and USP7 (p = 0.485) in the EBNA1-

transfected cells compared to the control cells. 

Furthermore, p53 mRNA expression decreased 

insignificantly in the MKN-45 cells transfected with 

EBNA1 (p = 0.057; Fig. 2A). 

 

Effects of USP7 inhibitor on mRNA expression of 

p53-inhibiting genes in EBNA1-transfected cells 

Both of the toxicity assays showed that 15 µM of 

GNE-6776 was nontoxic for MKN-45 cells (Figs. 2B 

and 2C). Thus, EBNA1-harboring cells were treated 

with GNE-6776 at 15-µM final concentration. After 24 

hours, the real-time PCR assay demonstrated that the 

expression levels of all genes except for SIRT3 (p = 

0.1) were greater in the USP7 inhibitor-treated MKN-

45 EBNA1-transfected cells than those in the untreated 

cells. A significant upregulation was observed in the 

expression of MDM4 (p = 0.009), MDM2 (p = 0.009), 

and PSMD10 (p = 0.009), but not that of HDAC1 (p = 

0.257). Furthermore, the expression of p53 (p = 0.6) 

was insignificant in the treated cells (Fig. 3A). After 

four days of treatment of EBNA1-transfected cells with 

GNE-6776, the expression levels of PSMD10 (p = 0.4), 

HDAC-1 (p = 0.1), and MDM2 (p = 0.1) genes were 

not significantly higher than the untreated cells. 

Although the expression of MDM4 (p = 0.009) was 

upregulated after 24 h, it was downregulated after four 

days (p = 0.1). The mRNA expression of p53 was also 

upregulated after four days (p = 0.2; Fig. 3B). 
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Fig.1. Morphological changes of MKN-45 cell lines transfected with EBNA1 and control plasmid. (A) Cell line transfected with 

control plasmid after 20 days; (B and C) abnormal morphology (abnormal cells were indicated by arrows) in the culture of the MKN-

45 cell line transfected with EBNA1 after 20 days; (D) pathological staining of control plasmid-transfected cell after 20 days; (E and F) 

pathological staining of EBNA1 plasmid-harboring cell after 20 days. 
 

 

Effects of USP7 inhibitor on mRNA expression of 

p53-inhibiting genes in the control plasmid-

transfected cell  

To examine the effect of inhibiting the ubiquitination 

activity of USP7 on p53 and its inhibitor gene 

expression, the control plasmid-transfected cells were 

treated with the USP7 inhibitor. Figure 3B indicates 

the upregulated expression of HDAC1 (p = 0.002), 

PSMD10 (p = 0.002), SIRT3 (p = 0.057), MDM4 (p = 

0.002), and MDM2 (p = 0.002) after 24 h, but they 

were downregulated after four days. Thus, mRNA 

expression of p53 was upregulated and downregulated 

after 24 h (p = 0.342) and four days (p = 0.1), 

respectively (Fig. 3A). 

 
Effects of USP7 inhibitor on mRNA expression of 

p53 inhibitor genes in the EBNA1-transfected vs. 

the control plasmid-transfected cells 

Comparing the mRNA expression of p53-inhibiting 

genes between EBNA1-transfected cells and control 

plasmid-transfected cells revealed that PSMD10 (p = 

0.002) and MDM4 (p = 0.002) were significantly 

expressed in the EBNA1-harboring cells after 24 h. 

Expression of HDAC1 (p = 0.002) and SIRT3 (p = 

0.009) was significantly higher in control plasmid-

harboring cells after 24 h than EBNA1-containing 

cells. Nevertheless, after four days, there was no 

discernible difference between EBNA1-containing 

cells and controls at the mRNA expression level of the 

selected genes. Although p53 mRNA expression was 

lower in EBNA1 transfected cells than in the control 

cells, it was nonsignificant (p = 0.1). Therefore, after 

four days, p53 mRNA expression was not significantly 

different between two groups (Fig. 4A). 
 

Immunocytochemistry test for p53 expression 

Immunocytochemical analysis with an optical 

microscope showed positive expression of the p53 

protein in the MKN-45 cells transfected with the 

control plasmid (15%-20%), MKN-45 cells harboring 

EBNA1 (25%), and MKN-45 cells harboring EBNA1 + 

GNE6776 treatment (50%-60%), as depicted in Figures 

2D-2F. 
 

Cell viability analysis of EBNA1-transfected cells 

and control plasmid-transfected cells 

In AO/PI staining, green, yellow, and red 

fluorescence indicate live cells, early apoptosis, and 

late apoptosis (necrosis), respectively. After 24 hours, 

fluorescence microscopy examination revealed an 

increase in yellow cells (early apoptosis) in the GNE-

6776-treated groups. Additionally, the AO/PI assay 

demonstrated that GNE-6776 caused apoptosis in both 

EBNA1 plasmid- and control plasmid-transfected cells. 

However, as shown in Figure 4B, the EBNA1-

transfected cells exhibited a somewhat slower 

progression of apoptosis (fewer yellow cells). 

(A)                               (B)                             (C) 

 (E)                                 (F)                                (G) 
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Fig. 2. Expression of p53-inhibiting genes in MKN-45 cells, and immunocytochemistry (ICC) for p53 and PI/Trypan blue exclusion 

assays. (A) p53-inhibiting genes expression in MKN-45 cell line after transfection with EBNA1 plasmid; (B) Trypan blue exclusion 

assay and (C) PI spectrofluorometry for cell viability assay, showing that 15 µM of GNE-6776 is nontoxic for the MKN-45 cells. ICC 

for p53 in MKN-45 cells transfected with (D) the control plasmid and (E) EBNA1 plasmid; (F) ICC for p53 in MKN-45 cells 

transfected with EBNA1 plasmid and treated with GNE-6776, p53 upregulated in MKN-45 cell-harboring EBNA1 plasmid following 

GNE6776 treatment. 
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Fig. 3. Evaluation of p53-inhibiting genes expression following treatment of EBNA1-positive and -negative cells with GNE-6776 

after 24 hours and after four days by quantitative PCR. (A) The cells harboring EBNAl plasmid were treated with GNE6776 (test) and 

DMSO (control) to evaluate the effect of USP7 inhibition on p53 and p53-inhibiting genes in the presence of EBNA1; (B) effects of 

USP7 inhibitor on mRNA expression of p53-inhibiting genes in the control plasmid-transfected cell. The cells harboring control 

plasmid were treated with GNE6776 (test) and DMSO (control) to evaluate the general effect of USP7 inhibition on p53 and p53-

inhibiting genes.  

 

 

DISCUSSION 

 

Our study indicates that all surveyedp53-inhibiting 

genes, including MDM2, MDM4, HDAC1, SIRT3, and 

PSMD10, were upregulate at the mRNA level in 

MKN-45 EBNA1-transfected cells compared with 

MKN-45 plasmid-transfected control cells. However, 

this upregulation is statistically significant in only three 

of these genes, namely MDM4, MDM2, and PSMD10. 

Moreover, p53 mRNA expression decreased after 

EBNA1 transfection. These results demonstrate an 

association between EBNA1 expression and the 

expression of p53-inhibiting genes in the MKN-45 cell 

line, suggesting p53 suppression following 

upregulation of negative regulators. 

According to our findings, the mRNA level of p53 was 

downregulated in the cells transfected with EBNA1. 

The immunocytochemistry tests revealed that the p53 

protein level is about 5% higher in these cells than in 

the control cells. Similarly, Ribeiro et al.
[20]

 found that 

EBV-associated gastric carcinomas substantially 

reduced the p53 mRNA levels with high p53 protein in 

the IHC tests, and p53 mutations were infrequent in 

EBV-positive gastric carcinomas. One interpretation of 

this event is that the function of p53 protein is likely 

inhibited by the upregulation of some p53-inhibiting 

genes, leading to its accumulation in the cell. Our 

results and Ribeiro et al.’s
[18]

 study showed that EBV 

modulates p53 mRNA expression and its protein 

accumulation, but more research is required to pinpoint 

the precise mechanisms involved.  

Pathological staining reveals that  EBNA1 expression 
 

 

(A) 
 

(B)   

  

 
p = 0.257 p = 0.1 p = 0.6 

  p = 0.2 p = 0.009 

 
 

p = 0.1 

p = 0.009 

 

 

p = 0.1 

 

p = 0.009 

p = 0.4 

 

 

p = 0.1 

p = 0.2 

p = 0.009 

 

 
p = 0.4 

p = 0.002 

 
p = 0.342 

 p = 0.1 

 p = 0.002 

 p = 0.1 

 p = 0.002 

 p = 0.07 

 p = 0.002 

 p = 0.2 
 p = 0.1 

  p = 0.057 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.3
78

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.1

.4
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                             7 / 12

http://dx.doi.org/10.52547/ibj.3784
https://dorl.net/dor/20.1001.1.1028852.2023.27.1.4.2
http://ibj.pasteur.ac.ir/article-1-3784-en.html


Hashemi et al. p53 Suppression by EBV in Gastric Adenocarcinoma 

 

 
Iran. Biomed. J. 27 (1): 34-45 41 

 

Fig. 4. Comparison effect of GNE6776 on the cell harboring EBNA1 plasmid vs. the cell harboring control plasmid and evaluation 

of GNE-6776 treatment on cell viability by AO/PI. (A) Effects of USP7 inhibitor on the cell harboring EBNA1 plasmid and control 

plasmid harboring cell after 24 hours and 4 days; (B) AO/PI test for cell viability after GNE-6776 treatment. The cell harboring control 

plasmid group had higher yellow cells (in early apoptosis) compared to the cell harboring EBNA1 plasmid group following treatment 

with GNE-6776. 
 

 

influences the MKN-45 cell shape. In the same line, 

Wang et al.
[21]

 explored that the EBNA1 protein was 

significantly expressed in NPC tissue samples, linking 

this expression with NPC lymph node metastasis
[21]

. 

They found that morphology of NPC cells and the 

expression of markers for the epithelial-mesenchymal 

transition were both impacted by EBNA1 expression in 

vitro. As a result, the findings of our study and that of 

Wang et al.
[21]

 showed that the EBNA1 protein by 

itself can help cancer progression. We suggest that the 

morphological changes induced by EBNA1 in NPC and 

adenocarcinoma cell lines need more consideration and 

evaluation. 

The results of the current study showed that the 

transcript levels of the histone deacetylase genes 

HDAC1 and SIRT3 have also increased, but these 

changes are not statistically significant. A study found 

that DNMT3a/b/L and a group of HDACs had higher 

expression levels in the EBV-positive cells
[22]

. 

Similarly, Edwards et al.
[23]

 have found that HDAC1 is 

activated in the EBV-positive tumors in AGS-EBV 

malignancies, highlighting the importance of 
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epigenetic regulation during tumor growth. A related 

mechanism is that HDAC1 increases p53 degradation 

by eliminating the acetyl groups
[24]

. We showed that 

the SIRT3 gene is insignificantly upregulated in the 

EBNA1 transfected cells. The function of this gene may 

vary depending on the cell and tumor type; as a result, 

SIRT3 may operate as an oncogene or a tumor 

suppressor
[25]

. Some viruses have evolved p53 

deacetylation mechanisms, including the upregulation 

of SIRTs, which makes p53 inactive, enabling the cell 

to survive and the virus to spread
[26]

. Consequently, 

blocking SIRTs to restore wild-type p53 transcriptional 

activity in tumors that still express normal p53, may be 

a potential therapeutic strategy, especially when 

combine with conventional treatments
[27]

. 

The MDM2 and MDM4 genes are negative p53 

tumor suppressor protein regulators. The MDM4 

protein interacts with p53 and inhibits its action. Both 

MDM2 and MDM4 proteins are overexpressed in a 

range of human cancers. Our research demonstrated 

that EBNA1-transfected cells expressed significantly 

higher MDM2 and MDM4 mRNA levels than the 

control cell lines (especially MDM4). It has also been 

shown that EBV is linked with increased MDM2 

expression
[28]

. Renouf et al.
[29]

 surveyed the effects of 

nutlin-3, a specific inhibitor of the p53-MDM2 

interaction that stabilizes and activates p53, in 

combination with different chemotherapeutic drugs. 

They have reported that nutlin-3 sensitizes EBV-

negative and latency I EBV-positive Burkitt’s 

lymphoma cells to these drugs. They have indicated 

that activating  p53 with MDM2 antagonists has 

distinct apoptotic effects on EBV-positive and EBV-

negative Burkitt’s lymphoma cell lines
[29]

. AlQarni et 

al.
[28] 

have implied that EµEBNA1 tumor cells rely on 

not only c-MYC but also MDM2 for survival, and that 

MDM2 suppression does not result in p53 

overexpression; instead, a decline in E2F1 expression 

is linked to cell death. They have also demonstrated 

that several MDM2 isoforms are elevated in the 

EµEBNA1 tumors
[28]

. The CRISPR screen assay shows 

that MDM2 and MDM4 as p53 inhibitors are required 

for the survival of established lymphoblastoid cell 

lines
[30]

. The p53-MDM4 pathway is crucial for 

reacting to DNA damage and preventing the 

development of cancer
[31]

. MDM4 overexpression has 

been associated with tumor formation and a poorer 

prognosis
[32]

. Based on these findings, we predict that 

EBNA1 may be linked to MDM2 and MDM4 

expression levels, as well as the risk of developing 

gastric adenocarcinoma. 

The PSMD10 gene, which encodes the gankyrin 

protein, is a regulatory component of the 26S 

proteasome. Ubiquitin-dependent protein degradation 

necessitates the presence of 26S proteasome complex. 

The erroneous expression of this gene may play a part 

in the tumorigenesis
[33]

. As a proto-oncoprotein, it 

negatively regulates the tumor suppressors RB1 and 

p53
[33]

. According to our findings, PSMD10 is 

substantially overexpressed after EBNA1 transfection. 

Kashyap et al.
[34] 

exhibited that Helicobacter pylori and 

EBV co-infection increased the aggressiveness of 

gastric cancer via gankyrin upregulation. Enhanced 

gankyrin expression was related to disease 

development and metastasis in a variety of 

malignancies, making it a potential target for cancer 

treatment
[35]

. Therefore, the upregulation of PSMD10 

gene reported in EBV-associated gastric cancer maybe 

associated with the expression of EBNA1 in cancerous 

cells infected with EBV. 

USP7 enzyme deubiquitinates its target proteins. 

USP7 has a perplexing role in regulating p53 activities 

in several ways. USP7 binds to and directly 

deubiquitinates p53 and inhibits its degradation. On the 

other hand, USP7 interacts with MDM2 to improve its 

stability by deleting ubiquitin on MDM2 and 

protecting it from proteasome destruction
[36]

. MDM2 

has a higher affinity for USP7
[37]

. Although EBNA1 

binds to USP7, neither EBNA1 turnover nor cell-

surface expression is influenced by this interaction
[38]

. 

It has been observed that p53 and EBNA1 have similar 

binding sites on USP7 and effectively compete for 

USP7 binding, resulting in decreased p53 stability and 

protection against apoptosis
[38]

. In contrast, according 

to certain research, specific USP7 inhibition causes 

cancer cell death via p53-dependent mechanism
[39]

. 

Our data indicated that USP7 increases in cells 

transfected with EBNA1. Wang et al.
[39] 

discovered that 

USP7 directly interacted with PD-L1 and maintained 

it. Also, deleting USP7 made cancer cells more 

vulnerable to T cell death, both in vitro and in vivo. In 

addition, USP7 inhibitors suppressed the development 

of gastric cancer cells in vitro and in vivo via 

stabilizing p53
[39]

. 

In the second phase of the research, we used GNE-

6776 to survey the effects of USP7 inhibition on the 

EBNA1 plasmid and control plasmid-transfected cells. 

All p53-inhibiting genes (HDAC1, SIRT3, PSMD10, 

MDM2, and MDM4) examined in our study were 

upregulated after 24 hours in the EBNA1-negative 

MKN-45 cell line (four genes including HDAC1, 

MDM2, MDM4, and PSMD10 to a significant degree), 

but they were not upregulated significantly after four 

days. Following 24 hours of treatment with GNE-6776 

in the EBNA1-transfected MKN-45 cell line, the 

MDM2, HDAC1, and PSMD10 expression levels 

increased, but after four days, their expression did not 

raise significantly. Furthermore, after being treated 
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with GNE-6776, the EBNA1-plasmid transfected cells 

had higher mRNA levels of MDM2 and PSMD10 than 

the control plasmid cells. In the cells harboring the 

control plasmid, HDAC1 and SIRT3 had greater 

mRNA levels than EBNA1 plasmid-harboring cells 

after GNE-6776 treatment. After four days, there was 

no significant change between two cell groups. The 

AO/PI assay demonstrated that GNE-6776 promotes 

apoptosis in both EBNA1 and control plasmid-

transfected cells. However, the EBNA1-transfected 

cells exhibited lower apoptosis progression based on 

the percentage of yellow cells in each field under the 

fluorescence microscope. Immunocytochemistry of 

p53 in the EBNA1-transfected cells treated with GNE-

6776 revealed that after suppressing USP7, p53 levels 

increased by 50-60%. Thus, based on our results, 

suppression of USP7 by GNE6776 is associated with 

increases in p53 expression at the protein level and 

apoptosis induction in the EBNA1 plasmid/control 

plasmid-transfected cells carrying the p53 wild type. 

Consequently, after four days of USP7 inhibition, we 

found no statistically significant increase in the 

expression of p53-inhibiting genes at the mRNA level; 

however, we did find apoptosis and a rise in or stability 

of p53 at the protein level. Although we identified 

several differentially expressed mRNAs between 

transfected and un-transfected cell lines, some 

limitations are present. In follow-up research, the 

identified proteins should be validated using additional 

methods like Western blotting. Moreover, the 

unavailability of other gastric adenocarcinoma cell 

lines for further investigation and comparison with the 

results in the MKN-45 cell line is another limitation of 

the study. 

In conclusion, our research indicates that the EBNA1 

protein is likely related to the upregulation of some 

p53-inhibiting genes in the EBNA1-harboring cells at 

the mRNA level, and upregulation of p53-inhibiting 

gene collection may be a key mechanism in EBV-

associated gastric adenocarcinoma (latency type I). 

Therefore, we recommend performing more 

investigations on other cell lines or clinical samples 

(EBV-associated malignancy) to examine other p53-

inhibiting/inducing genes at the mRNA and protein 

levels, which will provide unique insights into the 

biological activities of EBNA1 in carcinogenesis. 

Furthermore, our results imply that additional research 

is necessary to fully understand the role that EBNA1-

USP7 interaction plays in the p53 suppression in 

gastric cancer, and that it should also be given another 

look. 

 

 

 

DECLARATIONS 

 

Acknowledgments 

The present study was extracted from a Ph.D. thesis 

written by Seyed Mohammad Ali Hashemi.  

 

Ethical statement 
Not applicable. 

 

Data availability  

The analyzed data sets generated during the study are 

available from the corresponding author on reasonable 

request. 

 

Author contributions 

SMAH: study concept, bench work, data analysis, 

and manuscript drafting; AM: study concept, scientific 

advice, and critical revision of the manuscript; SYH: 

study concept and scientific advice, and critical 

revision of the manuscript; SMHRN: study concept 

and critical revision of the manuscript; TB: scientific 

advice; ZF: scientific advice and critical revision of the 

manuscript; SJS: study concept and critical revision of 

the manuscript; AT: study concept, scientific advice, 

and critical revision of the manuscript. All authors 

contributed to the revision of the manuscript and 

approved the final manuscript. 
 

Conflict of interest 

None declared. 

 

Funding/support 

The present study was financially supported by 

Golestan University of Medical Sciences, Gorgan, Iran 

(no.111611; IR.GOUMS.REC.1400.130). 

 

 

REFERENCES 
 

1. Young LS, Yap LF, Murray PG. Epstein–Barr virus: 

more than 50 years old and still providing surprises. 

Nature reviews cancer 2016; 16(12): 789-802. 

2. Worth AJ, Houldcroft CJ, Booth C. Severe Epstein–Barr 

virus infection in primary immunodeficiency and the 

normal host. British journal of haematology 2016; 

175(4): 559-576. 

3. Lindner SE, Sugden B. The plasmid replicon of 

Epstein–Barr virus: mechanistic insights into efficient, 

licensed, extrachromosomal replication in human cells. 

Plasmid 2007; 58(1): 1-12. 

4. Buschle A, Hammerschmidt W. Epigenetic lifestyle of 

Epstein-Barr virus. in Seminars in immunopathology 

2020; 42(2): 131-142. 

5. Bass AJ. Comprehensive molecular characterization of 

gastric adenocarcinoma. Nature 2014; 513(7517): 202. 

6. Cao Y, Xie L, Shi F, Tang M, Li Y, Hu J, Zhao, Zhao L, 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.3
78

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.1

.4
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                            10 / 12

http://dx.doi.org/10.52547/ibj.3784
https://dorl.net/dor/20.1001.1.1028852.2023.27.1.4.2
http://ibj.pasteur.ac.ir/article-1-3784-en.html


p53 Suppression by EBV in Gastric Adenocarcinoma Hashemi et al. 

 

 
44 Iran. Biomed. J. 27 (1): 34-45 

 

Yu X, Luo X, Liao W, Bode AM. Targeting the 

signaling in Epstein–Barr virus-associated diseases: 

mechanism, regulation, and clinical study. Signal 

transduction and targeted therapy 2021; 6(1): 1-33. 

7. Chatterjee K, Das P, Roy Chattopadhyay N, Mal S, 

Choudhuri T. The interplay between Epstein-Bar virus 

(EBV) with the p53 and its homologs during EBV 

associated malignancies. Heliyon 2019; 5(11): e02624. 

8. Jiang L, Xie C, Lok Lung H, Wai Lo K, Law GL, Mak 

NK, Wong KL. EBNA1-targeted inhibitors: Novel 

approaches for the treatment of Epstein-Barr virus-

associated cancers. Theranostics 2018; 8(19): 5307. 

9. Wood V, O'Neil J D, Wei W, Stewart S E, Dawson C 

W, Young L S. Epstein–Barr virus-encoded EBNA1 

regulates cellular gene transcription and modulates the 

STAT1 and TGF β signaling pathways. Oncogene 2007; 

26(28): 4135-4147. 

10. Sompallae R, Callegari S, Akbari Kamranvar S, 

Masucci MG. Transcription profiling of Epstein-Barr 

virus nuclear antigen (EBNA)-1 expressing cells 

suggests targeting of chromatin remodeling complexes. 

PloS one 2010; 5(8): e12052. 

11. Qi SM, Cheng G, Cheng XD, Xu Z, Xu B, Zhang WD, 

Qin JJ. Targeting USP7-mediated deubiquitination of 

MDM2/MDMX-p53 pathway for cancer therapy: are we 

there yet? Frontiers in cell and developmental biology 

2020; 8: 233. 

12. Colland F, Formstecher E, Jacq X, Reverdy C, 

Planquette C, Conrath S, Trouplin V, Bianchi J, Aushev 

VN, Camonis J, Calabrese A, Borg-Capra K, Sippl W, 

Collura V, Boissy G, Rain JC, Guedat P, Delansorne R, 

Daviet L. Small-molecule inhibitor of USP7/HAUSP 

ubiquitin protease stabilizes and activates p53 in 

cellsInhibitor of HAUSP/USP7 Deubiquitinating 

Activity. Molecular cancer therapeutics 2009; 8(8): 

2286-2295. 

13. Schauer NJ, Liu X, Magin RS, Doherty LM, Cheung 

Chan W, Ficarro SB, Hu W, Roberts RM, Iacob RE, 

Stolte B, Giacomelli AO, Perera S, McKay K, Boswell 

SA, Weisberg EL, Ray A, Chauhan D, Dhe-Paganon S, 

Anderson KS, Griffin JD, Li J, Hahn WC, Sorger PK, 

Engen JR, Stegmaier K, Marto JA, Buhrlage SJ. 

Selective USP7 inhibition elicits cancer cell killing 

through a p53-dependent mechanism. Scientific reports 

2020; 10(1): 1-15. 

14. Toledo F, Wahl GM. MDM2 and MDM4: p53 

regulators as targets in anticancer therapy. The 

international journal of biochemistry and cell biology 

2007; 39(7-8): 1476-1482. 

15. Kashyap D, Varshney N, Singh Parmar H, Chandra Jha 

H. Gankyrin: At the crossroads of cancer diagnosis, 

disease prognosis, and development of efficient cancer 

therapeutics. Advances in cancer biology-metastasis 

2021; 4: 100023. 

16. Luo J, Su F, Chen D, Shiloh A, Gu W. Deacetylation of 

p53 modulates its effect on cell growth and apoptosis. 

Nature 2000; 408(6810): 377-381. 

17. Chen J, Wang A, Chen Q. SirT3 and p53 deacetylation 

in aging and cancer. Journal of cellular physiology 

2017; 232(9): 2308-2311. 

18. Dowran R, Sarvari J, Moattari A, Fattahi MR, Ramezani 

A, Hosseini SY. Analysis of TLR7, SOCS1 and ISG15 

immune genes expression in the peripheral blood of 

responder and non-responder patients with chronic 

Hepatitis C. Gastroenterology and hepatology from bed 

to bench 2017; 10(4): 272. 

19. Ramezani A, CtNorm: Real time PCR cycle of threshold 

(Ct) normalization algorithm. Journal of 

microbiological methods 2021; 187: 106267. 

20. Ribeiro J, Malta M, Galaghar A, Silva F, Pedro Afonso 

L, Medeiros R, Sousa H. P53 deregulation in epstein-

barr virus-associated gastric cancer. Cancer letter 2017. 

404: 37-43. 

21. Wang L, Tian WD, Xu X, Nie B, Lu J, Liu X, Zhang B, 

Dong Q, Sunwoo GB, Li G, Li XP. Epstein‐Barr virus 

nuclear antigen 1 (EBNA1) protein induction of 

epithelial‐mesenchymal transition in nasopharyngeal 

carcinoma cells. Cancer 2014; 120(3): 363-372. 

22. Saha, A., Jha HC, Upadhyay SK, Robertson ES. 

Epigenetic silencing of tumor suppressor genes during 

in vitro Epstein–Barr virus infection. Proceedings of the 

national academy of sciences 2015; 112(37): E5199-

E5207. 

23. Edwards, RH, Dekroon R, Raab-Traub N. Alterations in 

cellular expression in EBV infected epithelial cell lines 

and tumors. PLoS pathogens 2019; 15(10): e1008071. 

24. Ito A, Kawaguchi Y, Lai CH, Kovacs JJ, Higashimoto 

Y, Appella E, Yao TP. MDM2–HDAC1‐mediated 

deacetylation of p53 is required for its degradation. The 

EMBO journal 2002; 21(22): 6236-6245. 

25. Torrens-Mas M, Oliver J, Roca P, Sastre-Serra J. 

SIRT3: oncogene and tumor suppressor in cancer. 

Cancers 2017; 9(7): 90. 

26. Yang M, Peng Y, Liu W, Zhou M, Meng Q, Yuan C. 

Sirtuin 2 expression suppresses oxidative stress and 

senescence of nucleus pulposus cells through inhibition 

of the p53/p21 pathway. Biochemical and biophysical 

research communications 2019; 513(3): 616-622. 

27. Botta G, De Santis LP, Saladino R. Current advances in 

the synthesis and antitumoral activity of SIRT1-2 

inhibitors by modulation of p53 and pro-apoptotic 

proteins. Current medicinal chemistry 2012; 19(34): 

5871-5884. 

28. AlQarni S, Al-Sheikh Y, Campbell D, Drotar M, 

Hannigan A, Boyle S, Herzyk P, Kossenkov A, 

Armfield K, Jamieson L, Bailo M, Lieberman PM, 

Tsimbouri P, Wilson JB. Lymphomas driven by 

Epstein–Barr virus nuclear antigen-1 (EBNA1) are 

dependant upon Mdm2. Oncogene 2018; 37(29): 3998-

4012. 

29. Renouf B, Hollville E, Pujals A, Tétaud C, Garibal J, 

Wiels J. Activation of p53 by MDM2 antagonists has 

differential apoptotic effects on Epstein–Barr virus 

(EBV)-positive and EBV-negative Burkitt's lymphoma 

cells. Leukemia 2009; 23(9): 1557-1563. 

30. Ma Y, Walsh MJ, Bernhardt K, Ashbaugh CW, Trudeau 

SJ, Ashbaugh IY, Jiang S, Jiang C, Zhao B, Root DE, 

Doench JG, Gewurz BE. CRISPR/Cas9 screens reveal 

Epstein-Barr virus-transformed B cell host dependency 

factors. Cell host and microbe 2017; 21(5): 580-591. e7. 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.3
78

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.1

.4
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                            11 / 12

http://dx.doi.org/10.52547/ibj.3784
https://dorl.net/dor/20.1001.1.1028852.2023.27.1.4.2
http://ibj.pasteur.ac.ir/article-1-3784-en.html


Hashemi et al. p53 Suppression by EBV in Gastric Adenocarcinoma 

 

 
Iran. Biomed. J. 27 (1): 34-45 45 

 

31. Cheng Q, Chen J. Mechanism of p53 stabilization by 

ATM after DNA damage. Cell cycle 2010; 9(3): 472-

478. 

32. Zhang X, Yamamoto Y, Wang X, Sato M, Imanishi M, 

Sugaya A, Hirose M, Endo S, Moriwaki T, Yamato K, 

Hyodo I. MDM4 as a prognostic factor for patients with 

gastric cancer with low expression of p53. Anticancer 

research 2021; 41(3): 1475-1483. 

33. Dawson S, Higashitsuji H, Wilkinson AJ, Fujita J, John 

Mayer R. Gankyrin: a new oncoprotein and regulator of 

pRb and p53. Trends in cell biology 2006; 16(5): 229-

233. 

34. Kashyap D, Baral B, Jakhmola S, Kumar Singh A, 

Chandra Jha H. Helicobacter pylori and Epstein-Barr 

virus coinfection stimulates the aggressiveness in gastric 

cancer through the regulation of gankyrin. mSphere 

2020; 6(5): e0075121. 

35. Li H, Zhang J, Zhen C, Yang B, Feng L. Gankyrin as a 

potential target for tumor therapy: evidence and 

perspectives. American journal of translational research 

2018; 10(7): 1949. 

36. Ma J, Martin JD, Xue Y, Lor LA, Kennedy-Wilson KM, 

Sinnamon RH, Ho TF, Zhang G, Schwartz B, Tummino 

PJ, Lai Z. C-terminal region of USP7/HAUSP is critical 

for deubiquitination activity and contains a second 

mdm2/p53 binding site. Archives of biochemistry and 

biophysics 2010; 503(2): 207-212. 

37. Hu M, Gu L, Li M, Jeffrey PD, Gu W, Shi Y. Structural 

basis of competitive recognition of p53 and MDM2 by 

HAUSP/USP7: implications for the regulation of the 

p53–MDM2 pathway. PLoS biology 2006; 4(2): e27. 

38. Saridakis V,  Sheng Y, Sarkari F, Holowaty MN, Shire 

K, Nguyen T, Zhang RG, Liao J, Lee W, Edwards AM, 

Arrowsmith CH, Frappier L. Structure of the p53 

binding domain of HAUSP/USP7 bound to Epstein-Barr 

nuclear antigen 1: implications for EBV-mediated 

immortalization. Molecular cell 2005; 18(1): 25-36. 

39. Wang Z, Kang W, Li O, Qi F, Wang J, You Y, He P, 

Suo Z, Zheng Y, Liu HM. Abrogation of USP7 is an 

alternative strategy to downregulate PD-L1 and sensitize 

gastric cancer cells to T cells killing. Acta 

pharmaceutica sinica B 2021; 11(3): 694-707. 

 

 

 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.3
78

4 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
3.

27
.1

.4
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://dx.doi.org/10.52547/ibj.3784
https://dorl.net/dor/20.1001.1.1028852.2023.27.1.4.2
http://ibj.pasteur.ac.ir/article-1-3784-en.html
http://www.tcpdf.org

