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Abstract

Background: Suppression of p53 is an important mechanism in Epstein-Barr virus associate-tumors and
described as EBNA1-USP7 which is a key axis in p53 suppression. Thus, in this study, we aimed to evaluate
the function of EBNA1 on the expression of p53-inhibiting genes including HDAC-1, MDM2, MDM4, Sirt-
3, and PSMD10 and the influence of USP7 inhibition using GNE-6776 on p53 at protei/mRNA level.
Methods: The electroporation method was used to transfect the BL28 cell line with EBNAL. Cells with
stable EBNA1 expression were selected by Hygromycin B treatment. The expression of seven genes,
including PSMD10, HDAC-1, USP7, MDM2, P53, Sirt-3, and MDM4, was evaluated using a real-time PCR
assay. For evaluating the effects of USP7 inhibition, the cells were treated with GNE-6776; after 24 hours
and 4 days, the cells were collected and again expression of interest genes was evaluated.

Results: MDM2 (P=0.028), MDM4 (P=0.028), USP7 (P=0.028), and HDAC1 (P=0.015) all showed
significantly higher expression in EBNA1-harboring cells compared to control plasmid transfected cells,
while p53 mMRNA expression was only marginally downregulated in EBNAL harboring cells (P=0.685).
Four-day after treatment, none of the studied genes was significantly changed. Also, in the first 24-hour after
treatment, MRNA expression of p53 was downregulated (P=0.685), but after 4 days it was upregulated
(P=0.7) insignificantly.

Conclusions: It seems that EBNAL could strongly upregulate p53-inhibiting genes including HDACL,
MDM2, MDM4, and USP7. Moreover, it appears that the effects of USP7 suppression on p53 at
protein/mRNA level depend on the cell nature; however, further research is needed.
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Introduction

The Epstein-Barr virus (EBV) was the first
recognized human virus associated with
human cancer (1). The EBV is a member of the
Herpesviridae family, subfamily
Gammaherpesvirinae, and genus
Lymphocryptovirus. The link between Burkitt

Lymphoma (BL) and EBV infection has been
frequently recognized (2). BL is an aggressive
non-Hodgkin’s lymphoma (NHL) that affects
B cells, with EBV infection accounting for
95% of endemic BL cases (3). In BL, EBV
may initially induce proliferation of B cells
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resulting in oncogene activation (e.g., c-myc in
BL) and chromosomal translocation (4).

Different EBV-encoded products during
viral latency may relate to oncogenesis process
in EBV-associated malignancies (5). Epstein-
Barr virus nuclear antigen 1 (EBNA-1) is one
of them and is present in all EBV-associated
malignancies (6); it is also the only viral
protein expressed in latency type I, such as BL
(7). EBNAL binds to the host and viral DNA
and works as a transcriptional regulator of both
host and viral promoter (6) as well as episome
replication and maintenance in host cells (7).

A de-ubiquitin enzyme called ubiquitin-
specific protease 7 (USP7) is crucial for
releasing ubiquitin  from its substrates,
including the tumor suppressor p53 (8,9).
Numerous reports have revealed that USP7
paradoxically controls the actions of p53 (10).
According to certain research, specific USP7
inhibition causes cancer cell death through a
p53-dependent mechanism (11,12). On the
other hand, it's been reported that EBNA1
interacts with USP7 and effectively breaks
down the interaction between p53 and USP7,
leading to the degradation of p53 (13).

In cancers harboring the wild-type p53 gene,
disruption of p53 at expression or function
levels contributes to the progression of cancer,
and it was found that in some BL cells
harboring a wild-type p53 gene, the function of
p53 protein was compromised by the
overexpression of Mouse double minute 2
homolog (MDM2) (14-16). Additionally, p53
gene mutations are rare in EBV-associated
gastric ~ cancer  tissues  (17).  Thus,
overexpression of some p53-inhibiting genes
such as Histone deacetylases1(HDAC1), Mouse
double minute 2(MDM2), MDM4, Sirtuin
3(SIRT3), and proteasome 26S subunit, non-
ATPase 10 (PSMD10) might be an important
way in suppression of wild-type p53.

HDAC1 deacetylates p53 and affects its
function on cell development and apoptosis as
a class | histone deacetylase (18). MDM2
protein (also known as HDM2 in humans) has
been discovered to bind and inhibit p53 (19).
MDM4 is a homolog of MDM2 (20). Like
MDM2, MDM4 is a crucial p53 negative

regulator (21). In cancer, SIRT3 has the ability
to function as both an oncogene and a tumor
suppressor, controlling cell death by focusing
on a variety of important modulators and their
associated pathways (22). SIRT3 has the
potential to deacetylate p53 as well (23).
PSMD10 (or Gankyrin) inhibits apoptosis by
destroying p53 and, consequently, p53-
dependent gene transcription (24-26).

We therefore sought to assess the
expression of p53-inhibiting genes such as
HDAC-1, MDM2, MDM4, SIRT3, and
PSMD10 in BL28-harboring EBNA1 as well as
the impact of USP7 inhibition using GNE-
6776 on p53 suppression.

Materials and Methods

Cell culture, electroporation transfection, and
clonal selection by hygromycin B

The BL28 cell line that harbors p53 wild type
and is negative for EBV was obtained from the
Pasteur Institute of Iran's Cell Bank. PCEP4
plasmid (Invitrogen, USA) harboring EBNA1
gene (strain B95.8) and EBV replication origin
(OriP), as well as a control plasmid, were
transfected into BL28 cells. The transfection
was carried out using the electroporation
technique (Gene Pulser Electro protocols for
mammalian and suspension cell). After 24
hours, Hygromycin B (Sigma Aldrich,
Germany) (350 pg/mL) was added to the cell
culture for 16 days to select the transfected
cells with stable EBNA1 expression.

Quantitative reverse transcription PCR (qRT-
PCR) assay and validation of EBNA1 expression
Total RNA was extracted from BL28 cell
culture, using an RNA Isolation Kit (Dena
Zist, Mashhad, Iran). The EasycDNA
Synthesis Kit (Parstos, Mashhad, Iran) was
used for RT-PCR, and 1000 ng/uL of total
RNA from each specimen was employed. To
remove PCEP4 plasmid contamination, total
RNA from BL28 harboring EBNAl was
treated with RNase-free DNase Kit (Sinaclon,
Tehran, Iran). We synthesized cDNA and used
Real-time PCR to confirm that EBNAL1 was
expressed. Additionally, DNase-treated total
RNA was used as a negative control.
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gRT-PCR based on SYBR green |
fluorescence was used to assess the expression
of 7 genes including HDAC-1, MDM2,
MDM4, USP7, Sirt-3, P53, and PSMD10. For
the gene expression assay, the beta-actin gene
was used as a reference gene (13). Each
mixture with 15 pl final volume included 7.5
uL of 2x SYBR Green Master Mix (Ampligon
Inc., Denmark), 4.7 of water, 0.4 pL of each

unique primer pair (Table 1), and 2 pL of
cDNA. Next, the gRT-PCR was carried out on
an ABI 7500 instrument (Applied Biosystems,
Grand Island, NY, USA), using the following
thermal cycling procedure: initial denaturation
for 15 min at 95 °C, followed by 40 cycles of
15-sec denaturation at 95 °C,
annealing/extension at 62 °C (for SIRT3 gene
at 58 °C) for 1 min.

Table 1. The sequences of primers used in Real-time PCR test.

Gene name

Sequences

Product Size

(bp)

5 -GATAGCGATGGTCTGGC3'

TP53 5"-CGGCTCATAGGGCACC-3’ 117

SIRT3 5 -ACTCCCATTCTTCTTTCACAAC-3’ 6
5'-GGATGCCCGACACTCT-3’

. 5 TGGTGGAGCGATTACAAGA-3’ 100
5"-TCCTCTGCGACTATCTGC-3’

CBNAL 5 -GGGTGGTTTGGAAAGCATCG3’ 155
5"-CTTACTACCTCCATATACGAACACA-3"
5 -CTACTAGAACTGACCAGGACA-3’

PSMD10 5'-GCCGCAATATGAAGAGGAG-3’ 145

Mo 5-AACCACCTCACAGATTCCA 3’ -
5'-GCACCAACAGACTTTAATAACTTC-3’
5-GCCTGCCTTGGTGGTT-3’

MDM4 5"-CCTAACTGCTCTGATACTGACTC-3’ 160
5"-GACGGTAGGGACGGGAG-3’

HDAC1 5'-GGCTTTGTGAGGGCGATAG-3’ 203

cetaactin(@s) 5 -GCCTTTGCCGATCCGC-3 %

5'-GCCGTAGCCGTTGTCG-3’

Morphological evaluation and
immunocytochemistry analysis

BL28 cells were harvested after 20 days of
transfection with EBNA1l and control
plasmids, and pathological staining was used
to analyze the morphological changes. In
addition, immunocytochemistry staining was
performed, using kit (Samatashkhis, Tehran,
Iran), according to the manufacturer’s
instruction.

GNE-6776 toxicity evaluation using trypan blue
exclusion test and propidium iodide
spectrofluorometric assay

According to the manufacturer’s instructions,
GNE-6776 suppresses both endogenous and
recombinant cellular USP7 at a 15 pM
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concentration. We performed two
independent tests including Pl
spectrofluorometry and trypan blue exclusion
test to confirm that GNE-6776 at a 15 pM
concentration is not toxic and does not induce
necrosis instead of apoptosis in BL28 cells as
cell death, it is known necrosis causes bias in
p53-dependent cell death evaluation (14).

USP?7 inhibitor treatment

For evaluating the effects of USP7 inhibition
on p53, 5x10° cells of EBNA1-transfected
cells, control plasmid and non-transfected
cells were seeded into 6-well plates,
separately. After 24 hours, the GNE-6776
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(MedChemExpress, USA), as USP7 inhibitor
with 15 uM final concentration, was utilized.
Finally, the cells were collected at two
different time points (1 and 4 days later).

Acridine orange and propidium iodide staining for
cell viability analysis following GNE-6776
treatment

In a 12-well plate, 2 x 10° cells of the EBNA1
transfected, control plasmid, and non-
transfected cells were seeded into 6-well plate
separately per well. After 24 hours, each well
was treated with GNE6776 in 15 uM final
concentration and incubated for another 24
hours. Finally, the cells in each well received
5 pug of acridine orange/propidium iodide
(AO/PI) reagent, and the cells were incubated
for 10 minutes at room temperature (RT). For
evaluating the results, an invert fluorescence
microscope (FLUOstar Omega, BMG
LABTECH), Germany, was used.

Data analysis

The CtNorm technique was used to normalize
all Ct values acquired throughout the gRT-
PCR test (the CtNormsoftware is available
online at http://ctnorm.sums.ac.ir/). In
Microsoft Excel, the normalized values were
then computed (224¢T). The Mann-Whitney
U test was used to compare the means of
groups using the GraphPad Prism version 5.0
software. Finally, a statistically significant
difference was defined as a P value of less
than 0.05.

Results

The p53-inhibiting genes expression in BL28 cell
harboring EBNAL plasmid

The gRT-PCR assay showed that the
expression of the three genes of interest
including MDM2 (P=0.028), MDM4
(P=0.028), and HDAC1 (P=0.015) was

significantly higher in EBNA1-harboring cells
than the control plasmid transfected cells
(Fig. 1). Although the mRNA expression
levels of SIRT3 (P=0.342) and PSMD10
(P=0.9) were upregulated in the EBNAL-
harboring cell compared with control plasmid
transfected cell, these upregulations were not
statistically significant. mMRNA expression of
USP7 (P=0.028) in EBNA1-transfected cells
was significantly upregulated compared with
control cells. mRNA expression level of p53
was downregulated insignificantly in EBNA1-
harboring cell compared with the control cells
(P=0.685) (Fig. 1).

Altered expression of p53-inhibiting genes at
MRNA level following GNE6776 treatment
Analysis of mRNA expression levels after 24
hours from GNEG6776 treatment revealed that
the expression levels of all genes in the
EBNAL-harboring cell were higher than the
untreated EBNAZL-harboring cell that only
MDM2 mRNA expression was significant
(Fig. 2A). Also, after 24 hours, the mRNA
expression of p53 (P=0.685) in the treated
EBNA1-harboring cells was lower than the
untreated EBNA1-harboring cells (Fig. 2A).
After 4 days, in the EBNA1-harboring cell that
were treated with GNE6776, the expression of
MDM2 (P=0.1), MDM4 (P=0.7), PSMD10
(P=0.375), and SIRT3 (P=0.76) was higher
than untreated the EBNAl-tranfected cells
although they were not statistically significant.
p53 MRNA expression was upregulated after
four days insignificantly (P=0.7) (Fig. 2A).
Alteration expression of p53-inhibiting genes
at mRNA level in the control plasmid
transfected cell following GNEG6776 treatment
and the EBNAL harboring cell vs. control
plasmid transfected cell following GNE6776
treatment were shown in Figures 2B and 3,
respectively.
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Fig. 1. Thep53 inhibitor genes expression and toxicity assays of GNE6776: A) The p53 inhibitor genes expression in BL28 cell
harboring EBNA1 plasmid; B) Toxicity evaluation using trypan blue exclusion test; C) Propidium iodide spectrofluorometric assay.
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Fig. 2. Thep53 inhibitor genes expression: A) Expression of p53 inhibitor genes at mMRNA level in EBNAL harboring cell
following GNEG6776 treatment; B) Expression of p53 inhibitor genes at mRNA level in control plasmid harboring cell
following GNEG6776 treatment.
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Fig. 3. Effect of GNE6776 treatment on EBNAL harboring cell vs. the control plasmid transfected cell and apoptosis
analysis: A) Effect of GNE6776 treatment on the EBNAL-harboring cell versus the control plasmid transfected cell; B)
Acridine orange and Propidium iodide staining for cell apoptosis analysis after GNE-6776 treatment.

Morphologic examination and
immunocytochemistry assay for p53 expression
After selecting hygromycin B-resistant
clones, no pathological changes were seen in
the morphology of the EBNAL-transfected
cells. Moreover, immunocytochemistry test
showed that p53 expression in the EBNA1-
transfected cell, EBNAL1 transfected cell+
GNEG6776, and control plasmid transfected
cell were 10-15%, 20-25% and 10-15%,
respectively.
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Acridine orange and propidium iodide staining for
cell apoptosis analysis after GNE-6776 treatment
In acridine orange and propidium iodide
staining, each fluorescence, including red,
yellow, and green, indicates late apoptosis
(necrosis), early apoptosis, and live cells,
respectively. After 24 hours, we did not observe
any sign of apoptosis in the cells treated with
GNE-6776. After GNE-6776 treatment,
apoptosis was not seen in both control plasmid
and EBNA1plasmid transfected cells.
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Discussion

Based on our findings, the expression of
HDACL1 gene increased significantly in the
EBNA1-expressing BL28 cells compared to the
control plasmid transfected cell. HDACs are
enzymes that remove the acetyl groups from
non-histone and histone proteins and are
important regulators of chromatin architecture
and gene expression (27). The acetylation of
p53 modulates its transcriptional activity,
which is important for the elimination of cancer
cells (28). Itis also involved in the regulation of
autophagy and apoptosis, among other things
(28). HDACL1 overexpression has been found in
the EBV-positive gastric adenocarcinoma cell
line, and it may have a role in epigenetic control
during tumor development (29). In AGS-EBV
cell line, HDAC1 was discovered to be an EBV-
specific upstream regulator, indicating the
change to epigenetic regulation during tumor
development (29). Accordingly, EBV-EBNA1
might be involved in BL pathogenesis by
increasing the expression of HDACL, resulting
in deacetylation of p53 gene that might decrease
its expression and inhibit apoptosis of the
infected cells.

In the present study, MDM2 mRNA
expression was significantly upregulated in the
EBNAL- harboring cells in comparison with
control plasmid transfected cells. MDM2 has
two key mechanisms for inhibiting the p53
activation. It may bind to p53's transactivation
domain, preventing it from causing
transcription of its targets, and it can also
operate as an E3 ubiquitin ligase, reducing the
capacity of p53 to induce transcription of its
targets (30, 31). AlQarni et al. reported that
some MDM2 isoforms overexpressed in the
EuEBNAL transgenic mice tumor cells, and
expression of MDM2 was related to EBNAL
expression (14). Additionally, wusing 4
independent MDM2 inhibitors, they showed the
tumor cells were dependent upon MDM2
protein for survival (14). Renouf et al., by using
nutlin-3 as a p53-MDM2 interaction inhibitor
in combination with different chemotherapeutic
drugs, showed that p53 was stabilized and
activated (15). In addition, they reported EBV
negative or latency | EBV BL cells were

sensitive to these drugs, but latency 111 EBV
cells were not affected by them (15). Similarly,
in a previous study, we observed that expression
of MDM2 was upregulated significantly in
MKN-45 cell line harboring EBNAL plasmid
(unpublished data). Based on our and other
studies, EBNA1 might induce the
overexpression of MDM2 gene in the BL cells,
inhibit the p53 function, prevent the infected
cell apoptosis, and support the pathogenesis of
EBV in BL. Additionally, the SNP rs2279744
in MDM2, which is connected to the p53
activation pathway, has also been linked to an
increased risk of leukemia (32).

In our work, MDM4 was found to be
significantly overexpressed in BL28 cells that
have EBNA1 compared to the control plasmid
transfected cells. MDM4 is overexpressed in a
variety of malignancies that, nonetheless, have
wild type p53 (33). A study based on
CRISPR/Cas9 screens revealed that MDM4
and MDM2 were critical for the survival of
EBV-transformed B cells (34). Also, in our
previous study on MKN-45 cell line harboring
EBNAL plasmid, MDM4 was significantly
overexpressed (unpublished data). Taken
together, overexpression of MDM4 by EBNA1
might be related to p53 suppression in BL
cancer cells harboring wild type p53.

In present study, the expression of USP7
gene in the EBNA1-expressing BL28 cells was
increased significantly compared to the control
plasmid transfected cell. USP7 is a de-ubiquitin
enzyme that plays an essential role in cleaving
ubiquitin from its substrates and is most
typically related to cellular protein stability
(35). USP7 regulates p53 functions in a
paradoxical way via several ways (10). In a
context-dependent way, HAUSP works as both
a tumor suppressor and an oncogene, and its
substrates play a key role in either tumor
suppression or oncogenesis (36). According to
the findings, EBNA1 might interact with USP7,
which facilitates p53 degradation and prevents
apoptosis  (13). However, USP7-mediated
stabilization of MDM2 (as a p53-inhibiting
protein) results in p53 degradation, preventing
the cell cycle arrest and death and boosting
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tumor cell proliferation (10, 12). Additionally,
it was reported that USP7 might influence gene
expression via modulating the transcription
factors (9). He et al. reported inhibiting USP7
reduced the MDM2 expression (as a p53-
inhibiting gene) and increased the p53
expression (37).

In non-small cell lung cancer (NSCLC), USP7
plays a significant role in carcinogenesis
through p53-dependent pathways (10). It was
reported that USP7 overexpression, through
changes in some processes such as apoptosis,
cell cycle control, and DNA damage response,
contributes to the progression of tumor. For
instance, it was shown that USP7 was
upregulated in CLL (38). It is possible that the
EBNAL protein functions in tumor progression
by inducing USP7 expression, but it needs to be
studied further.

Our findings demonstrated that although
SIRT3 expression was higher in the BL28 cell
line containing EBNAL than in the controls, the
difference was insignificant. Expression of
SIRT3 was not significantly higher in the
EBNA1-harboring cells than the control
plasmid transfected cells. The function of
SIRT3 varies depending on the tumor and cell
type; as a result, SIRT3 might operate as a
tumor suppressor or an oncogene (22). It was
reported that there was a strong relationship
between SIRT3 and p53(39). SIRT3 is a target
in cancer therapy with both tumor-suppressive
and oncogenic properties (23). Previously, it
was reported that SIRT inhibition might prevent
p53  deacetylation by  wviruses, and
hyperacetylated p53 induces cell death and
virus eradication (40). Our finding showed that
SIRT3 might have not key role in p53 inhibition
in the cell harboring EBNA1, like EBV-
associated BL.

In our study, PSMD10 expression was
shown to be greater in BL28 cell lines
containing EBNAL than in the control cells,
albeit this difference was not statistically
significant. Increased Gankyrin production
reduces apoptosis by degrading p53 and, as a
result, the transcription of p53-dependent genes
(24). In vivo and in vitro experiments show that
Gankyrin binds to MDM2, boosting p53—

680 Rep. Biochem. Mol. Biol, Vol.11, No.4, Jan 2023

MDM?2 interaction, resulting in p53
ubiquitylation and subsequent proteasomal
destruction (41). Several studies have shown
that Gankyrin is overexpressed in a variety of
malignancies, contributing to  tumor
development as well as poor prognosis (24, 42).
Kashyapetal. reported EBV and Helicobacter
pylori coinfection by regulating Gankyrin that
might induce gastric cancer progression (43).
They reported that the expression of Gankyrin
might be directly linked with EBNA3C (43). In
our previous research on MKN-45 cells that
harbored EBNA1l  plasmid, PSMD10
expression was increased  significantly
(unpublished data). It seems PSMD10 might
not be involved in the pathogenesis of EBV in
BL through EBNAL, but it might contribute to
the pathogenesis of EBV in stomach cancer;
therefore, based on cell nature, the effect of
EBNAL on PSMD10 gene expression maybe
different.

Results also showed that p53 transcription
was downregulated following EBNAL
transfection, but not significantly. Moreover,
immunocytochemistry assay showed no
changes at the protein level. Likewise, Ribeiro
et al. reported that EBV-associated gastric
carcinomas had p53 wild type reduction in p53
MRNA level with high p53 protein in IHC assay
(44). We previously demonstrated in MKN-45
cell line that harboring EBNA1, p53
transcription was downregulated but slightly
upregulated at the protein levels (unpublished
data). One interpretation of this event maybe
that EBNAL affects the expression of p53 at the
MRNA level and inhibits p53 protein or its
pathways by upregulating some inhibitor genes.
Thus, wild type p53 has no function in these cell
lines.

In the second phase of this study, GNE6776
was used to test the impact of USP7 inhibition
on p53 and its inhibitor genes expression in the
cells carrying the EBNAL and control plasmids.
After passing 4 days from GNE6776 treatment,
none of p53-inhibiting genes was significantly
elevated in the control plasmid transfected cells
and transfected EBNAL in comparison with
their control that was treated with DMSO.
However, when we compared the EBNAL
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transfected cells with the control plasmid
transfected cells treated with GNE6776, certain
p53-inhibiting genes such as MDM4 and
PSMD10 had significantly higher expression in
the BL28 cells carrying the EBNA1 plasmid vs.
the control plasmid. The difference in the effect
of GNE-6776 on the EBNA1l plasmid
transfected cells vs. the control plasmid
transfected cells might be attributed to the
presence of EBNAL protein. Using nutlin-3, as
a p53-MDM?2 interaction inhibitor, Renouf et
al. showed EBV negative or latency | EBV BL
cells were sensitive to these drugs, but latency
111 EBV cells were not affected by them (15).
Thus, it seems that the effect of drugs on EBV
negative cells or each EBV latency is different.
We performed two independent tests (Pl
spectrofluorometry and trypan blue exclusion
test) and confirmed that GNE-6776 at a 15 uM
concentration was not toxic for the BL28 cells
(not inducing necrosis instead of apoptosis at
this concentration). When we used GNE-6776
at a 15 uM concentration in the AO/PI assay,
USP7 inhibition caused no apoptosis in both
control plasmid and EBNAL1 plasmid
transfected cells.

In the current study, we did not find
significant changes in the expression of p53
(mMRNA or protein level) following USP7
inhibition. Additionally, no sign of apoptosis
was seen. However, in our prior study, by USP7
inhibition in MKN-45 cell line, we found that
p53 expression was upregulated at protein level,
and apoptosis was induced in the MKN-45 cell
line (unpublished data). It seems that the
function of USP7on p53 and cancer process
may be different in each cell with different
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