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Background: Epstein-Barr virus (EBV) has been indicated in the development of some 
tumors, including lymphoma. However, the potential role of latent membrane protein 1 
(LMP1) encoded by EBV in the tumorigenesis of lymphoma remains debated. Herein, we 
examined the function of LMP1 in lymphoma.
Methods: The expression of LMP1 was downregulated or upregulated in EBV negative cell 
line SNT-8 and positive cell line KHYG-1, respectively. Subsequently, the cell viability, 
apoptosis, as well as the expression patterns of p53, mouse double minute 2 (MDM2), B-cell 
CLL/lymphoma 2 (Bcl-2) and NF-κB were evaluated. Next, the binding relationship between 
MDM2 and p53 along with p53 ubiquitination in cells was tested by Western blot and co- 
immunoprecipitation. Finally, the effects of LMP1 on lymphoma cell growth through p53, 
Bcl-2 and NF-κB pathways were verified by functional rescue experiments.
Results: Overexpression of LMP1 promoted KHYG-1 cell growth and inhibited cell apop-
tosis. Moreover, LMP1 upregulation significantly enhanced the activation of NF-κB pathway, 
thus increasing MDM2 binding to p53, leading to p53 ubiquitination and degradation as well 
as Bcl-2 expression enhancement. Further inhibition of the NF-κB pathway or Bcl-2 expres-
sion significantly weakened the promotive role of LMP1 in the growth of KHYG-1 cells.
Conclusion: EBV-LMP1 promoted the p53 ubiquitination and degradation by activating NF- 
κB signaling pathway and the following binding of MDM2 and p53 in cells to enhance Bcl-2 
expression, thus promoting the growth of lymphoma cells and inhibiting cell apoptosis.
Keywords: EBV-LMP1, p53, MDM2, ubiquitination and degradation, lymphadenoma, 
apoptosis

Introduction
In adolescents, lymphoma is among the most frequent-occurring tumors (20%), and 
cases of Hodgkin lymphoma was almost as twice as non-Hodgkin lymphoma by 
2020 in the United states.1 Epstein-Barr virus (EBV) comprised of a linear double- 
stranded DNA molecule that encodes over 85 genes, is highly associated with 
different subtypes of lymphoma.2 Initially discovered due to its correlation with 
Burkitt lymphoma, the pathogenesis of EBV-related lymphomas is considered as an 
intricate interplay between different viral gene expression profiles and cellular 
genetic changes.3 Even though chemotherapy is effective enough for EBV-related 
malignancies, up to half of survivors of Hodgkin lymphoma die from complications 
caused by chemotherapy, secondary malignancies, or relapse.4 Therefore, it is of 
great significance to investigate the molecular basis of the progression of lym-
phoma, which may be beneficial to develop better strategical options to prevent and 
treat lymphoma.
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There are three latent membrane proteins (LMP)-1-2A 
that are essential for the survival and transformation of 
infected cells into eternally proliferating cells.5 LMP1, a 
60–66 kDa fully phosphorylated transmembrane glycopro-
tein consists of 386 amino acid (aa) residues.6 The cytoplas-
mic fragment of LMP-1 contains three important domains 
which induce several pathways involving the nuclear factor 
κB (NF-κB) pathway.7 Moreover, delivery of LMP1 recom-
binant constructs into human large cell lung carcinoma (with 
p53 deleted gene) has proposed that the carboxyl-terminus 
activating regions of LMP1 repressed the transactivation of 
p53, and p53-dependent DNA repair and transcription was 
inhibited through the NF-κB pathway.8 Enhanced interac-
tions with its regulator murine double minute (MDM2) is 
one of the possible mechanisms whereby the functions of the 
p53 protein can be altered in tumor cells.9 Meanwhile, the 
decline in p53 expression is accomplished by MDM2- 
mediated p53 ubiquitination as well as proteasomal degrada-
tion via the ubiquitin proteolytic system and through MDM2- 
mediated suppression of p53 transactivation.10 Intrinsic 
apoptosis is a kind of response to intracellular cell death 
stimuli, which is modulated by the connection between the 
B-cell lymphoma 2 (Bcl-2) family and the membrane 
interactions.11 As a consequence, we set to evaluate the 
function of LMP1 in mediating cell apoptosis in lymphoma 
in the present study. Based on the results, the detailed 
mechanism was further examined. Moreover, the effect of 
LMP1 on the activation of NF-κB pathway and MDM2- 
mediated p53 ubiquitination was explored. The purpose of 
the current work is to clarify the mechanistic connection 
between LMP1 and p53 ubiquitination in EBV-positive or 
EBV-negative lymphoma cells as well as their implications 
in apoptosis.

Materials and Methods
Cell Culture and Treatment
EBV positive cell line SNT-8 (RRID: CVCL_A677) and 
EBV negative cell line KHYG-1 (RRID: CVCL_2976) 
were purchased from Cell Bank (https://cellbank.nibiohn. 
go.jp/english/). SNT-8 and KHYG-1 cells were cultured in 
Roswell Park Memorial Institute-1640 medium supple-
mented with 10% fetal bovine serum (FBS), penicillin 
(100 U/mL), streptomycin (100 g/mL) and recombinant 
human interleukin-2 (IL-2, 100 U/mL).

SNT-8 cells in good growth condition were delivered 
with short hairpin RNA (shRNA) targeting EBV-LMP1 and 
the corresponding scramble shRNA (GenePharma, 

Shanghai, China). KHYG-1 cells in good growth conditions 
were infected with EBV-LMP1 lentiviral overexpression 
vector (GenePharma, Shanghai, China) with empty vector 
Lv-NC as a control. After cell transfection or infection, 
Western blot and RT-qPCR were used to detect LMP1 
expression in cells to determine transfection and infection 
efficiency. Cells were collected after 48 h of transfection or 
24 h of infection for subsequent experiments.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
EdU labelling was conducted using the Click-iTEdU kit 
(Invitrogen Inc., Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Briefly, cells were exposed 
to 50 μM EdU for a period of 2 h and fixed with 4% 
formaldehyde. Cells were then treated with 2 mg/mL 
glycine to neutralize formaldehyde and permeated with 
0.5% Triton X-100. Lastly, the cells were reacted with 
100 μL 1 × Apollo reaction mixture for 30 min and then 
with 100 μL 4ʹ,6-diamidino-2-phenylindole (5 μg/mL). 
Images were obtained using an Olympus IX-71 inverted 
microscope (Tokyo, Japan). The percentage of EdU posi-
tive cells was calculated by dividing the number of EdU 
positive cells by the number of cells stained by Hoechst.

Cell Proliferation Assay
KHYG-1 and SNT-8 cells were plated into a 24-well plate 
at 2 × 104 cells/well and incubated at 37°C in a 5% CO2 

incubator for 24 h. The cells were then detached with 
0.25% ethylenediaminetetracetic acid-trypsin (Solarbio, 
Beijing, China), centrifuged at 1000 rpm for 5 min and 
then resuspended with F12 medium. Next, the carboxy-
fluorescein succinimidyl ester (CFSE) solution (Thermo, 
shanghai, china) was added for a 15-min incubation at 37° 
C. After the incubation, FBS was used to terminate the 
reaction. The cells were resuspended again with F12 med-
ium. Finally, cell viability was detected by a flow cyt-
ometer (Beckman Coulter, Inc., Brea, CA, USA).

Colony Formation Assay
SNT-8 and KHYG-1 cells in logarithmic growth period 
were plated in a six-well plate at 200 cells/well. After 14 
days, colonies formed were fixing with 1% paraformalde-
hyde and stained with 1% crystal violet (Sigma-Aldrich 
Chemical Company, St Louis, MO, USA).

Cell Cycle Detection
KHYG-1 and SNT-8 cells were fixed with 70% ice ethanol 
and placed overnight in a 4°C refrigerator. After washing 
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and centrifugation, the cells were resuspended in 500 mL 
FxCycle propidium iodide (PI)/RNase staining solution, 
then filtered using nylon meshes and incubated at room 
temperature without light for 30 min. The cell cycle dis-
tribution was detected using a FACS-Aria flow cytometer 
(BD Biosciences, San Jose, CA, USA).

Apoptosis Detection
To measure cell cycle distribution, SNT-8 and KHYG-1 
cells were incubated for 48 h, then fixed with 75% ethanol 
(Sigma), and incubated with RNase A and PI solution for a 
period of 30 min at 37°C. To perform apoptosis analysis, 
cells were resuspended in binding buffer after 48 h of 
culture and then stained with Annexin V-fluorescein iso-
thiocyanate (FITC) and PI (Beyotime, Shanghai, China) in 
the dark.

Western Blot
Total protein was extracted from cultured cells using 
radioimmunoprecipitation assay lysis buffer containing 
protease inhibitors, and protein concentrations were deter-
mined by bicinchoninic acid assay protein assay 
(Beyotime, Shanghai, China). A total of 20 μg protein 
lysates was subjected to a sodium dodecyl sulfate-polya-
crylamide gel electrophoresis and electrically transferred 
onto polyvinylidene difluoride membranes (Millipore, 
Billerica, MA, USA). The membranes were then sealed 
with 5% skim milk for 2 h, incubated overnight with 
specific primary antibodies (Table 1) and with secondary 
antibodies for 2 h. Visualization of proteins was performed 

using the enhanced chemiluminescence solution 
(Beyotime) with glyceraldehyde-3-phosphate dehydrogen-
ase (GAPDH) as the normalizer.

Co-Immunoprecipitation (Co-IP)
Co-IP was performed using the Co-IP kit (Wanlei, 
Shenyang, Liaoning, China). In short, cells in the petri 
dishes were lysed in 500 μL lysis buffer. The proteins 
were isolated from SNT-8 and KHYG-1 cells, incubated 
at 4°C for a period of 30 min and centrifuged to separate 
the lysate. The total protein was quantified and diluted to 1 
μg/μL. A total of 500 μL lysate was incubated with anti-
body (2 μg) at 4°C for 12 h with 60 μL protein A beads at 
room temperature for 2 h. Finally, the target antigen was 
washed with loading buffer and prepared for Western blot 
analysis.

p53 Ubiquitination Detection
KHYG-1 and SNT-8 cells were transfected with 
pCDNA3.1–3 × HA-UB expression vectors (Miaolingbio, 
Wuhan, Hubei, China). After 24 h, the cells were treated 
with 10 mM MG132 for 3 h and then lysed. Ubiquitinated 
p53 was immunoprecipitated with the antibody against 
p53 and analyzed by Western blot with anti-HA.

Animal Experiments
All animals were maintained and used according to strict 
guidelines established by the Animal Ethics Committee of 
Xiangyang Central Hospital (Approval number: XYCH/ 
IAEC/2018/39). Twenty BALB/c nude mice (4 weeks old, 
male) from Shanghai Animal Experiment Center 
(Shanghai, China) were allowed to acclimatize for 1 week 
in the animal facility before any intervention was initiated. 
KHYG-1 cells expressing LMP1 (Lv-LMP1), control (Lv- 
NC) or SNT-9 cells stably expressing shLMP1 or Scramble 
shRNA (2 × 106 cells) were subcutaneously injected into 
the right armpit of nude mice (n = 5). The tumor volume 
was monitored every 7 days and calculated using the fol-
lowing formula: volume (mm3) = length × width2 × 0.5. 
Five weeks after injection, mice were euthanized, and 
tumors were collected for weight and immunohistochem-
ical analysis.

Immunohistochemical Analysis
The sections were fixed at room temperature with 4% 
paraformaldehyde (30,525–89-4, Aladdin, Shanghai, 
China) for 48 h, embedded in paraffin, and cut into 4-μm 
thickness sections. Sections were then dewaxed in gradient 

Table 1 The Primary Antibodies Used in the Western Blot

Antibody Catalog 
Number

Company Dilution

NF-κB p65 Ab207297 Abcam 1:2000

phos-NF-κB 

p65

Ab222494 Abcam 1:2000

Bcl-2 GTX100064 Genetex 1:1000

Bax #2772 Cell Signaling 

Technologies

1:1000

MDM2 GTX100531 Genetex 1:2000

p53 GTX70214 Genetex 1:5000

GAPDH Ab8245 Abcam 1:10,000

Abbreviations: NF-κB, nuclear factor-kappaB; Bcl-2, B-cell CLL/lymphoma 2; Bax, 
Bcl2-associated X protein; MDM2, mouse double minute 2; GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase.
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concentrations of xylene (1330–20-7, Aladdin) and etha-
nol. Afterwards, the sections were heated in a citrate buffer 
(10 mM, pH = 6.0) below boiling temperature for a period 
of 10 min for antigen retrieval. Next, the sections were 
probed with the primary antibody against Ki-67 (AF1738, 
1:400, Beyotime) and diluted in immunostaining blocking 
buffer (P0102, Beyotime) for 4°C for 2 h. Subsequently, 
the sections were washed two times at ambient tempera-
ture with washing buffer (P0106, Beyotime) for 15 min 
and subjected to a 30-min incubation with SignalStain® 

Boost immunohistochemistry detection reagent (horserad-
ish peroxidase-labelled, 8114S, Cell Signaling 
Technologies, Beverly, MA, USA) at room temperature. 
Finally, sections were observed under an inverted micro-
scope (Olympus IX-71, Tokyo, Japan).

Statistical Analysis
Statistical analysis was executed by the SPSS version 22.0 
(SPSS Inc, Chicago, IL, USA). All values are displayed as 
mean values ± standard deviation (SD) of three individual 
experiments. Statistical differences were determined using 
unpaired t-test, one-way or two-way analysis of variance 
(ANOVA), followed by Tukey’s multiple comparisons test. 
All tests were two-tailed, and statistical significance was 
considered to be reached when p < 0.05.

Results
LMP1 Promotes Lymphoma Cell 
Proliferation and Inhibits Apoptosis
To expound the specific role of LMP1 in lymphoma cells, 
we transfected SNT-8 cells with shRNAs targeting LMP1 
(shLMP1) or Scramble (Scr) and infected KHYG-1 cells 
with Lv-LMP1 (LMP1) or Lv-NC. EdU staining revealed 
that the number of EdU positive cells was increased sig-
nificantly after overexpression of LMP1 (p < 0.05, 
Figure 1A). Moreover, after CFSE staining, the cell pro-
liferation was detected by flow cytometric analysis, and it 
was also revealed that increasing the expression of LMP1 
in cells significantly promoted cell proliferation (p < 0.05, 
Figure 1B). The colony formation assay was applied to 
detect the number of colonies formed by cells, and the 
number of colonies formed was increased significantly by 
overexpression of LMP1 in KHYG-1 cells (p < 0.01, 
Figure 1C). We then used flow cytometry to detect cell 
cycle distribution and apoptosis and found that after over-
expression of LMP1, cell cycle progression was signifi-
cantly promoted (p < 0.05, Figure 1D), and the number of 

apoptosis was decreased significantly (p < 0.05, 
Figure 1E). Nevertheless, knocking down the expression 
of LMP1 in EBV positive SNT-8 cells led to declines in 
cell proliferation, cell cycle arrest in G0/G1 stages, and 
also promotion in apoptosis level (all p < 0.05, 
Figure 1A–E).

LMP1 Enhances NF-κB Activation to 
Facilitate MDM2-Mediated p53 Protein 
Degradation
To determine the effect of LMP1 on lymphoma cells, we 
used Western blot to detect phosphorylation levels of NF- 
κB signaling pathway in KHYG-1 and SNT-8 cells. 
Overexpression of LMP1 significantly promoted phos-
phorylation levels of NF-κB p65, decreased p53 and Bax 
expression as well as the ratio of Bax/Bcl-2, and elevated 
MDM2 and Bcl-2 expression. The downregulation of 
LMP1 in SNT-8 cells significantly inhibited the extent of 
NF-κB p65 phosphorylation, elevated the expression of 
p53 and Bax, along with the ratio of Bax/Bcl-2, while 
repressed the expression of MDM2 and Bcl-2 (p < 0.05, 
Figure 2A). Therefore, we suspected that LMP1 promoted 
MDM2-mediated p53 ubiquitination by potentiating the 
NF-κB signaling pathway to promote lymphoma cell 
growth. Afterwards, we conducted Co-IP experiments to 
detect the binding relation of MDM2 to p53 in KYHG-1 
and SNT-8 cells. Overexpression of LMP1 expedited the 
interaction of p53 and MDM2 in KYHG-1 cells, but the 
binding of p53 to MDM2 in cells was significantly 
reduced in SNT-8 cells (Figure 2B). Subsequently, we 
detected p53 ubiquitination in KHYG-1 and SNT-8 cells 
and found that the p53 ubiquitination was notably 
increased in KHYG-1 cells, while the p53 ubiquitination 
was remarkably inhibited after knockdown of LMP1 in the 
cells (Figure 2C).

A NF-κB Inhibitor Blocks the Supporting 
Role of LMP1 for Lymphoma Cell Growth 
and p53 Degradation
We subsequently added a NF-κB-specific inhibitor 
Flaconitine to KHYG-1 cells overexpressing LMP1 and a 
NF-κB-specific agonist to SNT-8 cells with LMP1 knock-
down. We observed that specific inhibition of NF-κB acti-
vation in KHYG-1 cells significantly reduced the number 
of EdU (p < 0.01) and CFSE-positive cells (p < 0.05, 
Figure 3A and B) and promoted apoptosis and G0/G1 
cell cycle arresting (both p < 0.05, Figure 3C and D). 
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While specific activation of the NF-κB pathway in SNT-8 
cells with poor expression of LMP1 significantly increased 
cell viability, inhibited apoptosis and promoted cell cycle 
progression (all p < 0.05). Moreover, we found that p53 
ubiquitination decreased significantly in KHYG-1 cells 
and increased significantly in SNT-8 cells (Figure 3E), 
suggesting that p53 ubiquitination was associated with 
NF-κB pathway activation.

MG132, a Proteasome Blocker, Weakens 
LMP1 Action on Lymphoma Cell Growth 
and p53 Degradation
Significant inhibition of p53 ubiquitination level was 
observed in KHYG-1 cells overexpression LMP1 follow-
ing the addition of MG132 (Figure 4A). Subsequently, we 
tested the proliferation ability of KHYG-1 cells, which 

Figure 1 LMP1 promotes lymphoma cell proliferation and inhibits apoptosis. (A) The proliferation ability of KHYG-1 and SNT-8 cells evaluated by EdU staining; (B) Cell viability after 
CFSE staining determined by flow cytometry; (C) The number of colonies formed by cells detected by the colony formation assay; (D) Cell cycle distribution detected by flow 
cytometry; (E) Cell apoptosis level assessed by flow cytometry. The data was performed as means ± SD from three independent experiments. One-way ANOVA was applied to 
compare the mean of samples among multiple groups, followed by Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01 vs. the Lv-NC group; #p < 0.05, ##p < 0.01 vs. the Scr group.
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displayed that the number of EdU positive cells (p < 0.01) 
and CFSE positive cells (p < 0.05) was decreased signifi-
cantly, while apoptosis was increased remarkably (p < 
0.01), in concomitant with an enhancement in the cell 
number in the G0/G1 phase and a decline in the cell 
number in the S phase (p < 0.05, Figure 4B–E).

Specific Activation of p53 or Inhibition of 
Bcl-2 Inhibits LMP1 Action on Lymphoma 
Cell Apoptosis
To further verify our conjecture, we added a Bcl-2-specific 
inhibitor TW-37 to KHYG-1 cells overexpressing LMP1 
and a p53-specific inhibitor Pifithrin-β to SNT-8 cells with 
LMP1 knockdown. We used Western blot to detect Bcl-2 
and p53 expression in those cells to determine the success 
of delivery (p < 0.05, Figure 5A). Also, we monitored that 
after specific inhibition of Bcl-2 expression, the prolifera-
tion activity of KHYG-1 cells was significantly decreased, 
and the level of apoptosis was significantly promoted (all p 
< 0.05). However, after inhibition of p53 expression in 
SNT-8 cells, cell proliferation activity was significantly 
enhanced, and apoptosis level was significantly inhibited 
(all p < 0.05, Figure 5B–E).

LMP1 Accelerates the Growth of 
Lymphoma in vivo
After that, we examined the effects of LMP1 on the 
growth of lymphoma cells in vivo. The growth rate of 
tumors from mice injected with KHYG-1 cells overexpres-
sing LMP1 was increased significantly and the weight of 
transplanted tumor was elevated significantly as well (all p 
< 0.05, Figure 6A–C). By contrast, the growth rate of 
tumors from mice injected with SNT-8 cells with LMP1 
knockdown was significantly inhibited, and the weight of 
tumor was significantly reduced. Furthermore, we detected 
the protein expression of KI67 in tumor by immunohisto-
chemistry, and found that overexpression LMP1 increased 
KI67 expression, while inhibition of LMP1 expression 
decreased KI67 expression (all p < 0.01, Figure 6D).

Discussion
EBV, the first human virus associated with oncogenesis, 
was originally identified in 1964 in a Burkitt lymphoma 
cell line and disturbs over 90% of the global population.12 

Moreover, EBV-encoded LMP1 has been indicated to pro-
mote cell cycle progression and repress apoptosis via the 
induction of the NF-κB pathway.13 However, the precise 
mechanism of its tumor-facilitating effect remains unclear. 

Figure 2 LMP1 activates the NF-κB pathway to induce MDM2-mediated p53 protein degradation. (A) NF-κB p65 phosphorylation levels and p53, MDM2, Bax and Bcl-2 
protein expression in cells detected by Western blot (one-way ANOVA was used to compare the mean of samples among multiple groups, followed by Tukey’s multiple 
comparisons test); (B) MDM2 and p53 binding in KHYG-1 and SNT-8 cells detected by Co-IP; (C) Ubiquitination of p53 in KHYG-1 and SNT-8 cells detected by Co-IP. The 
data was performed as means ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. the Lv-NC group; #p < 0.05, ##p < 0.01 vs. the Scr group.
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Figure 3 The NF-κB pathway inhibitor abrogates the promotive role of LMP1 for lymphoma cell growth and p53 degradation. (A) The proliferation ability of KHYG-1 and 
SNT-8 cells evaluated by EdU staining; (B) Cell viability after CFSE staining determined by flow cytometry; (C) Cell cycle distribution detected by flow cytometry; (D) Cell 
apoptosis level assessed by flow cytometry; (E) Ubiquitination of p53 in KHYG-1 and SNT-8 cells detected by Co-IP. The data was performed as means ± SD of three 
independent experiments. One-way ANOVA was used to compare the mean of samples among multiple groups, followed by Tukey’s multiple comparisons test. The data was 
performed as means ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. the LMP1 + DMSO group; #p < 0.05, ##p < 0.01 vs. the shLMP1 + DMSO group.
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In the present investigation, we first determined that LMP1 
augmented the proliferation of lymphoma cells in vitro and 
in vivo. Additionally, LMP1 overexpression activated NF- 
κB pathway to enhance p53 protein degradation in an 
MDM2-dependent manner and to promote Bcl-2 expres-
sion. These data suggested pro-proliferative and anti-apop-
totic roles for LMP1 in lymphoma.

Initially, the plasma expression of EBV-LMP1 was nota-
bly elevated in patients with metastatic nasopharyngeal carci-
noma (NPC) relative to non-metastatic patients, and EBV- 
LMP1 was tightly linked to tumor stage and node stage for 
metastatic NPC patients.14 More specifically, LMP1 has been 
suggested to mimic human CD40 receptor to activate several 
pathways and to lead to the progression of disorders associated 
with EBV.15 For instance, LMP1 upregulated the expression 
and activity of DNA methyltransferases 1 and promoted its 
mitochondrial translocation, contributing to metabolic repro-
gramming in NPC.16 Besides, EBV-encoded LMP1 sup-
pressed the repair of DNA double-strand breaks by 
repressing the phosphorylation and activity of DNA-depen-
dent protein kinase to elevate radio-resistance in NPC.17 

While in the current study, we performed EdU, colony forma-
tion and flow cytometric assays to reveal that LMP1 over-
expression in EBV negative KHYG-1 cells promoted 
lymphoma cell proliferation and prevented apoptosis, while 
LMP1 knockdown resulted in opposite trends in EBV positive 
SNT-8 cells. In line with our findings, LMP1 upregulation 

promoted the growth of CNE-2 cells relative to LMP2A over-
expression, and LMP1 knockout markedly repressed EBV 
proliferation in CNE-2 cells.18 As a consequence, we sought 
to probe the underlying mechanism.

Previously, Kim et al found that LMP1-activated V-set and 
Ig domain-containing 4 expression is modulated through the 
NF-κB pathway.19 Moreover, LMP1 encouraged miR-146a 
expression via the NF-κB pathway in EBV-associated cells, 
hence manipulating cell phenotypes.20 Similarly, we observed 
that the NF-κB pathway is involved in the mediation of 
MDM2-mediated degradation of p53 and cell viability 
enhancement caused by LMP1, supporting by lowered num-
ber in EdU- and CFSE-positive cells, facilitated cell apoptosis 
as well as diminished p53 ubiquitination levels in KHYG-1 
cells treated with Flaconitine in the presence of LMP1. LMP1 
was also established to confer cancer stem-like cell phenotype 
to NPC cells by impairing the p53-modulated apoptosis 
pathway.21 Furthermore, IKKβ could stabilize MDM2, thus 
resulting in degradation of GADD45α in HepG2 cells in an 
ubiquitination-dependent manner.22 Casein kinase-2 inhibi-
tors reduced the association between MDM2 and p53 and 
blocked p53 ubiquitination to enhance p53 levels.23 

ZCCHC10 bound to and stabilized p53 by impairing the 
binding relation between p53 and MDM2, and the p53 inhi-
bitor pifithrin-α weakened the impacts of ZCCHC10 restora-
tion on p53 pathway, cell cycle and apoptosis in lung cancer.24 

Our data demonstrated that specific inhibition of p53 by 

Figure 4 MG132 significantly attenuates the action of LMP1 on lymphoma cell growth and p53 degradation. (A) Ubiquitination of p53 in KHYG-1 cells detected by Co-IP; 
(B) The proliferation ability of KHYG-1 cells evaluated by EdU staining; (C) Cell viability after CFSE staining determined by flow cytometry; (D) Cell cycle distribution 
detected by flow cytometry; (E) Cell apoptosis level assessed by flow cytometry. The data was performed as means ± SD of three independent experiments. Unpaired t-test 
was applied to compare the mean of samples between groups. The data was performed as means ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. the LMP1 
+ DMSO group.
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Figure 5 Specific activation of p53 or inhibition of Bcl-2 inhibits the LMP1 action on lymphoma cell viability and apoptosis. (A) Bcl-2 expression in KHYG-1 cells and p53 
expression in SNT-8 cells determined by Western blot; (B) The proliferation ability of KHYG-1 and SNT-8 cells evaluated by EdU staining; (C) Cell viability after CFSE 
staining determined by flow cytometry; (D) Cell cycle distribution detected by flow cytometry; (E) Cell apoptosis level assessed by flow cytometry. The data was performed 
as means ± SD of three independent experiments. One-way ANOVA was used to compare the mean of samples among multiple groups, followed by Tukey’s multiple 
comparisons test. *p < 0.05, **p < 0.01 vs. the LMP1 + DMSO group; #p < 0.05, ##p < 0.01 vs. the shLMP1 + DMSO group.
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pifithrin-β reversed the influence of LMP1 knockdown on cell 
viability and apoptosis. Additionally, MG132, a proteasome 
blocker, and suppression of Bcl-2 inhibited the function of 
LMP1 in cell growth. Klenke et al found that TW-37 treatment 
resulted in enhanced apoptosis and diminished proliferation 
rates in neuroblastoma cell lines,25 which was in line with our 
findings. Apoptosis in cancer cells is highly related to the 
activity of ubiquitin-proteasome signaling, and MG132 was 
monitored to stimulate cell apoptosis through generating reac-
tive oxygen species or altering the expression of transcription 
factors and cell cycle proteins.26 Also, MG132 contributed to 
a significant decline in HepG2 cell viability.27 Consistently, 
MG132 was displayed in our observations to reduce the EdU- 
and CFSE-positive cells and enhance cell apoptosis in 
KHYG-1 cells overexpressing LMP1.

Conclusion
Altogether, the results from our assays reveal that LMP1 
acts as an oncogene in lymphoma and interacts with NF- 
κB to coregulate the MDM2/p53/Bcl-2 axis to regulate the 
cell viability, apoptosis as well as cell cycle progression. 
As a consequence, LMP1 knockdown may become a novel 
molecular target for the exploration of novel treatment 
approaches for lymphoma. Nevertheless, more detailed 
molecular analyses are necessary to explore the probable 
role of the existing axis in lymphoma, bringing possibility 
in novel approaches for the management and treatment of 
the tumor.
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