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Background and Objective: In the present study, we detected the expression of MDM?2
and p53 in oesophageal squamous cell carcinoma (OSCC) specimens, studied their relation-
ship with the survival of OSCC patients, and explored the potential of MDM?2 and p53 to
serve as predictive OSCC tumour markers.

Patients and Methods: Through immunohistochemistry and fluorescence in situ hybridi-
zation (FISH), we detected the expression of MDM2 and the p53 protein in 157 OSCC
specimens that met the inclusion and exclusion criteria. After scoring the results, Pearson’s
chi-square test and Cox regression were used for analysis.

Results: The results showed that the rates of high MDM?2 and p53 expression in OSCC
tissues were 60.5% and 51.0%, respectively. The expression levels of MDM2 and p53 in
OSCC were significantly positively correlated (p<0.001, r=0.414). In addition, the patho-
logical metastasis (M) status and MDM2 protein expression in OSCC were significantly
correlated (p=0.027), and high expression of the p53 protein was positively correlated
with OSCC transfer (p=0.005), pathological node status (p=0.008), and clinical stage
(p=0.003). Kaplan-Meier survival analysis showed that the high expression of MDM?2
and p53 was significantly related to the poor prognosis of OSCC. Moreover, subgroup
analysis of the TNM staging of OSCC patients showed that the high expression of
MDM?2 and p53 was significantly correlated with poor OS and DFS of OSCC patients
in either stage I-II or III-IV patients. Both univariate and Cox multivariate analyses
showed that p53 and MDM2 can be used as independent factors for the prognosis of
OSCC patients. Finally, our FISH detection results for MDM2 showed that the high
expression of MDM?2 was significantly correlated with the amplification of MDM2
(»=0.015).

Conclusion: This study shows that MDM2 and p53 can be used as independent predictors
of the prognosis of patients with oesophageal squamous cell carcinoma.
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Introduction

Oesophageal cancer is a common tumour type in the digestive tract and the
fourth leading cause of cancer-related death in the world."™ As the most
common histopathological type of oesophageal cancer, OSCC accounts for
95% of oesophageal cancers.>>’ OSCC usually has a poor prognosis, and its
five-year survival rate is less than 20%.%'® Therefore, the study of potential
tumour biomarkers in OSCC is of great significance for the treatment and
diagnosis of OSCC.
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p53 is an important tumour suppressor protein. Multiple
in-depth studies have been conducted since the gene was
first reported in 1979."7'% It was originally thought that the
p53 gene was an oncogene, but with deepening research in
the past decade, the function of p53 as a tumour suppressor
gene was gradually revealed. Mutations of the p53 gene
have been found in more than 50% of human tumour
tissues.'* This is the most common genetic change in
tumours, indicating that changes in this gene are likely to
be the main cause of human tumours. After the p53 gene
mutates, due to the change in its spatial conformation, it
loses its regulatory effect on cell growth, apoptosis and
DNA repair.'” The mutated p53 gene is transformed from
a tumour suppressor gene into an oncogene. The p53 gene
has also been found to have the highest correlation with
human tumours.'® Therefore, p53-related gene therapy has
important application prospects for cancer patients.

Researchers discovered that MDM2 is expressed in
various tissues and can suppress the expression of p53
by regulating the negative feedback loop.'” Therefore,
after blocking the interaction between MDM2 and p53, it
is possible to effectively treat human tumours that retain
wild-type p53 by reactivating the p53 tumour suppressor
function.'®'” MDM2 expression has been found in gastric
cancer, colorectal cancer, liver cancer, ovarian cancer and
pancreatic cancer.’” > The overexpression of MDM2 may
affect the occurrence and proliferation of tumours by inhi-
biting the function of p53. In some cases, researchers
detected MDM2 expression without a p53 mutation, indi-
cating that it can replace the inactivated p53 mutation.*®

In this study, we used immunohistochemical staining to
evaluate the expression of MDM2 and p53 protein in
OSCC specimens and studied the relationship between
the expression of MDM2 and the p53 and prognosis in
OSCC. Therefore, to establish
a prognostic model of OSCC patients based on the expres-

our research aims
sion of MDM2 and the p53 protein and explore its value in
clinical practice. We present the following article in accor-
dance with the STROBE reporting checklist.

Methods

Patients and Clinical Samples

In this study, clinical paraffin specimens of 157 patients with
OSCC were collected and sectioned, and the clinical data of
these 157 OSCC patients were combined for retrospective
analysis. All OSCC patients who participated in this retro-
spective analysis underwent surgery at the Cancer Center of

Sun Yat-sen University, Guangzhou, China, from
November 2000 to February 2002. The patients with M1 in
our study were treated with salvage surgery to improve
symptoms of severe esophageal obstruction and were not
resected. Patients who met the following four criteria were
included in our study: i) the pathological types of all patients
were confirmed by pathologists in the pathology department
and were not diagnosed with other tumours; ii) no antitumour
therapy had been performed previously; iii) the patients were
not accompanied by other serious diseases of other systems;
iv) the patients’ clinical and follow-up data were well docu-
mented. The patients’ exclusion criteria were as follows: 1)
the patients’ clinical statistics and data were incomplete; ii)
the patients had severe digestive dysfunction; iii) the patient
also had other types of malignant tumours. All patients in this
study provided scientific research-related informed consent
and completed follow-up records by telephone or outpatient
follow-up after surgery. This study was submitted to the
Research Ethics Committee of Sun Yat-sen University
Cancer Center for review and approval (China) (GZR2015-
093). The trial was conducted in accordance with the
Declaration of Helsinki.

Immunohistochemistry

Pathological sections (4 um thick) were placed in a 65°C
oven for 30 minutes and then deparaffinized with
a gradient of alcohol and xylene. They were then placed
in a citrate solution (10 mmol/L, pH 6.0), and the micro-
wave method was used for antigen retrieval. Endogenous
peroxidase was blocked with 0.3% H,0, for 15 minutes at
room temperature. The specimen was incubated with anti-
human MDM2 mouse (1:200, ZSGB-BIO, Cat. No. ZM-
0425) and anti- p53 mouse (1:200, ZSGB-BIO, Cat. No.
ZM-0408) antibodies overnight (4°C). The secondary anti-
body (1:1000, Beyotime, Cat. No. A0208) was incubated
for 30 3,3'-
Diaminobenzidine tetrahydrochloride (DAB) was used

minutes at room temperature.
for visualization. Finally, the pathological sections were
counterstained with haematoxylin, dehydrated, washed in
xylene, and sealed with neutral glue for optical
microscopy.

Two pathologists independently evaluated all patholo-
gical sections by the following two parameters: (a) score
of positive area of pathological section (0, <5%; 1, 6%-
25%; 2, 26-50%; 3, 51-75%; 4, > 75%) and (b) positive
(0=no

3=strong). The final score was calculated by the following

intensity score signal, l=weak, 2=medium,

formula score=a x b.
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Fluorescence in situ Hybridization
(FISH*”) Analysis

Pathological sections (4 pm) were placed in a 50°C incu-
bator for 2 to 3 hours. The slide specimen was removed
and immersed in a denaturation solution of 70% forma-
mide/2xSSC at 70~75°C for 2~3 minutes. Next, 10 mL of
the denatured or pre-annealed DNA probe was dropped
onto the denatured and dehydrated slide specimen, which
was placed in a humidified dark box at 37°C overnight
(approximately 15—17 hours). The hybridized slide speci-
mens were placed in a preheated 42~50°C volume fraction
of 50% formamide/2xSSC and washed 3 times for 5
minutes each. Then, 150 mL of blocking solution was
added to the hybridization site of the slide and incubated
at 37°C for 20 minutes. Then, 150 mL of avidin-FITC was
added to the specimen and incubated at 37°C for 40
minutes. The specimen was removed, placed in the pre-
heated 42~50°C eluent and washed 3 times for 5 minutes
each. Next, 150 mL of blocking solution II was added to
the hybridization part of the slide specimen, which was
covered with plastic wrap and incubated at 37°C for 20
minutes. The slide was removed and allowed to dry natu-
rally. A 200 mL Pl/antifade dye solution was dropped onto
the slide specimen. DAPI was used to counterstain the
sections. FISH slides were evaluated with a fluorescence
microscope (DM1245; Leica, Germany) using appropriate
filter sets. Orange (centromeric region) and green (target
gene) signals were counted in 60 non-overlapping tumour
cell nuclei from three tumour areas. Dual colour FISH
probes were obtained from zytoVision (Bremerhaven,
Germany).

Statistical Analysis

All statistical analyses were performed using SPSS version
22.0 (SPSS Institute, IL, USA). According to the median
immunohistochemical score, we divided the patients into
a high expression group and a low expression group.
Pearson’s chi-square test and Fisher’s chi-square test
were used to analyse the relationship between different
expression levels of MDM2 and p53 and pathological
parameters of oesophageal squamous cell carcinoma.
Kaplan-Meier survival analysis was used to examine the
relationship between MDM2 and p53 expression levels
and patient prognosis. A Cox proportional hazards model
was used to evaluate factors related to prognosis through
single factor and multivariate analyses. Statistical signifi-
cance was set at p<0.05.

Results

General Characteristics

In this study, the median age of the enrolled patients was 62
years (range: 35-90); 125 patients were male (79.6%) and 32
patients were female (20.4%). Overall, 48 (30.6%), 69
(43.9%) and 40 (25.5%) patients were diagnosed with histo-
logical grade III, I1I disease, respectively. According to TNM
and WHO classification criteria, there were 33 (21%) and 124
(79%) patients with T1-2 and T34 disease, 84 (53.5%) and
73 (46.5%) patients with NO and N1-3 disease, 135 (86.0%)
and 22 (14.0%) patients with MO and M1 disease, and 83
(52.9%) and 74 (47.1%) patients with clinical stage I-II and
-1V disease, respectively.'® In total,115 (73.2%) of the
enrolled patients died during the follow-up period (Table 1).

Table | Clinical Characteristics of Patients with Esophageal
Squamous Cell Carcinoma

Characteristics No. of Patients (%)

Total case 157

Age (Years)

Median, Range 62, 35-90

<62 84(53.5%)

>62 73(46.5%)
Gender

Male 125(79.6%)

Female 32(20.4%)
Histological grade

Gl 48(30.6%)

G2 69(43.9%)

G3 40(25.5%)
Pathological Tumor (T) Status

TI-2 33 (21.0%)

T34 124 (79.0%)

Pathological Node (N) Status
NO 84 (53.5%)
NI-3 73 (46.5%)

Pathological metastasis (M) Status

MO 135 (86.0%)

MI 22(14.0%)
Clinical stage

-l 83 (52.9%)

-1v 74(47.1%)
Death

No 42 (26.8%)

Yes 115 (73.2%)

Abbreviations: T, tumor; N, node; M, metastasis; TNM, tumor-node-metastasis.
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The Expression Levels of MDM?2 and p53 in  Compared with the negative control (Figure 1E and F), the
Oesophagea| Squamous Cell Carcinomaand number of patients in the high MDM2 and high-p53

Their Relationship with Clinical Parameters
Using immunohistochemical staining, we detected the

expression groups was 95 (60.5%, Figure 1A and B) and
80 (51.0%, Figure 1C and D), respectively. High expres-

expression of MDM2 and p53 in the tumour cell nucleus.  sion of p53 was positively correlated with N status

A

3 ¥
W

K

Figure | Immunohistochemical staining for MDM2 and p53 in human oesophageal carcinoma. The data show expression levels of MDM2 (A% 100, Bx400) and p53 (Cx 100,
Dx*400) compared with the negative control (Ex 100, Fx400) in tumour tissues from patients with OSCC. Amplification of the MDM2 gene (G*1000) compared with the

negative control (Hx1000) according to FISH in tumour tissues from patients with OSCC.
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(»=0.005) and clinical stage (p=0.003), and high expres-
sion of MDM2 (p=0.027) and p53 (p=0.008) was posi-
tively correlated with the M status of oesophageal cancer
(Table 2).

The Influence of the Expression Levels of

MDM?2 and p53 on Patient Prognosis

The median survival times of OS and DFS of the 157 enrolled
patients were 26 months and 23 months, respectively. The
cumulative OS rate and DFS rate of the patients in this study
were 29 and 31%, respectively (data not shown). Kaplan-
Meier survival analysis showed that DFS and OS of OSCC
patients were positively correlated with the expression levels
of MDM2 and p53 (p<0.05) (Figure 2). Univariate analysis
showed that gender (DFS, p<0.003; OS, p<0.001), N status
(DFS, p<0.001; OS, p<0.001), M status (DFS, p=0.005; OS,
p<0.011), clinical stage (DFS, p<0.001; OS, p<0.001), MDM2
expression (DFS, p<0.001; OS, p<0.001) and p53 expression
(DFS, p<0.001; OS, p<0.001) were closely related to the

reduction in patient DFS and OS (Table 3). Multivariate Cox
analysis further confirmed that gender (DFS, p=0.019; OS,
p=0.005), clinical stage (DFS, p=0.013; OS, p=0.024), MDM2
expression (DFS, p=0.015; OS, p=0.005) and p53 expression
(DFS, p=0.004; OS, p=0.001) were independent predictors of
DFS and OS (Table 4).

The Expression Levels and Prognosis of
MDM2 and p53 in OSCC Stage |-l and
[1I-IV Patients

Kaplan-Meier survival analysis showed that there was
a statistically significant difference between DFS, OS and
MDM2 and p53 expression levels in patients with stage -1
(83, 52.9%) and stage III-1V (74, 47.1%) oesophageal can-
cer (Figure 3, p<0.05). The univariate analysis demonstrated
that the high expression levels of MDM2 (DFS, p=0.003;
OS, p=0.001) or p53 (DFS, p=0.005; OS, p=0.001) and
MDM2 (DFS, p=0.010; OS, p=0.002) or p53 (DFS,

Table 2 Association of the Expression of MDM2, p53 and Clinicopathologic Parameters in 157 Patients with Esophageal

Squamous Cell Carcinoma

Clinicopathologic Parameters Case MDM2 Expression (%) p53 Expression (%)
Low High p value Low High p value
Age(Years)
<62 84 35 (41.7) 49(58.3) 0.550 44(52.4) 40(47.6) 0.370
>62 73 27 (37.0) 46 (63.0) 33(45.2) 40 (54.8)
Gender
Male 125 45 (36.0) 80 (64.0) 0.077 59 (47.2) 66 (52.8) 0.361
Female 32 17 (53.1) 15 (46.9) 18 (56.3) 14 (48.7)
Histological grade
Grade | 48 19 (39.6) 29 (60.4) 0.996 25 (52.1) 23 (47.9) 0.880
Grade 2 69 27 (39.1) 42 (60.9) 33 (47.8) 36 (52.2)
Grade 3 40 16 (40.0) 24 (60.0) 19 (47.5) 21 (52.5)
Pathological Tumor (T) Status
TI-2 33 Il (33.3) 22 (66.7) 0416 14 (42.4) 19 (57.6) 0.392
T34 124 51 (41.1) 73 (58.9) 63 (50.8) 61 (49.2)
Pathological Node (N) Status
NO 84 39 (46.4) 45 (53.6) 0.056 50 (64.9) 34 (42.5) 0.005
NI-3 73 23 (31.5) 50 (68.5) 27 (35.1) 46 (57.5)
Pathological metastasis (M) Status
MO 135 58 (43.0) 77 (57.0) 0.027 72 (53.3) 63 (46.7) 0.008
MI 22 4 (18.2) 18 (81.8) 5(22.7) 17 (77.3)
Clinical stage
=l 83 38 (45.8) 45 (54.2) 0.088 50 (64.9) 33 (41.3) 0.003
n-1v 74 24 (324) 50 (67.6) 27 (35.1) 47 (58.8)

Notes: Pearson’s X test and Fisher’s X* test were used in Table 2. TNM denotes tumor-node-metastasis; bold indicate statistically significant (p<0.05).
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Figure 2 Kaplan—Meier survival analysis in 157 patients with OSCC. (A) Disease-free survival (DFS) and (B) overall survival (OS) curves for patients according the MDM2
protein expression level; (C) DFS and (D) OS curves for patients according to the p53 protein expression level.

p=0.004; OS, p=0.003) in tumour cells were significantly
correlated with DFS and OS in stage I-II and stage III-IV
patients with OSCC, as shown in Table 3. The expression of
MDM2 (DFS, p=0.040; OS, p=0.032) in tumour cells in
stage I-II was an independent predictor of DFS and OS
according to the multivariate Cox analysis in Table 4. The
expression of MDM2 (OS, p= 0.038) in tumour cells in
stage III-IV was an independent predictor of OS, but there
was no association with the expression of p53 in tumour
cells in stage I-1I and III-IV patients with OSCC.

The Correlation of the Combined
Expression Levels of MDM2 and p53 in

Diverse Cell Populations and Patient Survival
In this study, Pearson correlation coefficient and linear
regression analyses were used to reveal the relationship

between MDM?2 and p53. The expression level of MDM?2
in oesophageal cancer tissue was positively correlated with
the expression of p53 (p<0.001, R = 0.414, Figure 4A).
Compared with patients with high expression of only
MDM2 or p53 or low expression of both MDM2 and
p53, patients with high expression of both MDM?2 and
p53 had a worse prognosis, and the DFS and OS times
were significantly shortened (p<0.001, p<0.001, Figure 4B
and C). Multivariate Cox analysis showed that the com-
bined expression of MDM2 and p53 was an independent
predictor of DFS and OS (Table 3).

Amplification of MDM2 in OSCC

High MDM2 expression and MDM?2 amplification were
detected in 18 tissue samples (18.9%) (Figure 1G and H).
X?  analysis

showed that there was a significant
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Table 3 Univariate Cox Regression Analysis for Disease-Free Survival and Overall Survival in Patients with Esophageal Squamous Cell

Carcinoma

Factors Disease-Free Survival Overall Survival
HR (95% CI) p value* HR (95% CI) p value*

MDM2 and p53 expression in tumor cells (n = 157)
Age, years (£62/>62) 0.790 (0.546—1.145) 0.213 0.843 (0.584-1.217) 0.363
Gender (male/female) 0.451 (0.265-0.768) 0.003 0.398 (0.231-0.686) 0.001
WHO Grade (1/2/3) 1.310 (1.023-1.676) 0.032 1.276 (0.999-1.629) 0.051
Tumor (T) status (1-2/3—4) 1.253 (0.786—1.997) 0.343 1.205 (0.757-1.919) 0.432
Nodal (N) status (0/1-3) 2.372 (1.628-3.454) <0.001 2311 (1.591-3.357) <0.001
Metastasis (M) status (0/1) 1.979 (1.228-3.191) 0.005 1.885 (1.160-3.065) 0.011
Clinical stage (I-I/1II-1V) 2.851 (1.9434.183) <0.001 2,661 (1.823-3.822) 0.001
MDM2 in tumor cells (low/high) 2.547 (1.695-3.827) <0.001 2.818 (1.874-4.238) <0.001
p53 in tumor cells (low/high) 2.566 (1.747-3.770) <0.001 2.805 (1.911-4.119) <0.001
MDM2 and p53 expression in stage |-l (n = 83)
Age, years (£62/>62) 0.694 (0.393-1.226) 0.209 0.808 (0.463—1.411) 0.453
Gender (male/female) 0.435 (0.202-0.937) 0.033 0.371 (0.166-0.826) 0.015
WHO Grade (1/2/3) 1.424 (0.966—-2.098) 0.074 1.440 (0.984-2.107) 0.061
Tumor (T) status (1-2/3—4) 1.128 (0.614-2.073) 0.699 1.089 (0.594-1.995) 0.783
Nodal (N) status (0/1-3) 1.219 (0.517-2.872) 0.651 1.167 (0.497-2.745) 0.723
Metastasis (M) status (0/1) 27.338 (2.844-262.790) 0.004 41.04 (3.718-452.186) 0.002
MDM2 in tumor cells (low/high) 2.444 (1.3514.421) 0.003 2.677 (1.484-4.830) 0.001
p53 in tumor cells (low/high) 2.243 (1.272-3.956) 0.005 2.600 (1.485—4.552) 0.001
MDM?2 and p53 expression in stage llII-IV (n = 74)
Age, years (<62/>62) 0.894 (0.550-1.453) 0.651 0.902 (0.555-1.466) 0.677
Gender (male/female) 0.495 (0.236-1.039) 0.063 0.441 (0.210-0.927) 0.031
WHO Grade (1/2/3) 1.049 (0.770-1.428) 0.762 1.018 (0.747-1.386) 0911
Tumor (T) status (1-2/3-4) 0.377 (0.166-0.854) 0.019 0.429 (0.191-0.963) 0.040
Nodal (N) status (0/1-3) 1.424 (0.648-3.128) 0.379 1.597 (0.687-3.710) 0.227
Metastasis (M) status (0/1) 1.052 (0.625-1.773) 0.848 1.042 (0.615-1.765) 0.878
MDM2 in tumor cells (low/high) 2.112 (1.196-3.730) 0.010 2.504 (1.407—4.456) 0.002
p53 in tumor cells (low/high) 2.191 (1.285-3.736) 0.004 2.278 (1.332-3.895) 0.003

Notes: *Univariate analysis, Bold values indicate statistically significant (p<0.05); bold italics values indicate significant differences (p<0.001).
Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval.

relationship between high MDM2 expression and MDM?2
amplification (p=0.015, Table 5). The results showed that
high MDM2 expression was significantly correlated with

MDM?2 amplification.

Discussion

Various aetiological mechanisms and abnormal apoptosis
mechanisms are important causes of tumorigenesis.’®
Among them, the well-known tumour suppressor gene
p53 and its related negative regulator MDM2 play critical
roles in the occurrence and progression of cancer.”’ The
expression of MDM2 is upregulated in tumours, which
leads to loss of p53 activity by controlling p53

transcriptional activity, protein stability and nuclear loca-
lization and causes cell apoptosis and cell cycle
disorders." Studies have shown that 9% of OSCC patients
have increased MDM?2 copy numbers, and changes in
MDM2 are associated with poor prognosis.’® As
a common molecular target in the diagnosis and treatment
of oesophageal squamous cell carcinoma, the expression
of the p53 protein is related to the survival time of
patients.’! Therefore, p53 is considered to be an important
biomarker to predict the prognosis and survival of
OSCC.>> MDM2 and p53 play important roles in the
clinical diagnosis, treatment and prognosis of oesophageal

cancer.>*** In addition, MDM2 and p53 have become two
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Table 4 Multivariate Cox Regression Analysis for Disease-Free Survival and Overall Survival in Patients with Esophageal Squamous

Cell Carcinoma

Factors Disease-Free Survival Overall Survival

HR (95% CI) p value** HR (95% CI) p value**
MDM2 and p53 expression in tumor cells (n = 157)
Gender (male/female) 0.524 (0.305-0.901) 0.019 0.465 (0.263-0.790) 0.005
WHO Grade (1/2/3) 1.164 (0.908-1.492) 0.231
Nodal (N) status (0/1-3) 1.148 (0.626-2.105) 0.656 1.231 (0.666-2.227) 0.507
Metastasis (M) status (0/1) 0.761 (0.438-1.321) 0.332 0.713 (0.409-1.241) 0.231
Clinical stage (I-lI/1lI-1V) 2.265 (1.184-4.332) 0.013 2.124 (1.104-4.088) 0.024
MDM2 in tumor cells (low/high) 1.887 (1.226-2.905) 0.015 1.923 (1.216-3.040) 0.005
p53 in tumor cells (low/high) 1.321 (0.850-2.053) 0.004 2.068 (1.340-3.194) 0.001
MDM2 and p53 expression in stage |-l (n = 83)
Gender (male/female) 0.482 (0.222-1.046) 0.065 0.423 (0.188-0.950) 0.037
Metastasis (M) status (0/1) 15.150 (1.554-147.687) 0.019 21.147 (1.897-235.716) 0.013
MDM2 in tumor cells (low/high) 1.964 (1.030-3.745) 0.040 2.023 (1.063-3.849) 0.032
p53 in tumor cells (low/high) 1.585 (0.852-2.950) 0.146 1.806 (0.978-3.336) 0.059
MDM2 and p53 expression in stage llI-IV (n = 74)
Tumor (T) status (1-2/3—4) 0.491 (0.214-1.129) 0.094 0.568 (0.250-1.289) 0.176
MDM2 in tumor cells (low/high) 1.621 (0.864-3.042) 0.132 1.964 (1.039-3.711) 0.038
p53 in tumor cells (low/high) 1.681 (0.924-3.058) 0.089 1.631 (0.893-2.978) 0.111

Notes: **Cox proportional hazards model, p<0.05 considered as statistically significant; bold values indicate statistically significant (p<0.05).

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval.

important diagnostics of clinical molecular biomarkers for
oesophageal cancer. Inhibiting the interaction of MDM2
and p53 may become a new tumour treatment strategy.
Currently, some small molecule drugs targeting MDM2-
pS53 have entered the clinical trial stage, and these drugs
can restore p53 antitumour activity by blocking the
MDM2-p53
tumours.”’

interaction in solid and haematologic

In this study, we found that p53 expression increased in
tumour tissues of OSCC patients. Through the analysis of
clinical case data, we found that the expression of p53 was
related to the occurrence of oesophageal cancer, with higher
p53 expression being correlated with worse differentiation of
oesophageal cancer tissue. The survival data of OSCC
patients showed that the high expression of p53 was nega-
tively correlated with the survival time of patients and posi-
tively correlated with tumour recurrence. In addition, our
research found that the expression of MDM2 in OSCC
samples was similar to that in gastric cancer, colorectal
cancer, liver cancer, ovarian cancer and pancreatic
cancer’® ** and other diseases. The rate of positive detection
of the MDM2 protein in 157 OSCC specimens was signifi-

cantly higher than that in normal tissues adjacent to cancer.

In this context, we examined the expression patterns of
MDM?2 and p53 in tumour tissues from 157 patients to
determine the predictive value of MDM2 and p53 in
different stages of OSCC. We found that the MDM?2
protein expression rate in stage I-II OSCC was 61.4%,
while that in stage III and IV OSCC was 67.6%, which
was similar between the two groups.This suggests that the
expression levels of MDM2 and p53 in stage III-IV OSCC
are higher than those in stage I-II OSCC and that high
expression of MDM2 and p53 may be closely related to
increased malignancy and poor prognosis.

Considering the upregulation of MDM?2 protein expres-
sion in OSCC, we used FISH to determine the amplifica-
tion of MDM2. Studies that DNA
amplification may be one of the reasons for the high

have shown
expression of MDM2. However, some patients showed
upregulation of the MDM2 protein without DNA amplifi-
cation, indicating that the expression of MDM2 can be
regulated by gene amplification as well as by molecular
mechanisms, such as transcriptional regulation and post-
transcriptional events.

This study has several limitations. We did not test for
p53 mutations in the samples. The immunohistochemical
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Figure 3 Kaplan-Meier survival analysis in stage I-Il and IlI-IV patients with OSCC. Disease-free survival and overall survival curves for stage |I-Il OSCC patients with low
and high expression levels of MDM2 (A and B) and p53 (C and D). Disease-free survival and overall survival curves for stage lll-IV OSCC patients with low and high

expression levels of MDM2 (E and F) and p53 (G and H).

detection of p53 is recognized by most researchers as

a common detection method, which reflects the potential

TP53 mutation status of tumours.>>*® However, there is

a difference between the overexpression of p53 and the

mutation of TP53 in some tumours. Therefore, we did
not detect the mutation status of p53 in the samples. On
the other hand, due to the lack of fresh tissue specimens,

we could not more accurately sequence the specimens.
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Figure 4 Correlation analysis between MDM2 and p53 expression in different cell populations and survival curves for OSCC patients according to their expression levels of
MDM2 and p53 in tumour cells. (A) The expression levels of MDM2 and p53 in tumour cells were significantly positively correlated (p<0.001, R=0.414). (B and C) Disease-
free survival and overall survival curves for patients according to the combined low, single high and combined high expression levels of MDM2 and p53 in tumour cells.

This

study, and selection bias should be considered. The

study

was

a  single-centre  retrospective  the role of these two genes in oesophageal cancer in cell

mechanism of action of p53 and MDM2 genes has

not yet been explored. Therefore, we will further verify

and animal models in future studies to verify our findings.

In conclusion, our research shows that the amplifica-

tion rate of the high MDM2 expression group is higher

Table 5 Association Between MDM2 Expression and Amplification in Patients with Esophageal Squamous Cell

Carcinoma
Case MDM2 Amplification MDM2 Expression p value
Low High
(n = 62, Percent) (n =95, Percent)
136 No 59(95.2) 77(81.1) 0.015
21 Yes 3(4.8) 18(18.9)

Notes: Chi-square test was used in Table 5; p<0.05 considered as statistically significant; bold values indicate statistically significant (p<0.05).
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than that of the low expression group, and there is a strong
correlation between MDM?2 amplification and increased
MDM?2 expression. In addition, MDM2 and p53 can be
used as independent risk factors for evaluating the prog-
nosis of OSCC. Co-expression of the MDM?2 protein and
p53 represents a new prognostic hierarchical structure that
can better assess the malignancy and prognosis of OSCC.
As a country with a very high incidence of OSCC, China
urgently needs to achieve a higher early diagnosis rate of
OSCC and effectively predict the disease progression and
prognosis of patients with OSCC. Therefore, the discovery
of more effective and convenient OSCC tumour markers has
great clinical significance. In summary, our research indi-
cates that MDM?2 and p53, as important potential predictors
of OSCC recurrence and prognosis, have important guiding
significance for clinical diagnosis and treatment.
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