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Abstract: Objective: To investigate the correlation of Rb and P53 with the prognosis of patients with esophageal 
carcinoma (EC). Methods: EC and corresponding adjacent tissues were collected from 51 patients who underwent 
EC surgery from February 2012 to February 2014 in Zhejiang Sian International Hospital. The expression levels 
of Rb and p53 in cancerous and adjacent tissues were measured by RT-PCR. Kaplan-Meier method and Log-rank 
test were employed to analyze the survival of patients. Cox regression model was applied to analyze the risk and 
prognostic factors of survival and prognosis of patients with EC. Results: EC tissues presented remarkably lower Rb 
and P53 levels compared with adjacent tissues (P<0.05). The Rb expression in EC tissues was related to differentia-
tion degree and TNM staging (P<0.05). While apart from differentiation degree and TNM staging, the expression of 
P53 was also associated with lymph node metastasis (LNM). Kaplan-Meier revealed that the 5-year overall survival 
(OS) of Rb and P53 high-expression groups was dramatically higher than that of the corresponding low-expression 
groups (P<0.05). Cox regression analysis confirmed that Rb and P53 were independent risk factors affecting the 
prognosis of EC patients (P<0.05). Conclusion: Rb and P53 were lowly expressed in EC tissues and may be indepen-
dent risk factors for predicting the prognosis of EC patients.
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Introduction

Esophageal carcinoma (EC) is a malignant 
tumor worldwide, ranking the sixth cause of 
death from malignant tumors [1]. Among them, 
esophageal squamous cell carcinoma (ESCC) is 
the most common type of EC in China, and is 
the 4th leading cause of death from malignant 
tumors [2]. With the improvement of socio-eco-
nomic status, lifestyle and medical standards, 
the morbidity and mortality of EC in China have 
been decreasing year by year, but the 5-year 
survival rate of patients is still overwhelmingly 
low, which is a treatment challenge at present 
[3, 4]. Therefore, finding molecular mechanisms 
in the development of EC is of great significance 
for clinical treatment and improvement of prog-
nosis in patients [5].

The occurrence of EC is a multi-factor and mu- 
lti-step process. At present, the discovery and 
presentation of various oncogenes and tumor 
suppressor genes have partially elucidated  
the mechanisms of tumorigenesis, and these 
research results are expected to point out new 
directions for tumor therapy [6, 7]. Located  
on the long arm of human chromosome 13 
(13q14.2), retinoblastoma (Rb) gene is the first 
discovered tumor suppressor gene in human 
that is found to be directly or indirectly inacti-
vated in almost all human tumor cells [8, 9]. 
Studies have shown that Rb functional deficien-
cy is closely related to the development of the 
tumors [10]. While P53 gene is the most com-
monly involved tumor suppressor gene in 
human tumors. p53-centered regulatory net-
work exerts marked effects on sustaining the 
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normal state of cells and cell destiny, and its 
mediated cell signal transduction is involved in 
the process of tumor cell apoptosis, inhibition 
of angiogenesis, and arrest of cell cycle [11, 
12]. Lv et al. [13] showed that MEG3 could acti-
vate p53 and predict the prognosis of ESCC, 
suggesting that p53 played an important role in 
the occurrence of EC.

As tumor suppressor genes, Rb and p53 genes 
are implicated in the regulation of tumor prolif-
eration cell cycle [14, 15]. However, little 
research has been conducted to explore the 
correlation of their expression levels with sur-
vival and prognosis of EC patients. Therefore, 
by observing the expression levels of Rb and 
P53 in patients with EC, this study analyzed the 
correlation of their expression levels with the 
clinicopathological characteristics and progno-
sis of EC patients, so as to provide clinical 
references.

Materials and methods

General information

Paired EC and adjacent tissues were obtained 
from 51 patients who underwent EC surgery  
in Zhejiang Sian International Hospital from 
February 2012 to February 2014. Among the 
patients, there were 37 males and 24 females, 
aged 33-71 years, with an average age of 
47.21±10.56 years. This study was approved 
by the Medical Ethics Committee of Zhejiang 
Sian International Hospital, and written infor- 
med consent was obtained from each patient. 
Inclusion criteria: All EC patients had not 
received chemoradiotherapy or other tumor 
treatment before surgery, and were confirmed 
as ESCC by pathological examination after sur-
gery, with complete medical records. Exclusion 
criteria: Patients with autoimmune diseases, 
liver or kidney dysfunction; Patients with malig-
nant tumors in other parts; Patients with trau-
ma, surgery or severe infections within the last 
3 months; Patients with a history or family his-

tory of mental illness; Patients in pregnancy or 
lactation; Patients with cardiac insufficiency; 
Patients with clinical data insufficiency.

Main instruments and reagents

ABI7500 real-time PCR instrument (Thermo- 
Fisher, 4351104); Total RNA extraction kit 
(Trizol method) (Chundu Biotechnology Co., 
Ltd., Wuhan, China, CD-13433); M-MLV re- 
verse transcription kit (Shengke Boyuan 
Biotechnology Co., Ltd., Beijing, China, RTP50);  
UV spectrophotometer (Eppendorf, Germany, 
6135000041); qReal-timePRC kit (Ziker Bio- 
logical Technology Co., Ltd., Shenzhen, China, 
BIV-M1182-100); SYBR Green qPCR Master 
Mix kit (Kemin Biotechnology Co., Ltd., Shang- 
hai, China, DXT-ST600548). The internal refer-
ence primers of Rb, P53 and GAPDH, which 
were detailed in Table 1, were synthesized by 
Shanghai Biotech Biotechnology Co., Ltd. 

PCR detection

The tissues stored at -80°C were taken out, 
added with Trizol reagent, and placed at room 
temperature for 30 min after shaking. After full 
lysis, samples of EC tissues were taken out, of 
which 200 mg was cut and put into liquid nitro-
gen, and then quickly and fully ground for later 
use. After that, the total RNA of the tissues was 
extracted with Trizol reagent and dissolved in 
20 μL DEPC water before it was reversely-tran-
scribed into cDN using a reverse transcription 
kit. Reaction system: M-MLV: 1 μl, Olig (dT): 1 
μl, RNase inhibitor: 0.5 μl, dNTPs: 1 μl, and 
RNAse free water was filled to make up to 15 μl. 
Then it was incubated at 38°C for 60 min. With 
cDNA as the template, quantitative PCR was 
performed according to the instructions of fluo-
rescence quantitative PCR. The reaction condi-
tions were as follows: 94°C/10 min, 94°C/30 s, 
60°C/30 s, 72°C/40 s, cycling 40 times, and 
then it was extended at 72°C for 10 min. U6 
was set as the internal reference control gene, 

Table 1. Sequence of Rb, P53 and their internal reference primers
Gene Forward primer Reverse primer
Rb 5’-CAGGACAGCGGCCCGGAG-3’ 5’-CTGC AGACGCTCCGCCGT-3’
P53 5’-TGCCAGCAGTGACAGCAGCA-3’ 5’-TACGGAGGTGGAGTGCCAT-3’
GAPDH 5’-CCTCAGCATCTTATCCGAGTGG-3’ 5’-TGGATGGTGGTACAGTCAGAGC-3’
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and the relative expression level of Rb and P53 
was calculated using the 2-ΔΔCt method.

Western blot detection of p53 and Rb protein 
expression in esophageal carcinoma

Proteins were extracted using MPERTM mam-
malian protein extraction kit (Pierce). Then 40 
μg of total cell protein samples were taken for 
SDS-PAGE electrophoresis and transferred to a 
nitrocellulose membrane. After being sealed at 
room temperature for 2 hours, the cells were 
rinsed with TBST buffer for 3 times, and then 
incubated with the above-mentioned p53 and 
p16 first antibody working solutions at 4°C 
overnight. Next, it was rinsed three times with 
TBST, added with horseradish peroxidase-
labeled secondary antibody, and incubated  
at room temperature for 2 h. Finally, after the  
self-development of the chemiluminescence 
enhancing reagent, the X-ray film in the dark-
room was photographed and imaged. Finally, 
the membrane was developed with chemilumi-
nescence enhancement reagent, and the pho-
tographic image was obtained by X-ray film in 
the darkroom.

Follow-up

Follow-up was conducted by phone or visit. The 
survival period was counted from the date of 
diagnosis to death or February 30, 2019, which 
was the end of follow-up. The overall survival 
time was from the time of diagnosis of NSCLC 
to the time of death from any disease, the last 
follow-up, or the observation deadline. The sur-
vival period was recorded in months, and the 
end event was determined as death.

Statistical analysis

Data analysis was performed by SPSS22 
(IBMCorp, Armonk, NY, USA). The measurement 
data were expressed as x ± SD and tested by 
two independent samples. The counting data 

expression. The average of continuous mea-
surement data was taken as the division point, 
and the dichotomous transformation was car-
ried out. The selected factor data were quanti-
tatively assigned according to the same stan-
dard, with the survival of patients as the depen-
dent variable, and age, tumor diameter, tumor 
site, lymph node metastasis and TNM staging 
as the independent variables. P<0.05 was con-
sidered as a statistically significant difference.

Results

Expression of Rb and P53 in EC and adjacent 
tissues

As indicated by qRT-PCR, the expression levels 
of Rb and P53 in EC tissues were notably lower 
than those in adjacent tissues (P<0.05) (Table 
2; Figure 1).

Rb and P53 protein expression in EC

Western blot results showed that Rb and P53 
protein levels in EC tissues were significantly 
lower than those in adjacent tissues (P<0.05) 
(Figure 2).

Correlation of Rb and P53 with the clinicopath-
ological characteristics of EC patients

The expression of Rb in EC was correlated with 
differentiation degree and TNM staging (P< 
0.05), but was not associated with gender, age, 
tumor length or tumor diameter (cm), tumor site 
or LNM (P>0.05). While the expression of P53 
was related to differentiation degree, LNM and 
TNM staging (P<0.05), but was not related to 
gender, age, or tumor site (P>0.05) (Table 3).

Survival of EC patients

According to the median value of Rb and p53, 
the EC patients were divided into the Rb high-
expression group (P≥0.918) with 26 cases, the 

Table 2. Expression of Rb and P53 in esophageal 
and adjacent tissues (x ± sd)
Groups n Rb P53
EC tissues 51 0.912±0.087 1.014±0.213
Adjacent normal tissues 51 1.337±0.092 1.146±0.134
t - 23.97 3.746
P - <0.001 <0.001

were described by the number/percentage 
[n (%)] and analyzed by chi-square test. 
Kaplan-Meier method and Log-rank test 
were applied to analyze the survival of 
patients, and COX regression was used to 
analyze the relationship between patients’ 
survival and gender, degree of differentia-
tion, age, tumor diameter, tumor site, lymph 
node metastasis, TNM staging, Rb and p53 
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Rb low-expression group with 25 cases (P< 
0.918), the P53 high-expression group with 26 
cases (P≥1.041), and the P53 low-expression 
group with 25 cases (P<1.041). The patients 

were followed up by telephone, review and let-
ter for 5 years. It was found that the 5-year OS 
of the Rb high-expression group was 38.46% 
(10/26), while that of the Rb low-expression 
group was 16.00% (4/25). The 5-year OS in the 
P53 high-expression group was 34.62% (9/26), 
while that in the P53 low-expression group was 
20.00% (5/25). From the above data, it was 
obvious that the 5-year OS of the Rb and P53 
high expression groups was dramatically supe-
rior to that of the corresponding low expression 
groups (P<0.05) (Figure 3).

Univariate analysis of factors influencing the 
prognosis of EC patients

Univariate analysis revealed that differentiation 
degree, tumor diameter, LNM, TNM staging, Rb 
and p53 were related to the survival time of EC 
patients (Table 4).

Multivariate analysis of factors influencing the 
prognosis of EC patients

We included the indexes with differences in uni-
variate analysis into the assignment (see Table 
5 for the assignment table). Multivariate Cox 
proportional hazard regression model analysis 
demonstrated that LNM, TNM staging, Rb and 
p53 expression were independent risk factors 
influencing the prognosis of EC patients (P< 
0.05) (Table 6).

Figure 1. Expression of Rb and P53 in EC and adjacent tissues. QRT-PCR results showed that the expression levels 
of Rb and P53 in EC tissues were significantly lower than those in adjacent tissues (P<0.05). * indicated P<0.05 
compared with the adjacent tissues.

Figure 2. Protein expression of Rb and P53 in esoph-
ageal carcinoma. Western blot results showed that 
the protein levels of Rb and P53 in esophageal car-
cinoma tissues were significantly lower than those in 
adjacent tissues (P<0.05).
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Discussion

Esophageal carcinoma (EC) is one of the six 
most prevalent malignant tumors in the world. 
Its occurrence and development is a mul- 
ti-step, multi-factor and multi-gene process, 

which involves the acquisition or deletion of 
multiple alleles, activation of proto-oncogenes, 
loss of function of tumor suppressor genes and 
changes in the expression of downstream pro-
tein products [16-18]. However, its specific 
pathogenesis remains poorly understood [19].

Table 3. Corrrelation between Rb and P53 and the clinicopathological characteristics of EC patients 
(x ± sd)
Clinicopathological characteristics n Rb (n=51) t/F value P value P53 (n=51) t/F value P value
Gender      0.725 0.4711
    Male 37 0.902±0.065 1.392 0.169 0.987±0.249  
    Female 24 0.931±0.098   1.032±0.216  
Age   1.373 0.176  0.504 0.6165
    <60 34 0.895±0.069   1.007±0.251  
    ≥60 17 0.927±0.095   1.043±0.217  
Differentiation degree   3.579 0.036  17.030 <0.01
    High differentiation 9 0.953±0.062   1.306±0.216  
    Moderate differentiation  19 0.944±0.107   1.257±0.192  
    Low differentiation 23 0.873±0.102   0.944±0.203  
Tumor diameter (cm)   0.846 0.436  1.708 0.1921
    ≤3 23 0.904±0.068   1.005±0.191  
    3-7 25 0.931±0.082   1.118±0.237  
    ≥7 3 0.899±0.083   1.012±0.23  
Tumor site   0.829 0.443  2.27 0.114 
    Upper 12 0.917±0.084   0.988±0.208  
    Middle 24 0.923±0.118   1.105±0.174  
    Lower  15 0.882±0.074   0.994±0.201  
LNM   1.983 0.053   <0.01
    Yes 11 0.879±0.08   0.96±0.273  
    No 40 0.939±0.091   1.171±0.204  
TNM staging   4.383 <0.01  3.383 <0.01
    I+II 37 0.957±0.068   1.186±0.211  
    III 14 0.862±0.072 0.902±0.173

Figure 3. Relationship between the expression levels of Rb and P53 in EC and the survival time of patients.
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Initially found in retinoblastoma, RB gene is 
also closely related to EC, soft tissue sarcoma, 
small cell lung cancer and so on [20-22]. In 
mammalian cell lines, Rb gene acts as the cen-
tral regulator in the process of cell cycle. The 
encoded RB protein, together with the structur-
ally and functionally related P107 and P130 
proteins, constitute the lactoprotein family, 
which can inhibit the activity of E2F transcrip-
tion factor and thus stop cells in G1 phase, 
thereby playing a tumor inhibition role [23]. 
While P53 is a newly discovered multiple tumor 
suppressor gene located on the short arm of 
human chromosome 17 and is a typical tumor 
suppressor gene. It participates in the process 

occurrence and progression of EC, but they had 
not explored the relationship between the two 
and the prognosis of EC.

In addition to the common clinical indicators 
such as LNM and clinical stage, molecular 
pathological studies demonstrated that the dis-
order and abnormal expression of various 
genes and proteins, such as p27 and HIF, were 
closely associated with the occurrence, prolif-
eration, invasion and metastasis of EC, and 
were important factors affecting the prognosis 
of EC patients [28, 29]. Therefore, we discussed 
the correlation of the expression levels of P53 
and RB with the prognosis of patients and other 

Table 4. Univariate analysis of factors influencing the prognosis 
of EC patients (x ± SD)

Clinicopathological features n Median survival  
time (months) t value P value

Gender   1.509 0.137
    Male 37 38.23±4.51   
    Female 24 39.92±3.87   
Age   0.776 0.442
    <60 34 39.67±5.42   
    ≥60 17 38.45±5.02   
Differentiation degree   3.524 0.037
    High differentiation 9 41.13±3.52   
    Moderate differentiation 19 39.41±3.18   
    Low differentiation 23 37.54±3.97   
Tumor diameter (cm)   10.560 <0.01
    ≤3 23 41.35±3.64   
    3-7 25 38.26±3.45   
    ≥7 3 32.13±5.21   
Tumor site   1.355 0.268
    Upper 12 41.24±3.21   
    Middle 24 39.45±3.06   
    Lower 15 39.23±4.23   
LNM   3.518 <0.01
    Yes 11 36.42±2.89   
    No 40 40.19±3.21   
TNM staging   4.990 <0.01
    I+II 37 41.59±4.17   
    III 14 34.26±5.87   
Rb   2.216 0.031
    Rb high expression 26 41.27±5.16   
    Rb lower expression 25 38.25±4.54   
P53   2.069 0.044
    P53 high expression 26 41.77±4.62   
    P53 low expression 25 39.27±3.97   

of cell proliferation and differenti-
ation, which can block the cell 
cycle in G1/G2 phase, regulate 
and induce cell apoptosis, and 
function as a tumor suppressor 
gene. Its expression product is 
P53 protein, which can inhibit the 
division of cells with DNA dam- 
age and chromosome aberration, 
thereby preventing the transmis-
sion of aberrations to daughter 
cells [24]. In current study, we 
comparatively analyzed Rb and 
P53 expression levels in EC and 
adjacent tissues. The results ex- 
hibited that the expression levels 
of Rb and P53 in EC tissues were 
markedly lower than those in 
adjacent tissues (P<0.05), indi-
cating that Rb and P53 may be 
related to the occurrence and 
development of EC. Previous stu- 
dies have demonstrated that Rb 
and P53 are related to EC. For 
example, Davelaa et al. [25] re- 
vealed that phosphorylation of 
S795 residues in RB protein was 
enhanced. In the study of Wang et 
al. [26], it was found that p53 was 
activated and down-regulated by 
long non-coding RNA maternal 
gene 3 in ESCC. Another study 
conducted by Kochi et al. [27] 
exhibited that the p53 (S-P53-AB) 
titer of serum antibodies was of 
great significance in monitoring 
locally advanced ESCC after sur-
gery. All these suggest that RB 
and P53 may participate in the 
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factors affecting their prognosis. A five-year OS 
study of EC patients revealed that the 5-year 
OS of the Rb high expression group was 38.46% 
(10/26), and that of the Rb low expression 
group was 16.00% (4/25), which indicated that 
the 5-year OS in the Rb high expression group 
was markedly higher than that of the Rb low 
expression group (P<0.05). In addition, the 
5-year OS in the P53 high expression group 
(34.62%, 9/26) was remarkably higher than 
that of the P53 low expression group (20.00%, 
5/25) (P<0.05). The above results indicated 
that the expression levels of Rb and P53 were 
related to the survival of patients. Then univari-
ate analysis displayed that differentiation 
degree, tumor diameter, LNM, TNM staging, Rb 
and p53 were related to the survival time of EC 
patients. Further, the indicators with differenc-
es in univariate analysis were included in the 
assignment for multivariate Cox proportional 
hazard regression model analysis, which vali-
dated that TNM staging, LNM, Rb and p53 
expression were indeed the independent risk 
factors influencing the prognosis of EC patients. 
All the above findings confirmed that Rb and 
p53 can be used as clinical indexes to evaluate 
the prognosis of patients with EC. Therefore, we 
can preliminarily conclude that Rb and p53 may 
play an important part in the occurrence, devel-
opment and prognosis of EC.

Although the present study comparatively ana-
lyzed the expression levels of RB and P53 in EC 

In summary, RB and P53 present low expres-
sion in EC tissues and are expected to be inde-
pendent risk factors for predicting the progno-
sis of EC patients. 

Disclosure of conflict of interest

None.

Address correspondence to: Xueying Tian, Depart- 
ment of Gastroenterology, Dongying Shengli Hos- 
pital, No. 107, Beier Road, Dongying District, Dong- 
ying 257055, Shandong Province, China. E-mail: 
panjue34064853@163.com

References 

[1]	 Global Burden of Disease Cancer Collabora-
tion, Fitzmaurice C, Akinyemiju TF, Al Lami FH, 
Alam T, Alizadeh-Navaei R, Allen C, Alsharif U, 
Alvis-Guzman N, Amini E, Anderson BO, Aremu 
O, Artaman A, Asgedom SW, Assadi R, Atey TM, 
Avila-Burgos L, Awasthi A, Ba Saleem HO, 
Barac A, Bennett JR, Bensenor IM, Bhakta N, 
Brenner H, Cahuana-Hurtado L, Castaneda-
Orjuela CA, Catala-Lopez F, Choi JJ, Christopher 
DJ, Chung SC, Curado MP, Dandona L, Dando-
na R, das Neves J, Dey S, Dharmaratne SD, 
Doku DT, Driscoll TR, Dubey M, Ebrahimi H, 
Edessa D, El-Khatib Z, Endries AY, Fischer F, 
Force LM, Foreman KJ, Gebrehiwot SW, Gopal-
ani SV, Grosso G, Gupta R, Gyawali B, Hama-
deh RR, Hamidi S, Harvey J, Hassen HY, Hay 
RJ, Hay SI, Heibati B, Hiluf MK, Horita N, Hos-
good HD, Ilesanmi OS, Innos K, Islami F, Jakov-

Table 5. Assignment table
Factors Assignments
Differentiation degree Low differentiation =0, moderate differentiation =1, high differentiation =2
Tumor diameter ≤3=0, 3-7=1, ≥7=2
LNM Yes =1, no =0
TNM staging I+II =1, III =0
Rb High expression =1, low expression =0
P53 High expression =1, low expression =0
Survival Death =1, survival =0

Table 6. Multivariate analysis of factors influencing the prog-
nosis of EC patients

Variables β SE Wald χ2 OR (95%  
confidence interval) P value

TNM staging 1.314 0.418 7.512 3.42 (1.39-8.43) 0.008
LNM 1.283 0.269 6.343 4.13 (3.46-6.52) 0.009
Rb 1.578 0.208 12.745 4.65 (2.78-8.51) <0.01
P53 1.602 0.315 14.127 5.25 (3.87-7.92) <0.01

and adjacent tissues, confirming 
their role in prognosis, but there 
are still some deficiencies. First of 
all, the role of serum RB and p53 in 
the efficacy and prognosis of EC 
patients remains to be explored. 
Second, the regulatory mechanism 
of the two still needs to be investi-
gated. These deficiencies will be 
addressed in future studies.

mailto:panjue34064853@163.com


Expression of Rb and P53 in esophageal carcinoma

7275	 Int J Clin Exp Med 2020;13(10):7268-7276

ljevic MB, Johnson SC, Jonas JB, Kasaeian A, 
Kassa TD, Khader YS, Khan EA, Khan G, Khang 
YH, Khosravi MH, Khubchandani J, Kopec JA, 
Kumar GA, Kutz M, Lad DP, Lafranconi A, Lan 
Q, Legesse Y, Leigh J, Linn S, Lunevicius R, Ma-
jeed A, Malekzadeh R, Malta DC, Mantovani 
LG, McMahon BJ, Meier T, Melaku YA, Melku 
M, Memiah P, Mendoza W, Meretoja TJ, 
Mezgebe HB, Miller TR, Mohammed S, Mok-
dad AH, Moosazadeh M, Moraga P, Mousavi 
SM, Nangia V, Nguyen CT, Nong VM, Ogbo FA, 
Olagunju AT, Pa M, Park EK, Patel T, Pereira 
DM, Pishgar F, Postma MJ, Pourmalek F, Qor-
bani M, Rafay A, Rawaf S, Rawaf DL, Roshan-
del G, Safiri S, Salimzadeh H, Sanabria JR, 
Santric Milicevic MM, Sartorius B, Satpathy M, 
Sepanlou SG, Shackelford KA, Shaikh MA, 
Sharif-Alhoseini M, She J, Shin MJ, Shiue I, 
Shrime MG, Sinke AH, Sisay M, Sligar A, Sufi-
yan MB, Sykes BL, Tabares-Seisdedos R, Tes-
sema GA, Topor-Madry R, Tran TT, Tran BX, Uk-
waja KN, Vlassov VV, Vollset SE, Weiderpass E, 
Williams HC, Yimer NB, Yonemoto N, Younis 
MZ, Murray CJL and Naghavi M. Global, region-
al, and national cancer incidence, mortality, 
years of life lost, years lived with disability, and 
disability-adjusted life-years for 29 cancer 
groups, 1990 to 2016: a systematic analysis 
for the global burden of disease study. JAMA 
Oncol 2018; 4: 1553-1568.

[2]	 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, 
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. CA Cancer J Clin 2016; 66: 
115-132.

[3]	 Chen W, Zheng R, Zuo T, Zeng H, Zhang S and 
He J. National cancer incidence and mortality 
in China, 2012. Chin J Cancer Res 2016; 28: 
1-11.

[4]	 Domper Arnal MJ, Ferrandez Arenas A and La-
nas Arbeloa A. Esophageal cancer: risk factors, 
screening and endoscopic treatment in West-
ern and Eastern countries. World J Gastroen-
terol 2015; 21: 7933-7943.

[5]	 Shewale JB, Correa AM, Baker CM, Villafane-
Ferriol N, Hofstetter WL, Jordan VS, Kehlet H, 
Lewis KM, Mehran RJ, Summers BL, Schaub D, 
Wilks SA and Swisher SG; University of Texas 
MD Anderson Esophageal Cancer Collabora-
tive Group. Impact of a fast-track esophagec-
tomy protocol on esophageal cancer patient 
outcomes and hospital charges. Ann Surg 
2015; 261: 1114-1123.

[6]	 Sasaki Y, Tamura M, Koyama R, Nakagaki T, 
Adachi Y and Tokino T. Genomic characteriza-
tion of esophageal squamous cell carcinoma: 
insights from next-generation sequencing. 
World J Gastroenterol 2016; 22: 2284-2293.

[7]	 Stelloo E, Nout RA, Osse EM, Jurgenliemk-
Schulz IJ, Jobsen JJ, Lutgens LC, van der Steen-

Banasik EM, Nijman HW, Putter H, Bosse T, 
Creutzberg CL and Smit VT. Improved risk as-
sessment by integrating molecular and clinico-
pathological factors in early-stage endometrial 
cancer-combined analysis of the PORTEC co-
horts. Clin Cancer Res 2016; 22: 4215-4224.

[8]	 Patnaik MM, Lasho T, Howard M, Finke C, Ket-
terling RL, Al-Kali A, Pardanani A, Droin N, Gan-
gat N, Tefferi A and Solary E. Biallelic inactiva-
tion of the retinoblastoma gene results in 
transformation of chronic myelomonocytic leu-
kemia to a blastic plasmacytoid dendritic cell 
neoplasm: shared clonal origins of two aggres-
sive neoplasms. Blood Cancer J 2018; 8: 82.

[9]	 Agarwal I, Ahmad M, Igor J and Cibull T. Sub-
conjunctival herniation of fat does not demon-
strate loss of rb gene expression. Am J Derma-
topathol 2018; 40: 829-830.

[10]	 Parisi T, Bronson RT and Lees JA. Inactivation 
of the retinoblastoma gene yields a mouse 
model of malignant colorectal cancer. Onco-
gene 2015; 34: 5890-5899.

[11]	 Fischer M. Conservation and divergence of the 
p53 gene regulatory network between mice 
and humans. Oncogene 2019; 38: 4095-
4109.

[12]	 Wang K, Huang Q, Qiu F and Sui M. Non-viral 
delivery systems for the application in p53 
cancer gene therapy. Curr Med Chem 2015; 
22: 4118-4136.

[13]	 Lv D, Sun R, Yu Q and Zhang X. The long non-
coding RNA maternally expressed gene 3 acti-
vates p53 and is downregulated in esophageal 
squamous cell cancer. Tumour Biol 2016; 
[Epub ahead of print]. 

[14]	 Labrecque MP, Takhar MK, Nason R, Santa-
cruz S, Tam KJ, Massah S, Haegert A, Bell RH, 
Altamirano-Dimas M, Collins CC, Lee FJ, Pre-
fontaine GG, Cox ME and Beischlag TV. The 
retinoblastoma protein regulates hypoxia-in-
ducible genetic programs, tumor cell invasive-
ness and neuroendocrine differentiation in 
prostate cancer cells. Oncotarget 2016; 7: 
24284-24302.

[15]	 Wang Q, Zou Y, Nowotschin S, Kim SY, Li QV, 
Soh CL, Su J, Zhang C, Shu W, Xi Q, Huangfu D, 
Hadjantonakis AK and Massague J. The p53 
family coordinates wnt and nodal inputs in 
mesendodermal differentiation of embryonic 
stem cells. Cell Stem Cell 2017; 20: 70-86.

[16]	 Lin EW, Karakasheva TA, Hicks PD, Bass AJ 
and Rustgi AK. The tumor microenvironment in 
esophageal cancer. Oncogene 2016; 35: 
5337-5349.

[17]	 Malhotra GK, Yanala U, Ravipati A, Follet M, Vi-
jayakumar M and Are C. Global trends in 
esophageal cancer. J Surg Oncol 2017; 115: 
564-579.

[18]	 Song M, Yoon G, Choi JS, Kim E, Liu X, Oh HN, 
Chae JI, Lee MH and Shim JH. Janus kinase 2 



Expression of Rb and P53 in esophageal carcinoma

7276	 Int J Clin Exp Med 2020;13(10):7268-7276

inhibition by Licochalcone B suppresses 
esophageal squamous cell carcinoma growth. 
Phytother Res 2020; 34: 2032-2043.

[19]	 Tachimori Y, Ozawa S, Numasaki H, Ishihara R, 
Matsubara H, Muro K, Oyama T, Toh Y, Udaga-
wa H and Uno T; Registration Committee for 
Esophageal Cancer of the Japan Esophageal 
Society. Comprehensive registry of esophageal 
cancer in Japan, 2010. Esophagus 2017; 14: 
189-214.

[20]	 Alessio N, Capasso S, Ferone A, Di Bernardo G, 
Cipollaro M, Casale F, Peluso G, Giordano A 
and Galderisi U. Misidentified human gene 
functions with mouse models: the case of the 
retinoblastoma gene family in senescence. 
Neoplasia 2017; 19: 781-790.

[21]	 Liban TJ, Thwaites MJ, Dick FA and Rubin SM. 
Structural conservation and E2F binding speci-
ficity within the retinoblastoma pocket protein 
family. J Mol Biol 2016; 428: 3960-3971.

[22]	 Liban TJ, Medina EM, Tripathi S, Sengupta S, 
Henry RW, Buchler NE and Rubin SM. Conser-
vation and divergence of C-terminal domain 
structure in the retinoblastoma protein family. 
Proc Natl Acad Sci U S A 2017; 114: 4942-
4947.

[23]	 Kim SS, Harford JB, Moghe M, Slaughter T, 
Doherty C and Chang EH. A tumor-targeting 
nanomedicine carrying the p53 gene crosses 
the blood-brain barrier and enhances anti-
PD-1 immunotherapy in mouse models of glio-
blastoma. Int J Cancer 2019; 145: 2535-2546.

[24]	 Kaur RP, Vasudeva K, Kumar R and Munshi A. 
Role of p53 gene in breast cancer: focus on 
mutation spectrum and therapeutic strategies. 
Curr Pharm Des 2018; 24: 3566-3575.

[25]	 Davelaar AL, Straub D, Parikh KB, Lau L, Fock-
ens P and Krishnadath KK. Increased phos-
phorylation on residue S795 of the retinoblas-
toma protein in esophageal adenocarcinoma. 
Int J Oncol 2015; 47: 583-591.

[26]	 Wang PL, Liu B, Xia Y, Pan CF, Ma T and Chen 
YJ. Long non-coding RNA-low expression in tu-
mor inhibits the invasion and metastasis of 
esophageal squamous cell carcinoma by regu-
lating p53 expression. Mol Med Rep 2016; 13: 
3074-3082.

[27]	 Kochi R, Yajima S, Nanami T, Suzuki T, Oshima 
Y, Tokura N, Takatsuka J, Funahashi K, Tochigi 
N and Shimada H. Five-year postsurgical moni-
toring of serum p53 antibody for locally ad-
vanced esophageal squamous cell carcinoma. 
Clin J Gastroenterol 2018; 11: 278-281.

[28]	 Kataoka K, Takeuchi H, Mizusawa J, Igaki H, 
Ozawa S, Abe T, Nakamura K, Kato K, Ando N 
and Kitagawa Y. Prognostic impact of postop-
erative morbidity after esophagectomy for 
esophageal cancer: exploratory analysis of 
JCOG9907. Ann Surg 2017; 265: 1152-1157.

[29]	 Ping W, Sun W, Zu Y, Chen W and Fu X. Clinico-
pathological and prognostic significance of hy-
poxia-inducible factor-1alpha in esophageal 
squamous cell carcinoma: a meta-analysis. 
Tumour Biol 2014; 35: 4401-4409.


