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Abstract. Expression and clinical significance of p73 in
children with Wilms' tumor (WT) were investigated. A retrospective analysis was carried out on 50 children diagnosed
with WT in the People's Hospital of Rizhao, from July 2013
to January 2015 (study group), and 20 healthy children with
similar age and sex who received health examinations in the
same hospital during the same period (control group). The
relative expression of p73 mRNA in the peripheral blood of
each group was detected by reverse transcription‑quantitative
PCR (RT‑qPCR) in order to study the association between
p73 and the clinicopathological parameters of WT, as well as
the impact of p73 on the patient prognosis. The two groups
were not statistically different in respect to the clinical
data of patients (P>0.05); the expression level of p73 in the
blood samples of the study group was significantly higher
than that of the control group (t=11.44, P<0.01); the expression of p73 in the study group was associated with factors,
including tumor size, pathological type and lymphatic
metastasis. Considering the mean value of the expression
of p73 (3.32) as the boundary, the patients with expression
value of p73 <3.32 were studied as the low‑expression group,
and patients with expression value of p73 >3.32 comprised
the high‑expression group. At the end of the follow‑up, the
median survival time and the survival rate of the patients
in the high‑expression group were significantly lower than
those of the low‑expression group (P<0.05). The high expression of p73 in the peripheral blood of children with WT was
positively correlated with the clinical stage of the tumor, and
was closely related with the low survival rate of patients.
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Introduction
Renal carcinoma in children is rare compared with that in
adults. It has been reported that the incidence of renal carcinoma in people under the age of 20 years is <0.5%, and a great
difference exists between the renal carcinoma in children and
the renal carcinoma in adults in terms of epidemiology, clinical
manifestations, pathological type and prognosis (1). Wilms'
tumor (WT), a malignant tumor of the kidneys, is common in
children with an incidence of about seven in a million, second
only to neuroblastoma in the primary malignant solid tumor of
the abdomen in children (2). According to previous data, as a
malignant solid mixed tumor is derived from undifferentiated
post‑renal embryos, WT has a very rapid growth. Blastema
cells, immature epithelial tissues, and mesenchymal cells are
the components of tumor cells with typical lesions (3), the
pathogenesis of which is not clear yet. Therefore, searching
for specific target genes and studying the significance of their
expression in WT is of great importance.
Highly homologous to the partial sequence of p53 gene, the
p73 gene is located at 1p36.2~36.3 and has been proven to be
closely related to the occurrence and development of various
tumors with overexpression (4). Lowly expressed in normal
tissues and excessively expressed in tumor tissues, the p73
is closely related to the proliferation and migration of tumor
cells and the prognosis of patients (5). Moreover, it has unique
functions in the metabolic regulation (6), neurodevelopment
and differentiation (7), as well as the regulation of spermatogenesis and male fertility (8). Many studies have discovered
the overexpression of p73 in tumors, such as bladder, ovarian,
gastric, lung, thymic epithelial, breast, esophageal and liver
cancers (9‑11). The study by Mancini et al (12) has found that
the expression level of p73, the tumor suppressor gene, has a
certain influence on the grade and prognosis of patients with
cystic renal cell carcinoma.
Considering that there are only a few studies on the
expression of p73 in the WT in children, in the present
study the expression level of p73 mRNA in blood was
analyzed, as detected by reverse transcription‑quantitative
PCR (RT‑qPCR), to provide a theoretical basis for the clinical
targeted therapy.
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Table I. Primer sequences.
Genes

Forward primers

Reverse primers

p73
β‑actin

5'‑AGCCACTTGTCACTCAGAACAG‑3'
5'‑GATGAGATTGGCATGGCTTT‑3'

5'‑TCTTACACGAAAAACACGGATG‑3'
5'‑CACCTTCACCGTTCCAGTTT‑3'

Subjects and methods
General information. Fifty patients (29 males and 21 fema
les, aged from 13 to 65 months) diagnosed with WT in
the People's Hospital of Rizhao (Rizhao, China), from
July 2013 to January 2015, were enrolled as the study group,
including 15 cases in stage I, 17 cases in stage Ⅱ, 11 cases in
stage Ⅲ, and 7 cases in stage Ⅳ, according to the clinical
stage standardized by the NWTS‑5 (US WT Research
Collaboration Group). In the study group there were 12 cases
of unfavorable histopathology (UH) and 38 cases of favorable histopathology (FH), according to the pathological
classification. Also, there were 10 patients with lymphatic
metastasis, 13 patients with vascular invasion, 5 patients with
failed treatment and 45 patients with successful treatment,
according to the treatment outcome. Twenty healthy children
(13 males and 7 females, aged from 15 to 68 months) with
similar age and sex, who received health examinations in the
same hospital during the same period, were enrolled as the
control group.
The inclusion criteria were: children confirmed by
pathology as WT patients; patients with complete clinical
and pathological data; patients with no chemotherapy or
radiotherapy; patients who received examination of liver and
kidney function, blood routine examination and other necessary examinations before operation; patients with normal body
mass index.
The exclusion criteria were: patients with other malignant
tumors; patients with severe congenital heart disease; patients
with liver dysfunction and severe organ diseases; patients with
autoimmune diseases; patients who did not cooperate with
the medical examinations; patients whose family members
refused to sign the informed consent.
The study was approved by the Ethics Committee of the
People's Hospital of Rizhao and the research subjects' family
members signed a complete informed consent form after
receiving details on the experimental contents.
Serum collection. After diagnosis, 2 ml of peripheral blood
were collected from WT children, with an empty stomach in
the morning, and placed in an anticoagulation tube to be sent
to the laboratory; and 2 ml of fasting venous blood were taken
from the children of the control group in the morning, on the
day of the physical examination. After coagulation for 60 min
at 20‑25˚C, the blood samples of the two groups were centrifuged at 2,600 x g for 10 min at 4˚C to obtain the supernatant
liquid that was kept at ‑80˚C to be tested (repeated freezing
and thawing was avoided as far as possible).
Experimental reagents and instruments. RNAiso Plus kit
(Takara Biotechnology Co., Ltd., Dalian, China); Two‑Step

Reverse Transcription kit (Takara Bio, Inc., Otsu, Japan);
SYBR‑Green qPCR Master Mix kit (Thermo Fisher
Scientific, Inc., Waltham, MA, USA); UV spectrophotometry instrument (Bio‑Rad Laboratories, Inc., Hercules, CA,
USA); RT‑qPCR kit and StepOnePlus real‑time PCR instrument (both from Thermor Fisher Scientific, Inc.).
Primers. The primers of this study were designed by the Primer
Premier 5.0 design software (Premier Biosoft, Inc., Palo Alto,
CA, USA) and were generated by Tianjin Saier Biotechnology
Co., Ltd. (Tianjin, China). The sequences of the reference gene
β‑actin (13) and the p73 are shown in Table I.
Experimental procedures. The specimens were dissolved
at 4˚C overnight, and were transferred to a new centrifuge
tube after mixing by oscillation. Total RNA was extracted
using the RNAiso Plus kit in strict accordance with the
manufacturer's instructions; the purity and concentration
of the RNA were measured by UV spectrophotometry; the
RNA integrity was detected by the agarose gel electrophoresis. Then the method of Two‑Step reverse transcription was
performed to transfer RNA to cDNA: i) first step: removal
of the genomic DNA. The DNase I digestion of the template
before the reverse transcription was performed to eliminate
the pollution of the genome. The reaction system was 10 µl
in total, with 1 µg of RNA, and the reaction conditions were:
42˚C for 2 min. Then, the system was quickly put on ice for
cooling and kept at 4˚C. ii) Second step: reverse transcription reaction. The above extracted total RNA was reversely
transcribed into cDNA, and then frozen at ‑20˚C. The reaction system was 20 µl in total, 37˚C for 15 min, afterwards
85˚C for 5 sec, and then the system was kept at 4˚C. qPCR
was subsequently performed using the SYBR‑Green qPCR
Master Mix. RT‑qPCR: the sample was kept on ice away
from light, and the reaction system was 20 µl in total, with
3 µl of the template, 0.8 µl (10 µM) of the forward primer
and 0.8 µl (10 µM) of the reverse primer of p73, and 0.8 µl
(10 µM) of the forward primer and 0.8 µl (10 µM) of the
reverse primer of β ‑actin. The reaction conditions were
40 cycles of 95˚C for 30 sec, 95˚C for 5 sec, 60˚C for 34 sec,
and the dissolution curve: 95˚C for 15 sec, 60˚C for 1 min,
95˚C for 15 sec, 60˚C for 15 sec. The product of p73 was
124 bp in length and the product of β ‑actin was 100 bp in
length. The configuration and operation of the above reaction systems were strictly in accordance with the respective
protocols. Three independent experiments were performed
to record the Cq value and the number of cycles required for
the fluorescence signal to reach the set threshold from the
background, and the data were analyzed using the formula:
Relative quantity (RQ) = 2‑ΔCq (14). The control group in this
experiment served as the internal control.
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Table II. Comparison of the baseline data between the study and the control group [n (%)]/(mean ± sd).
Clinical data

Study group (n=50)

Control group (n=20)

χ2/t

P‑value

Sex			
0.292
Male
29 (58.0)
13 (65.0)
Female
21 (42.0)
7 (35.0)
Age (years)			
1.072
≤3
31 (62.0)
15 (75.0)
>3
19 (38.0)
5 (25.0)
2
Body mass index (kg/m )
14.5±7.09
14.1±6.86
0.689
Hb (gm/dl)
11.48±1.69
11.67±1.87	‑1.102
PLT (x109/l)
151.89±20.98
156.18±21.65	‑1.564
WBC (x109/l)
7.38±2.51
7.15±2.32
0.602
12
RBC (x10 /l)
4.32±0.49
4.28±0.43
0.185
ALT (U/l)
21.97±10.04
21.36±9.86
1.996
AST (U/l)
18.87±7.01
18.12±6.46
2.542

0.589
0.301
0.058
0.499
0.577
0.304
0.356
0.226
0.145

Hb, hemoglobin; PLT, platelet; WBC, white blood cell; RBC, red blood cell; ALT, alanine transaminase; AST, aspartate transaminase.

Follow‑up and observation indicators. After the end of
treatment, follow‑up for patients with WT was carried out by
patients' revisiting the hospital and telephone surveys, during
which prompt treatment and strengthened examinations were
provided for those patients with reoccurrence of the disease.
The final follow‑up time and situation were recorded for
patients lost to follow‑up and the date of death was recorded in
detail for patients who died after the treatment, for the completion of the prognostic data. Follow‑up deadline was February 1,
2018. Survival time was recorded from the first day of diagnosis after admission to the day of death or follow‑up deadline.
The expression of p73 protein in each group, its relationship
with the clinicopathological features and the clinical stages,
as well as the survival rates were observed.
Statistical analysis. Statistical analysis of the experimental
data was carried out using SPSS 17.0 statistical software
(Tianjin KSoft Tech. Co., Ltd., Tianjin, China). Enumeration
data were expressed as n (%) and their comparison between
groups was made using Chi‑square (χ2) test. Measurement data
were expressed as mean ± sd and their comparison between
groups was made using t‑test. Comparisons of the mean of
multiple groups were made using one‑way analysis of variance (ANOVA) with Least Significant Difference post hoc
test. The correlation between the clinical staging and p73
expression in the peripheral blood was analyzed by Spearman's
correlation coefficient. Survival curves were generated based
on the Kaplan‑Meier analysis and log‑rank test was used for
their comparison. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of clinical general data. No statistical difference was detected in the comparison of the general clinical
baseline data between the two groups including sex, age, body

Table III. Comparison of p73 expression levels in the blood of
the study and the control group (mean ± sd).
Group

No. of cases

p73

Study group
50
4.04±0.79
Control group
20
1.57±1.12
t		11.44
P‑value		<0.01

mass index, hemoglobin (Hb), platelet (PLT) count, white
blood cell (WBC) count, red blood cell (RBC) count, alanine
transaminase (ALT) and aspartate transaminase (AST)
(P>0.05) (Table II).
Comparison of the expression levels of p73 in the peripheral
blood of the two groups. As shown in Table III, the expression
level of p73 in the blood of the study group (4.04±0.79) was
significantly higher than that of the control group (1.57±1.12)
and the difference was statistically significant (t=11.44, P<0.01).
Relationship between the expression levels of p73 in the
peripheral blood and the clinicopathological features of WT
patients. According to Table IV, the differences of the expression levels of p73 in the peripheral blood among WT patients
of different age, sex, or vascular invasion situation were not
statistically significant (P>0.05); while patients with different
tumor size, pathological type, lymph node metastasis situation,
or treatment outcome had significantly different p73 expression levels in the peripheral blood (P<0.05).
Comparison of p73 expression levels in the peripheral blood
of patients with WT in different clinical stages. The clinical
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Table IV. Relationship between the expression levels of p73
in the peripheral blood and the clinicopathological features of
WT patients (mean ± sd).
Clinicopathological
features

No. of
cases

p73

t

Sex			
1.611
Male
29
3.34±0.95
Female
21
3.21±1.07
Age (years)
≤3
31
3.37±0.89 ‑0.110
>3
19
3.29±1.21
Tumor size (cm)			‑3.439
≤10
35
2.98±0.87
>10
15
3.96±0.52
Pathological type			‑2.213
FH
38
2.95±0.87
UH
12
3.86±0.52
Lymph node metastasis			
7.808
Yes
10
4.87±0.23
No
40
3.14±0.87
Vascular invasion			
0.624
Yes
13
3.35±0.37
No
37
3.46±0.67
Treatment outcome			‑1.182
Failure
5
4.63±0.42
Success
45
3.01±1.01

P‑value
0.112

0.052
0.009a
0.008a
0.004a
0.052
0.032a

P<0.05, statistically significant difference. WT, Wilms' tumor; FH,
favorable histopathology; UH, unfavorable histopathology.
a

Table V. Comparison of p73 expression in the peripheral blood
of patients with WT in different clinical stages (mean ± sd).
Clinical stage

No. of cases

Figure 1. Correlation between the clinical stage and the expression of p73
mRNA in children with WT. Spearman's correlation analysis showed that
the expression level of p73 mRNA in the peripheral blood of WT patients
progressively increased with changes of the clinical stage, with a positive
correlation between them (r=0.7230, P<0.01). WT, Wilms' tumor.

p73

Ⅰ
15
2.05±0.98
Ⅱ
17
2.99±0.65a
Ⅲ
11
3.76±0.43a,b
Ⅳ
7
4.48±0.33a‑c
F		23.54
P‑value		<0.01
P<0.05, statistically significant difference when compared with
stage I. bP<0.05, statistically significant difference when compared
with stage Ⅱ. cP<0.05, statistically significant difference when compared with stage Ⅲ. WT, Wilms' tumor.
a

stages ranged from I to IV. According to the specific expression level of p73 in blood (Table V), the expression level of p73
in the peripheral blood of WT patients was in a progressive
increase with the change of clinical stage. The expression
levels of p73 among different clinical stages were significantly

Figure 2. Relationship between p73 mRNA expression in the peripheral
blood of WT patients and the survival rate of patients. The median survival
time of the low‑expression group (30 months) was found to be much longer
compared with that of the high‑expression group (13.5 months) (P<0.05). The
3‑year follow‑up revealed the relationship between the high expression of p73
and the low survival rate of patients since the survival rate of the patients in
the high‑expression group (15.8%) was significantly lower than that of the
low‑expression group (45.2%). WT, Wilms' tumor.

different (F=23.54, P<0.01). The Spearman's correlation
analysis showed that the correlation between the expression
level of p73 and the clinical stages is positive (r=0.7230,
P<0.01) (Fig. 1).
Relationship between the p73 expression level in the periphe‑
ral blood and the survival rate of children with WT. According
to the survival data of children in the study group and taking
the mean value of the expression of p73 (3.32) as the boundary,
the patients with p73 expression value <3.32 were considered
as the low‑expression group (31 children; median survival time,
30 months) and the patients with p73 expression value ≥3.32
were considered as the high‑expression group (19 children;
median survival time, 13.5 months) (Fig. 2). The 3‑year
follow‑up revealed the relationship between the high expression
of p73 and the low survival rate of patients. The survival rate of
the patients in the high‑expression group (15.8%) was significantly lower than that of the low‑expression group (45.2%).
Discussion
WT, a malignant tumor common in children 2‑3 years of age,
has common clinical symptoms, such as abdominal masses,

ONCOLOGY LETTERS 17: 5435-5440, 2019

irritability, weight loss and anhelation, and a certain mortality
rate (15,16). The development in medical technology has
offered surgical treatment as the main method for treating
WT in children. It has good efficacy, but causes large trauma
and many adverse reactions harmful to the recovery of children (17). Therefore, the study of the molecular mechanism
of WT is particularly important. Since the molecular research
on the development mechanism of WT is still unclear, the
῾nephrogenic rest᾽ theory (18) has been confirmed to a certain
degree, which suggests that the embryonic renal tissue in some
individual renal tissues may be the pre‑neoplastic lesions of
the WT. Worldwide studies on many genes have been found
to be related to the occurrence and development of WT, such
as WT1, WT2, WTX, WT3, WT4 (FWT1), p53, p16, tumor
synechia and other molecular genes (19,20), but studies on
their mechanism of action are rare. This study found that p73
plays an important role in the WT in children.
As part of the p53 family, with different kinds of
promoter transcription and alternative splicing, p73 can
produce >10 different subtypes, collectively called DNp73 or
ΔTAp73 (21), that play an important role in the expression of
human tumors. The DNp73 is different from p53 in function
due to the significant difference in their structures, while the
ΔTAp73 has similar functions as p53 in inhibiting tumor and
promoting apoptosis (22). p73 gene is characterized by the dual
feature of tumor suppressor and carcinogenesis because of the
co‑expression and mutual intervention of different subtypes
of p73 and p53 (21), proved by related studies to be possibly
involved in the proliferation, metastasis, and invasion of tumor
cells. The mechanism of action of p73 may be as follows: i) as one
of the direct transcriptional target genes of E2F‑1 which mainly
regulates cell proliferation and is overexpressed in various cell
lines, p73 can have induced expression by E2F‑1 (23). The
study by Ozono et al (24) has shown that the ERE73s located
in the TAP73 promoter can detect the abnormal expression of
E2F in the normal human fibroblasts, likely in joint action with
the TAP73 to induce the increase of DNp73 mRNA expression in the body. ii) DNp73, a subtype of p73, is involved in the
proliferation, metastasis, and invasion of tumor cells, mainly by
stimulating the expression of Cola1 and PAI‑1 receptors in the
TGF‑β signaling pathway (25). Certain relations between the
occurrence, development, and prognosis of various malignant
tumors and the p73 are recognized (26,27).
In the present study, the study and control groups were not
obviously different in the clinical general data, according to the
comparison between the two groups (P>0.05), protecting this
experiment from the interference by some basic clinical indicators. The analysis of the relationship between the expression
level of p73 in the peripheral blood and the clinicopathological
features of WT revealed the differences of the p73 expression
levels among patients with different tumor sizes, pathological
types, lymph node metastasis, and treatment outcomes (P<0.05),
suggesting the important role of p73 in the occurrence and development of WT (28). This study found that the expression level
of p73 in the peripheral blood of the study group (4.04±0.79)
was much higher than that of the control group (1.57±1.12),
indicating the high concentration of p73 in the patient's serum.
Related studies (29) have pointed out that the p73 gene is highly
expressed in tumors in the main form of DNp73. In addition,
some studies (30) have confirmed the frequent increase in the
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expression of the subtype, DNp73 in cervical cancer, but the
present study aimed at the WT. Due to the significantly higher
expression of p73 in the peripheral blood of patients in the study
group, compared with that in the control group, the assumption
was drawn that the expression of p73 in the peripheral blood of
patients with WT was mainly in the form the DNp73, and the
overexpression of p73 in tumor patients was also indirectly indicated (4). The present study revealed the significantly positive
correlation between the expression level of p73 and the clinical
stage by comparing the expression of p73 in the peripheral
blood of patients in different clinical stages (r=0.7230, P<0.01),
suggesting that p73 is of great significance for the clinical stage
of WT in children. The expression level of p73 in patients
progressively increased with the increase of tumor malignancy,
indicating that p73 may be involved in the proliferation, invasion
and metastasis of tumor cells (22). Analysis of the relationship between the expression of p73 in the peripheral blood of
patients with WT and the survival rate of patients showed that
the survival rate of the high‑expression group is significantly
lower than that of the low‑expression group (P<0.05), presenting
the relationship between the low survival rate of patients and the
high expression of p73. Also, in literature it has been stated that
patients with highly expressed p73 have low survival rate (25).
However, the absolute relationship between the high expression
of p73 in patients with WT and the poor survival rate in patients
has not been verified by literature.
The results of the present study have certain reliability
in consideration of its comprehensive analysis of the clinical
baseline data of the two groups, the relationship between the
expression level of p73 in the peripheral blood and the clinicopathological features of WT, the comparison of the expression
levels of p73 in the peripheral blood between the two groups,
the comparison of the expression of p73 in the peripheral blood
among patients with different clinical stages, and the relationship between the expression of p73 in the peripheral blood of
WT patients, and the survival rate of patients. However, this
study was retrospective, which brought certain limitations.
Thus, more research subjects are needed in a future study to
better serve clinical treatment.
In summary, the finding that p73 is highly expressed in
WT in children provides guiding significance for the clinical
diagnosis and prognosis of WT in children.
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