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Objective: The current study was undertaken to explore the clinical and prognostic value of 

phosphatase of regenerating liver-3 (PRL-3) expression in Wilms’ tumor.

Methods: Seventy-six patients with Wilms’ tumor in Qilu Hospital from January 2003 to July 

2009 were enrolled in the study. Protein expression level of PRL-3 was examined by immuno-

histochemical staining, and the correlation between PRL-3 expression and histopathological 

parameters, clinical variables, and outcome of patients with Wilms’ tumor were analyzed.

Results: We found that 19% of patients with unfavorable histology had tumor recurrence and 

16% of patients died following the operation. PRL-3 was expressed in 15 out of 76 tumors 

(19%) and expressed highly in unfavorable histology Wilms’ tumor (P=0.04). PRL-3 protein 

expression level was correlated to 2.5-fold increase in recurrence rate of Wilms’ tumor (P=0.06) 

without any statistically significant difference. However, in favorable histology Wilms’ tumor, 

PRL-3 expression was correlated to an increase of 3.4-fold in recurrence rate (P=0.03).

Conclusion: The expression of PRL-3 protein was correlated with an increased recurrence rate 

of favorable histology Wilms’ tumor. PRL-3 may serve as a promising biomarker for predicting 

patients with high risk of Wilms’ tumor. Further investigations are warranted to investigate the 

clinical function of PRL-3 in Wilms’ tumor.
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Introduction
Wilms’ tumor, also known as nephroblastoma, is the most common type of pediatric 

malignant solid kidney tumor with an incidence rate of approximately 1 to 2 per 

1,000,000 during childhood. Its peak incidence age was 3 years, and in 80% of cases, 

it was seen in children aged ,5 years.1 Currently, combined treatment with surgery, 

chemotherapy, and radiotherapy has greatly improved the prognosis of patients with 

Wilms’ tumor, with a 5-year disease-free survival rate increase of 75% to 85%.2 

However, because of the lack of specific clinical symptoms, ~39.2% of patients 

reach clinical stage III or above at the time of diagnosis, which leads to relatively low 

therapeutic efficacy.3 Additionally, due to its high invasion, metastasis, and recurrence 

rate, Wilms’ tumor remains a nodus for the treatment. So far, mechanisms underlying 

Wilms’ tumorigenesis remain largely unknown. Therefore, exploring the biological 

characteristics and mechanisms to reduce the incidence, improve the early diagnosis, 

and seek more effective treatment strategies is of great importance.

Phosphatase of regenerating liver-3 (PRL-3) was initially found in 1994. Xing et al 

cloned a protein phosphatase gene in the early stages of regeneration of liver cells, 

which was named PRL-1,4 and its related members PRL-2 and PRL-3 were found 

later.5 Recent studies have shown that, in addition to promoting liver regeneration, 

PRL-1 has also participated in mitosis of tumor cells.6 PRL-2 can promote tumor cell 
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proliferation,7 but studies on its expression in tumor tissues 

are rare. It has been illustrated that PRL-3 has promotive 

effects on cell proliferation, migration, and invasion.8 

Upregulation of PRL-3 expression occurs in various human 

cancers, including colorectal,9 gastric,10 ovarian,11 breast, and 

prostate cancers.12,13 However, the expression of PRL-3 in 

Wilms’ tumor and its association with the clinical parameters 

are unclear. In this study, we investigated the expression of 

PRL-3 and evaluated its clinical significance in predicting 

the prognosis of Wilms’ tumor.

Materials and methods
Patients
A total of 106 consecutive patients with Wilms’ tumor were 

identified in Qilu Hospital from 2003 to 2009 according to 

the Children’s Oncology Group criteria. Exclusion criteria 

were as follows 1) chemotherapy or neoadjuvant radiation 

was received before biopsy and 2) tumor specimen and 

medical history data were insufficient. Finally, 76 patients 

were included for further analysis. All participants enrolled 

in this study underwent primary surgical therapy according to 

the National Wilms’ Tumor Study protocols active. Written  

informed consent of patients were acquired. The study was 

approved by the Research Ethics Committee of Qilu Hospital, 

Shandong University.

clinical variables and pathological 
parameters
Clinical variables were measured and histopathologic review 

was conducted by expert pathologists. Clinical variables 

include patient age at surgery; gender; clinical stage strati-

fied by I, II, III, or IV; tumor necrosis; outcome; extent of 

cell infiltration; tumor histology (favorable histology [FH] 

or unfavorable histology [UH]). Cell infiltration was indi-

cated as negative (absent) or positive (exist). For positive, 

cell infiltration was classified according to severity as “+”, 

“++”, or “+++”. “+” refers to inflammatory cell clusters #2 

at ×100 magnification, “++” to inflammatory cell clusters 

.2, and “+++” to inflammatory cell clusters .10.

immunohistochemical analysis of Prl-3 
expression
For immunohistochemical analysis, 5 μm thick specimens 

were obtained from 76 patients. Specimens were fixed and 

embedded in formalin and paraffin at 55°C for no ,2 hours 

and then deparaffinized. Endogenous peroxidase activity 

was blocked by incubation with 3% H
2
O

2 
for 20 minutes. 

After antigen retrieval, the tissue specimens were blocked 

with 5% normal serum, followed by incubation with anti-

PRL-3 mouse monoclonal antibody (sc-130355; Santa Cruz 

Biotechnology Inc., Dallas, TX, USA ) diluted (1:100) in 

phosphate-buffered saline overnight at 4°C. Phosphate-

buffered saline was used as a negative control. Immunore-

activity both in cytoplasm and cytoplasmic membrane was 

evaluated. Positive staining of PRL-3 in tumor tissues was 

examined by expert pathologists. The staining intensity of 

PRL-3 was graded and recorded in two groups, the negative 

(absent, “−”) and the positive (exist) group. If positive, it was 

further classified into three groups: weak “+”, moderate “++”, 

and strong “+++”.

Western blot analysis of Prl-3 
expression
Tumor tissue was lysed in radioimmunoprecipitation assay 

buffer supplemented with a protease/phosphatase inhibitor 

cocktail (Cell Signaling Technology, Danvers, MA, USA) 

with sonication. Lysates were cleared by centrifugation and 

protein concentrations were determined by bicinchoninic 

acid assay method. Equal amounts of total cellular proteins 

were resolved by sodium dodecyl sulfate-polyacrylamide 

gel and transferred to polyvinylidene difluoride membranes. 

After blocking, the membranes were incubated with primary, 

followed by secondary antibodies. Protein bands were visual-

ized by the electrochemiluminescence system (Amersham 

Biosciences, Piscataway, NJ, USA).

statistical methods
Data were analyzed using the statistical software package 

R-3.0.0 (SPSS17.0, SPSS Inc., Chicago, IL, USA). The over-

all survival and recurrence-free survival (RFS) curves were 

estimated by the Kaplan–Meier method. The associations 

between the PRL-3 expression and the clinicopathologi-

cal features were analyzed using the Pearson’s chi-square 

test. The relationship between the PRL-3 expression and 

outcome was assessed by Cox proportional hazards model 

with clinicopathological features. Statistical significance was 

considered as P-value ,0.05.

Results
correlation between Prl-3 expression 
and clinicopathological features in 
patients with Fh and Uh Wilms’ tumor
The clinicopathological characteristics in 76 patients are 

shown in Table 1. The mean age of patients at surgery was 

4.7 years. Of all patients, 60 out of 76 (79%) underwent 

radical nephrectomy, 14 out of 76 (18%) underwent open 
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kidney biopsy, and two out of 76 (3%) underwent renal 

biopsy. The protein expression of PRL-3 was examined using 

immunohistochemistry (Table 2). Positive PRL-3 expres-

sion was found in 15 out of 76 tumors (19%). The positive 

expression rate of PRL-3 was significantly higher in FH 

compared with UH Wilms’ tumor (38% vs 7.6%, P=0.028). 

In both FH and UH Wilms’ tumors, PRL-3 expression was 

found primarily among the components of blastemal tissue 

(Figure 1A). The PRL-3 expression in Wilms’ tumors was 

further confirmed by Western blot (Figure 1B).

Prl-3 expression, an independent 
prognostic factor in patients with Fh 
and Uh Wilms’ tumors
The mean recurrence time postoperatively was 2.4 years in 

the 16 patients seen in follow-up, with a median time period 

of 1.2 years. Overall survival of patients with positive PRL-3 

expression was significantly lower than that of patients with 

negative PRL-3 expression (P=0.04, Figure 2A). Also, the 

3-year RFS rate of patients with positive PRL-3 expression 

was significantly shorter than that of patients with negative 

PRL-3 expression (P=0.009, Figure 2B). The association 

between PRL-3 expression and clinicopathological charac-

teristics in patients with tumor recurrence is summarized in 

Table 3. Multivariate analysis showed that the recurrence 

rate in patients with stage III or IV disease was dramatically 

increased compared with those with stage I or II tumors 

(P=0.004). PRL-3 protein expression level was corre-

lated to 2.5-fold increased recurrence rate in patients with 

Wilms’ tumor, although there was no significant difference 

(P=0.067).

Twelve of 76 patients died postoperatively at a mean age 

of 3.6 years. Among the remaining 64 patients, the average 

follow-up duration was 5.1 years. The postoperative 1-, 3-, and 

5-year estimated RFS rates (95% confidence interval, num-

ber of at-risk patients) of patients were 95.1% (92–96, 73), 

91.3% (93–99, 67), and 87.1% (88–93, 58), respectively. The 

death rate of patients aged $5 years at the time of surgery 

was 5.3-fold higher than that of patients aged ,5 years at 

the time of surgery(P=0.007). The death rate increased by 

6% when the age at surgery increased by 1 year (P=0.001).  

Additionally, the death rate of patients having stage III or IV 

Table 1 clinical variables and pathological parameters

Parameter FH (%) UH (%)

age at primary surgery (years)
,5 54 (80) 2 (25)
$5 14 (20) 6 (75)

sex
Male 35 (52) 6 (75)
Female 33 (48) 2 (25)

clinical stage
i 23 (34) 2 (25)
ii 21 (31) 2 (25)
iii 11 (16) 1 (12)
iV 7 (11) 2 (25)
V 6 (8) 1 (12)

clinical stage
low (i or ii) 44 (65) 4 (50)
high (iii or iV) 18 (27) 3 (37)

Tumor necrosis
absent (−) 50 (74) 6 (75)
exist (+) 18 (26) 2 (25)

Mononuclear cell infiltration
− 17 (25) 1 (12)
+ 30 (44) 4 (50)
++ 14 (20) 2 (25)
+++ 7 (11) 1 (12)

Tumor Prl-3 expression
− 56 (82) 5 (62)
+ 9 (13) 2 (25)
++ 2 (3) 1 (13)
+++ 1 (1) –

Abbreviations: Fh, favorable histology; Prl-3, phosphatase of regenerating liver-3; 
Uh, unfavorable histology.

Table 2 relationship between Prl-3 expression in Wilms’ tumor 
and clinical and pathological parameters of patients

Parameter Tumor PRL-3 expression (%)

Negative Positive RR (95% CI) P-value

age at primary surgery (years)
,5 44 (69) 9 (75) 0.52 (0.210–1.353)  0.248

$5 20 (31) 3 (25) 1.00

sex
Male 33 (52) 7 (58) 0.95 (0.371–2.380) 0.953
Female 31 (48) 5 (42) 1.00

clinical stage
i 22 (35) 3 (25) 0.258 (0.101–0.653) 0.004
ii 19 (30) 3 (25)
iii 11 (17) 1 (8) 1.00
iV 7 (11) 3 (25)
V 3 (5) 2 (17)

histological type
Fh 57 (89) 8 (67) 0.51 (0.147–1.786) 0.296
Uh 7 (11) 4 (33) 1.00

Tumor necrosis
absent (−) 53 (83) 7 (58) 6.66 (0.571–6.667) 0.317

exist (+) 11 (17) 5 (42) 1.00

Mononuclear cell  
infiltration

− 22 (34) 2 (17) 0.36 (0.130–1.031) 0.067

+ 42 (66) 10 (83) 1.00

Note: results are in response to regression analysis (P,0.05).
Abbreviations: CI, confidence interval; FH, favorable histology; PRL-3, phosphatase 
of regenerating liver-3; rr, risk ratio; Uh, unfavorable histology.
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disease was dramatically higher compared to those having 

stage I or II disease (P=0.006). Notably, the death rate of 

patients with UH Wilms’ tumor was higher than those having 

FH Wilms’ tumor (P=0.008). However, PRL-3 expression 

showed no relationship with the death rate of patients with 

Wilms’ tumor (P=0.093).

correlation between Prl-3 expression 
and clinicopathological index in patients 
with Fh Wilms’ tumor
Clinicopathological index and PRL-3 expression of 

68 patients with FH Wilms’ tumor are summarized in Table 1. 

The mean age at surgery was 4.3 years. Among this subset, 

PRL-3 expression was positive in 15 out of 68 patients (19%). 

However, none of the clinicopathological index (surgery, age, 

or gender) in patients with FH Wilms’ tumor had statisti-

cally significant association with PRL-3 protein expression 

(P.0.05).

Prl-3 expression is a potential 
prognostic index in patients with 
Fh Wilms’ tumor
Nine patients in follow-up showed a mean recurrence time 

postoperatively of 3.0 years, with a median recurrence time 

β

Figure 1 Prl-3 expression in Fh Wilms’ tumor tissues.
Notes: The expression of Prl-3 in Fh Wilms’ tumor tissues detected by immunohistochemical staining (A) and Western blot. (a) negative Prl-3 expression (−) (×400); 
(b) Prl-3 expression staining (+) (×400); (c) Prl-3 expression staining (++) (×400); (d) Prl-3 expression staining (+++) (×400). (B) T1–4, tumor samples from a, b, c, d, 
respectively. a: the expression of Prl-3 was negative in Fh Wilms tumor tissues was negative; b:  the expression of Prl-3 was negative in Fh Wilms tumor tissues was weak; 
c: the expression of Prl-3 was negative in Fh Wilms tumor tissues was moderate; d: the expression of Prl-3 was negative in Fh Wilms tumor tissues  was strong.
Abbreviation: Prl-3, phosphatase of regenerating liver-3.
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of 2.6 years. The postoperative 1-, 3-, and 5-year estimated 

RFS rates of patients with FH Wilms’ tumor were 87.3%, 

80.6%, and 79.5%, respectively. The association between 

clinicopathological characteristics and PRL-3 expres-

sion in patients with tumor recurrence is summarized in 

Table 3. The recurrence rate in patients having stage III or 

IV disease was dramatically higher compared to those with 

stage I or II disease (P=0.034). Among 14 patients with 

recurrent FH Wilms’ tumor, three showed positive expres-

sion of PRL-3. Moreover, in this subset of patients, PRL-3 

expression was positively related to the recurrence rate, 

which was 3.4-fold higher (P=0.029).

Additionally, among patients with FH Wilms’ tumor, 

six patients died postoperatively at a mean age of 3.2 years. In 

the remaining 62 FH patients, the average follow-up duration 

was 5.3 years. The postoperative 1-, 3-, and 5-year estimated 

RFS rates of patients with FH Wilms’ tumor were 97.4%, 

93.7%, and 91.1%, respectively. The death rate was increased 

6% when the age at surgery was increased 1 year (P=0.012). 

Additionally, the death rate of patients with high stage tumor 

and tumor necrosis was dramatically higher compared with 

those with stage I or II disease (P,0.05), and the death rate 

was positively correlated to tumor necrosis (P.0.05).

Discussion
Studies on the correlation of PRL-3 expression and tumor 

recurrence are rare. Previous studies have reported that high 

level of PRL-3 is associated with high tumor recurrence in 

colorectal cancer.14,15 Our study demonstrated that PRL-3 

expression may serve as a novel prognostic predictor of 

Wilms’ tumor. Since the cohort in our study had limited 

number of candidates, no significant relationship was found 

between PRL-3 expression and tumor-specific death.

Our study also indicated that PRL-3 protein was posi-

tively expressed by 19% Wilms’ tumor tissues and illustrated 

a significant correlation with aggressiveness of Wilms’ tumor, 

indicating that it may provide a novel target for the treatment. 

Currently, it has been found that knockdown of PRL-3 

Figure 2 Kaplan–Meier curves of survival associated with Prl-3 expression in patients with Wilms’ tumor.
Note: (A) Overall survival and (B) recurrence-free survival.
Abbreviation: Prl-3, phosphatase of regenerating liver-3.

Table 3 association of Prl-3 expression with clinicopathological 
parameters and patients with Fh Wilms’ tumor recurrence

Parameter RR (95% CI) P-value

age at primary surgery (years)
,5 0.67 (0.215–2.128) 0.512

$5 1.00

sex
Male 0.94 (0.342–2.632) 0.894
Female 1.00

clinical stage
low (i or ii) 0.32 (0.110–0.870) 0.034
high (iii or iV) 1.00

Tumor necrosis
absent (−) 1.37 (0.384–4.762) 0.657

exist (+) 1.00

Mononuclear cell infiltration
− 0.19 (0.026–1.471) 0.106

+ 1.00

Tumor Prl-3 expression
absent 0.26 (0.099–0.847) 0.029
exist 1.00

Note: results are in response to regression analysis (P,0.05). 
Abbreviations: CI, confidence interval; FH, favorable histology; PRL-3, phosphatase 
of regenerating liver-3; rr, risk ratio.
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mediated by small interfering RNA significantly inhibited 

the proliferation of ovarian cancer cells.16–18 Some scholars 

have developed a PRL-3 monoclonal antibody, which 

serves as a specific detector of PRL-3 protein expression 

in colorectal cancer.19,20 However, whether PRL-3-targeted 

interference can achieve therapeutic purposes remains to be 

further elucidated.

Most notably, we found that high levels of PRL-3 expres-

sion was associated with poorer outcome in patients with 

FH Wilms’ tumor who had no prognostic features previ-

ously, indicating that PRL-3 expression, to some extent, 

can function as an potential independent marker predicting 

the aggressiveness of FH Wilms’ tumor. Therefore, PRL-3 

may be an ideal indicator to distinguish patients with FH 

Wilms’ tumor from those with low risk of disease recur-

rence or death, thus exempting patients from unnecessary 

overtreatment. Our finding showed that PRL-3 expression 

correlated with 3.4-fold increase in recurrence rate of FH 

tumors, remarkably implying the necessity for management 

of Wilms’ tumor.

Limitations
Patients undergoing multiple therapeutic schedules, of which 

the variation in chemo- or radiotherapy, as well as surgical 

technique, could persuasively affect our experiment out-

comes. Studies of a multicenter and more uniform cohort of 

patients were needed for sufficiently powerful identification 

of additional predictive features of PRL-3 expression in 

patients with Wilms’ tumor. Second, the small cohort size 

of our study did not allow in-depth analysis and validations 

in other populations of large study cohorts including Cauca-

sians, Africans, or other Asians are warranted.

Conclusion
PRL-3 expression occurs in Wilms’ tumor and is associated 

with tumor recurrence in patients with FH Wilms’ tumor, 

indicating that PRL-3 might serve as an ideal prognostic 

biomarker for FH Wilms’ tumor.
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