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Abstract 

The survival rates associated with Wilms tumour (WT) remain dismal despite advancements in 
detection and treatment strategies. Cancer stem cells (CSCs) are correlated with the initiation, 
recurrence and metastasis of tumours, but its impact on Wilms cancer stem cell (WCSC) 
maintenance remains unclear. In this study, CD133+ cells were successfully isolated from a 
single-cell suspension of the G401 Wilms tumour cell line using magnetic activated cell sorting 
(MACS). Signal transducers and activators of transcription 3 (STAT3) has been implicated in 
tumorigenesis, but its contribution to the metastatic progression of WCSCs has not been 
investigated. Here, we show that STAT3 is overexpressed in WCSCs. Activation of STAT3 in 
WCSCs initiated a forward feedback loop that was responsible for mediating the aggressive 
malignant character of Wilms tumour cells in vitro and in vivo. Treatment of CD133+ cells with 
stattic, a STAT3 inhibitor, also inhibited tumour formation and progression in xenograft animal 
models in vivo. Collectively, these studies revealed a critical role of STAT3 signalling in WCSC 
proliferation and motility and a role for CD133 in cancer stem-like cell function, providing evidence 
for CD133 as a potential therapeutic target in Wilms tumour. 
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Introduction 
Wilms tumour has become one of the most 

common malignant tumours in paediatrics because of 
its low age of incidence and high malignancy [1]. The 
National Wilms Tumour Study Group (NWTSG) 
reported that its incidence throughout the world was 
approximately 1/1,000,000 over the last three years, 
accounting for approximately 90% of malignant 
tumours in children's kidneys [2]. Most 
nephroblastoma cases are unilateral (one kidney). The 
bilateral (two kidney) incidence is approximately 
10%, and the age of incidence is low and concentrated 
in childhood. The prevalence rate of adults is very 
low, only approximately 1% [3]. Presently, the 
primary treatment of nephroblastoma is surgery 
combined with chemotherapy, and the 5-year survival 

rate has been significantly improved. However, the 
main cause of death in patients with nephroblastoma 
is metastasis and recurrence of the tumour, and lung 
metastasis occurs earlier in many cases with a poor 
prognosis [4-5]. Therefore, how to effectively target 
treatment of nephroblastoma as well as reduce the 
metastasis rate and recurrence rate have become the 
foci of clinical research. 

In recent years, the theory of cancer stem cells 
(CSCs) has laid an important foundation for tumour 
research as well as clinical diagnosis and treatment 
and led to a new breakthrough, which has become the 
forefront and hot spot of current oncology research. 
Cancer stem cells are just a few of the tumour cell 
subsets that have the characteristics of stem cells in 
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tumour tissue and have unlimited proliferation 
potential; CSCs can be updated indefinitely and 
differentiate into heterogeneous tumour cells. Cancer 
stem cells offer an important therapeutic target and 
research foundation for the treatment of multiple 
malignant tumours, which can kill cancer stem cells in 
clinical tumour treatment and provide the possibility 
for the complete cure of tumours [6-7]. In current 
cancer research, we have successfully detected and 
isolated cancer stem cells from lung cancer, gastric 
cancer, colorectal cancer, and breast cancer, among 
others and further explored the relationship between 
the presence of cancer stem cells and characteristics of 
tumour resistance, recurrence, metastasis and adverse 
prognosis [8-11]. 

The theory of cancer stem cells provides a new 
target for the treatment of solid tumours. Biological 
behaviours, such as the proliferation, invasion and 
apoptosis of tumour cells, are the basis for the 
occurrence and development of a tumour [12]. Cancer 
stem cells have been the most important cell type in 
basic research of tumour therapy because of their 
strong ability to proliferate and metastasize and high 
resistance to radiotherapy and chemotherapy [13].  

CD133 is a transmembrane transport protein that 
was proven to be the surface-specific antigen of 
human hematopoietic stem cells [14]. Subsequently, 
CD133 was proven to be a starting factor in epithelial 
cells, lymphocytes, and angiogenesis. CD133, or 
CD133 combined with other markers, has been widely 
used to screen tissue stem cells, such as prostate 
tissue, colorectal cancer tissue, and glioblastoma 
tissue [15-17]. At the same time, researchers have used 
the CD133 polyclonal antibody to separate cancer 
stem cell groups in tumour tissues, including liver 
tumours [18] and pancreatic tumours [19-20]. 
Therefore, as a definite tumour stem cell marker, 
CD133 provides an important means for identification 
and sorting of stem cells into various tumours and 
provides an essential reference for the targeted 
therapy of tumours. 

The signal transduction and transcription 
activator family (STAT) includes STAT1, STAT2, 
STAT3, STAT4, STAT5a, STAT5b, and STAT6, with 
STAT3 being an important member [21]. STAT3 is 
composed of approximately 770 amino acids with 
three isomers—STAT3α、STAT3β and STAT3γ [22]. 
Under normal circumstances, STAT3 regulates the 
transcription of target genes by phosphorescent 
activation (p-STAT3) and maintains and regulates 
various biological behaviours in the normal human 
body through activation of the STAT3 signalling 
pathway, including cell growth, differentiation, 
apoptosis, immune and so on [23], and abnormal 
activation of STAT3 may lead to excessive expression 

of VEGF, leading to abnormal proliferation of cells 
and tumorigenesis [24-25]. Studies have demonstrated 
that phosphorylation of STAT3 in the nucleus 
activates target gene transcription, promoting tumour 
angiogenesis and leading to the occurrence, invasion 
and metastasis of tumours [26]. Rokavec showed that 
abnormally high expression of STAT3 could inhibit 
apoptosis of tumour cells by regulating the expression 
level of the apoptosis-related proteins Cyclin D1 and 
Bcl-2 to promote colon cancer [27]. Moreover, 
Schroeder A showed that the elevation of STAT3 
expression in prostate cancer was closely related to 
the adverse prognosis of patients [28].  

Currently, treatment using the STAT3 signalling 
pathway has become the focus of tumour therapy; by 
inhibiting the STAT3 signalling pathway, the 
proliferation and invasion of tumour cells are reduced 
and apoptosis is promoted, achieving the purpose of 
tumour treatment [29-31]. A Horiguchi used the 
STAT3 phosphorylation inhibitor WP 1066, which 
reduces the expression of ALD and CD133, to 
significantly inhibit the proliferation of tumour cells 
and enhance apoptosis of tumour cells [32]. Mokoto 
selectively inhibited the proliferation and invasion of 
head and neck squamous cell carcinoma cells by 
inhibiting STAT3 phosphorylation and nuclear 
transfer, thereby improving the poor prognosis of 
patients [33]. However, no relevant study has 
reported on whether inhibition of the STAT3 
signalling pathway has an effective killing effect on 
Wilms tumour stem cells. 

Based on the above, we selected CD133 as a 
marker in the G401 Wilms tumour cell line using 
magnetic activated cell sorting to select Wilms tumour 
cells. The properties of stem cells were further 
identified using the STAT3 inhibitor stattic, which 
inhibits phosphorylation of STAT3, and by treating 
WCSCs. The effects of the STAT3 signalling pathway 
on the characteristics of tumour stem cells and its 
effect on apoptosis were detected by performing a 
clone formation experiment, Annexin-v-FITC/PI cell 
apoptosis experiment, western blot experiment and 
nude mice tumour test. We preliminary explored the 
possible mechanism of the STAT3 signalling pathway 
to promote apoptosis of WCSCs and explored the 
effect of STAT3 inhibition on apoptosis of tumour 
stem cells of Wilms tumour, sequentially providing a 
new therapeutic target and theoretical basis for the 
clinical treatment of Wilms tumour. 

Materials and Methods 
Cell lines and Cell culture  

G401 cells (human nephroblastoma cell line) 
were purchased from Peking Union Cell Resource 
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Center and were routinely maintained in McCoy 5A 
medium supplemented with 10% FBS and 
penicillin/streptomycin at 37°C in a humidified 
atmosphere of 5% CO2. The medium was renewed 
every two days.  

Experimental Animals  
BALB/c-nu/nu mice (male, aged between 4 and 

5 weeks and weighing 16-18 g) were purchased from 
Beijing Virton Experimental Animal Co., Ltd (Beijing, 
China). Animals were cared for in the Animal 
Experiment Center of Gansu University of Traditional 
Chinese Medicine, were housed under pathogen-free 
conditions and were fed a standard diet and water. 
All surgical procedures and care administered to the 
animals had to conform with the ethics committee of 
Stomatology of Lanzhou University. 

Reagents 
McCoy’s 5A was obtained from Gibco (Gibco, 

USA). Dimethyl sulfoxide was purchased from Sigma 
(Sigma, USA). Jimsa dye solution was purchased from 
Abcam (Abcam, USA), and Trizol was provided by 
Takara (Takara, Japan). Anti-CD133, CD133 
microbeads, FCR blocking reagent and Labeling 
Check reagent were all obtained from Miltenyi 
Biotechnology (Miltenyi Biotec, Germany). The Stattic 
inhibitor (purity >99%, dissolved in DMSO at a final 
concentration of 0.1%, and stored at −20°C) was 
obtained from Selleck (Selleck, USA). 

Cell detection  
A single-cell suspension of 1×106 /ml Wilms 

tumour cells was used for cell detection. Cells were 
incubated with anti-CD133 and anti-CD44 antibodies 
for 30 min at 4˚C in the dark. After washing in PBS, 
cells were incubated with secondary antibodies for 30 
min at room temperature in the dark. Next, the cells 
were resuspended in 300 μL of PBS for FCM 
detection.  

Magnetic-activated cell sorting of CD133 cells 
G401 cells were digested with 1000 μl of type I 

collagenase and were passed over 40-μm nylon cell 
strainers (at a density of 5×107/ml). The cells were 
resuspended in 300 μL of PBS with 100 µl of FCR 
blocking regent. Cells were incubated with CD133/l 
rabbit anti human polyclonal immunomagnetic beads 
for 30 min at 4˚C. The CD133+ cells obtained from the 
column were centrifuged and resuspended in a 
solution of PBS and were analysed using a MACS 
Multistand (Miltenyi Biotec, Germany). The purity of 
the CD133+ and CD133- cells was evaluated using 
standard flow cytometric analysis.  

Tumour sphere assay  
CD133+ cells, CD133- cells and unsorted G401 

cells (at a density of 1×104/well) were plated into 
6-well ultra-low attachment plates in McCoy 5A 
medium supplemented with 2% FBS. Next, spheres (
＞50 μm) were counted and imaged after 21 days 
under a microscope, and photos were acquired. 
Quantification of colony formation was processed 
using the “Colony area” plugin on ImageJ. 

Clone formation experiment 
CD133+ cells, CD133- cells and unsorted G401 

cells were dissociated into single cells (2000 /well), 
were plated into culture dishes (diameter, 10 cm) and 
were allowed to grow for 21 days. The medium was 
changed every three days until the cells started to 
grow and formed floating tumour spheres. Next, the 
media were removed, cell colonies were stained with 
crystal violet for 30 min, and cells were washed with 
PBS, air dried at room temperature for 1 h, and 
washed with water. 

Wound healing assay 
Cells were cultured in six-well plates until they 

reached 90% confluence. A horizontal wound was 
gently created in monolayers using a 1-ml sterile 
pipette tip. The cells were subsequently washed 3 
times with PBS to remove detached cells, the medium 
was replaced with fresh medium, and three random 
images were acquired at 50× magnification when the 
scratch was performed (T0) and after 24 h (T24). The 
images were captured using an inverted microscope 
and camera at the designated times to assess the 
inhibition of wound closure. The migration distance 
was determined as a reduction in the wound gap 
using ImageJ software. 

RNA extraction and quantitative reverse 
transcription PCR 

Total RNA was isolated from primary sorted 
CD133+ cells, CD133- cells and parental cells using 
the RNA Isolation Kit, and cDNA synthesis and 
quantitative reverse transcription PCR (qRT-PCR) 
were carried out according to the manufacturer’s 
protocol (Sangon Biotech, Shanghai, China). 

 

Table 1. Premier sequences and product sizes 
Gene 
Name 

Sequence(5'-3') Tm Amplicon 
length(bp) 

SOX2 F:CTGAGCGCCCTGCAGTACAA 64.8  82 
R:GCGAGTAGGACATGCTGTAGGTG 63.3  

NANOG F:CCTGTGATTTGTGGGCCTGA 64.4  168 
R:CTCTGCAGAAGTGGGTTGTTTG 62.1  

OCT F:GAGGAAGCTGACAACAATGAAAATC 62.4  109 
R:GGTTGCCTCTCACTCGGTTC 62.2  

GADPH F:GCACCGTCAAGGCTGAGAAC 63.3  138 
R:TGGTGAAGACGCCAGTGGA 64.0  
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Tumorigenicity Experiment In vivo 
After one week of acclimation, BALB/ c-nu/nu 

mice were randomly divided into three groups (n=5 
per group) and were then subcutaneously (s.c.; 5×105 
/ 5×104 / 5×105 in 200 μl per mouse) injected into the 
right flank with CD133+ cells (5×105), CD133+ cells 
(5×104) and CD133- cells (5×104). Tumour progression 
was monitored every 2 days by pulsation, and the 
tumour size was measured using a digital caliper. The 
tumour volume was calculated according to the 
following formula: volume (mm3) = (a*b2) /2, where a 
and b are the longest and shortest tumour diameters, 
respectively. Twelve weeks later, the nude mice were 
sacrificed, and the tumours were obtained.  

MTT assays 
Exponentially growing CD133+ cells 

(5×104/ml/well) were plated in a 96-well plate in 100 
μl of complete growth medium and were then treated 
with different concentrations of stattic (0 μM, 0.625 
μM, 1.25 μM) on the second day after cell attachment. 
Incubation was carried out at 37ºC for 24 h. Next, 20 μl 
of MTT (Sigma-Aldrich) solution was added to each 
well (5 mg/ml) and was incubated for 4 h. The 
supernatants were removed from the wells, and the 
reduced MTT bromide dye was solubilized in 150 μl 
of DMSO/well. The absorbance at 490 nm was 
determined on a plate reader.  

Annexin V apoptosis assays 
CD133+ cells were cultured in McCoy's 5A 

medium containing 0 μM, 0.625 μM, or 1.25 μM stattic 
for 24 h, and then, cells were washed twice with 
serum-containing medium. Next, 300 μl of 1× Binding 
buffer and 5 μl of Annexin v-FITC binding solution 
were added, and the samples were incubated for 15 
min in the dark. Finally, 5 μl of pi dye liquor was 
added for flow cytometry detection.  

Western blot analysis 
Sorted CD133+ cells were treated with McCoy’s 

5A containing 0 μM, 0.625 μM, or 1.25 μM stattic for 
24 h. Thereafter, protein lysates were collected and a 
protein assay (BioRad) was performed. The 
concentration of total protein in cells was quantified 
using the bicinchoninic acid (BCA) protein assay 
reagent following the manufacturer’s instructions. 
Cells were lysed with MPER (Pierce) supplemented 
with protease and phosphatase inhibitors for 30 min 
on ice, and lysates were clarified by centrifugation for 
5 min at 12,000 /g. Twenty-five to fifty milligrams of 
lysates were loaded onto 5% SDS-PAGE gels and 
were transferred onto PVDF membranes. The 
membranes were blocked with 5% skim milk for 1 h 
and were incubated overnight at 4°C with anti-Bcl-2 

(ImmunoWay, USA), anti-Bcl-xl (ImmunoWay, USA), 
anti-P-STAT3 (ImmunoWay, USA), anti- STAT3 
(ImmunoWay, USA) antibody, anti-β-actin 
(ImmunoWay, USA) antibody (1/1000 dilution) was 
used as the internal loading control. The membranes 
were washed three times and then were incubated 
with a secondary antibody (1/1000 dilution) at room 
temperature for 1 h. Finally, the membranes were 
washed three times and were exposed in the dark 
room; ImageJ software was used for image analysis. 

Anti-tumour Efficacy in CD133 + Xenografts  
Ten male BALB/ c-nu/nu mice at 5 weeks of age 

were subcutaneously injected into the right flank with 
1×105 CD133+ cells, in a total volume of 100 μl of 
sterile PBS (five mice per condition). Chemotherapy 
was administered when the tumour diameter reached 
4 mm. The mice were intraperitoneally injected (i.p.) 
with the STAT3 inhibitor stattic (10 mg/kg/day) or 
vehicle (normal DMSO). Tumour progression was 
monitored every 2 days by pulsation, and the tumour 
size was measured using a digital caliper. The tumour 
volume was calculated according to the following 
formula: volume (mm3) = (a*b2)/2. The curve of 
tumour growth was constructed according to the 
tumour volume and time of implantation. Twelve 
weeks later, the mice were killed by cervical 
dislocation, and the tumours were measured. 
Xenografts were frozen at -80°C for subsequent 
western blot analysis. Formalin-fixed and paraffin 
embedded samples were prepared for HE staining. 
Images were taken with a Nikon camera. 

Statistical analysis  
The results were analysed using GraphPad 

Prism 5.0 software. P values less than 0.05 were 
considered to be statistically significant. The T-test 
was performed to determine the difference between 
the control and treated group. All data are shown as 
the means ± SD.  

Results 
CD133+ cells are highly expressed in Wilms 
tumour cells 

In our experiments, CD133+ cells were detected 
in primary human Wilms tumour cell samples using 
flow cytometry (Fig 1.A). The expression rate in 
CD133+ cells was 7.38%, but that for the CD44+ cells 
was only 0.06% (Fig 1.B-C). Following immuno-
magnetic sorting with CD133 beads, three 
measurements of CD133 expression in the 
CD133+-sorted population indicated a high mean 
CD133+ expression rate of 99.97% (Fig 1.D).  
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Figure 1. Flow cytometry analysis of Wilms tumour stem cell markers in G401 cells. A, Schematic for the isolation of CD133+ cells by magnetic-activated cell sorting 
(MACS). B, Flow cytometry analysis of CD133 and CD44 expression in G401 cells. C, Quantitative histogram of the cell number, *p<0.05. D, Flow cytometry 
revealed a high CD133+ expression rate in the CD133-sorted population. The percentage of CD133+-expressing cells in Wilms tumour is shown. Each experiment 
was repeated three times. 
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CD133 + cells have functional features of CSCs 
We next examined the self-renewal property of 

CD133+ cells using the in vitro sphere formation 
assay, colony assay and wound healing test. We 
found that CD133+ cells exhibited a significantly 

higher oncosphere efficiency, colony-forming 
efficiency and migration capabilities than CD133- cells 
and primary Wilms tumour cells (Fig 2.A-D). Thus, 
we defined CD133+ cells as WCSCs. 

 

 
Figure 2. In vitro identification of Wilms tumour cancer stem cells (WCSCs). A-B, Mammospheres were formed and differentiated to mature mammospheres after 
21 days. A, View of representative photos; B, quantitation of sphere formation. Cell were imaged using light microscopy (magnification, 10×) and are shown as the 
means ±SD. C-D, Colony formation of CD133+, CD133- and parental cells. C, View of representative wells; D, quantitation of colony formation; the data represent 
the average of at least three samples. One of 3 experiments is shown. The numbers of spheres are expressed as the means ± SD, *p < 0.05, **p< 0.01. 



 Journal of Cancer 2018, Vol. 9 

 
http://www.jcancer.org 

1492 

WCSCs originated from G401 cells expressing 
the stem cell markers 

CD133+ cells expressed more cancer stem cells 
markers, such as Sox2, Nanog and Oct4, than CD133- 
cells. To isolate WCSCs from G401 cells, we detected 

the mRNA levels of Sox2, Nanog and Oct4 in CD133+ 
cells, CD133- cells and unsorted cells by RT-PCR. We 
found that CD133+ cells exhibited significantly higher 
Sox2, Nanog and Oct4 expression levels than CD133- 
and primary Wilms tumour cells (Fig 3.C). 

 

 
Figure 3. (T0) A wound was made in the monolayer, and cells were allowed to migrate for 24 h (T24). A, Representative images at T0 and T24 are shown. Scale bars, 
100 μm. B, Quantification of wound closure. The bars represent the average of three independent experiments. C, Expression levels of Sox, Nanog and Oct4 in 
CD133+ cells, CD133- cells and parental cells by RT-PCR. *p < 0.05, **p< 0.01. 
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CD133 + cells possess more powerful 
tumorigenicity than CD133 - cells 

The above results suggested that CD133+ could 
be an important determinant of therapeutic resistance 
in Wilms tumour cells. We next assessed whether 
CD133+ cells were more tumorigenic than CD133- 
cells or unsorted cells. We found that the tumour 
formation rate of nude mice injected with CD133+ 
cells (80%) was higher than that of nude mice injected 
with CD133- cells (20%), and the growth rate was 
much faster (Fig 4.A-C).  

The effective inhibition concentration of 
stattic is detected by the MTT assay 

The results showed that the survival rate of 
CD133+ cells was decreased with the increase in the 
stattic drug concentration (0-5 μM). Under 

concentrations of 0.625 μM and 1.25 μM stattic, the 
inhibition rates of stattic were 25% and 46%, 
respectively (Fig 5.A). Therefore, we chose 0.625 μM 
and 1.25 μM as the effective concentrations of stattic 
in CD133+ cells of Wilms tumours. 

Annexin-v-FITC/PI detection shows that 
stattic promotes the apoptosis of CD133 + 
cells  

Annexin-v-FITC/PI double staining is a 
sensitive index to detect early apoptosis. The results 
showed that the apoptosis level of CD133+ cells was 
increased significantly with the concentration of 
stattic and that the number of apoptotic CD133+ cells 
was increased with increased stattic concentration 
(Fig 5.B). 

 

 
Figure 4. In vivo xenograft study. A, Sorted CD133+ cells and CD133- cells were subcutaneously injected into the right flank of athymic nude mice. Representative 
image of a xenograft tumour is shown. B, Quantification of the tumour numbers. C, Tumour volume of mice. The data were pooled from 3 independent experiments 
and are presented as the means ± SD, *p < 0.05, **p< 0.01. 



 Journal of Cancer 2018, Vol. 9 

 
http://www.jcancer.org 

1494 

 
Figure 5. Effect STAT3 inhibition on drug sensitivity. A, The effective concentration of stattic was measured by the MTT assay. B, CD133+ cells were treated with 
different concentrations (0 μM, 0.625 μM, and 1.25 μM) of the STAT3 inhibitor stattic for 24 hours. After staining with Annexin V-FITC and PI, apoptotic cells were 
analysed by flow cytometer. The numbers in each plot indicate the percentage of apoptotic cells. C, The levels of phosphorylated STAT3, STAT3 and apoptosis 
markers (Bcl-2 and Bcl-xl) were compared by Western blot analysis. β-Actin protein expression served as the loading control. Representative blots are shown. Saline 
was used as a control in stattic treatment experiments. 

 

Anti-cancer Efficacy of Stattic on the CD133+ 
Xenograft Tumour Model In vivo 

To confirm that stattic could inhibit tumour 
growth in vivo, a model was generated in which 
CD133+ cells were administered by subcutaneous 
injection into male nude mice (Fig 6.A). Wilms 
tumours in nude mice were induced by administering 
stattic or DMSO. At 7 weeks of stattic exposure, 
CD133+/stattic displayed tiny Wilms tumours. By 
contrast, CD133+/DMSO mice showed Wilms 
tumours of larger sizes (Fig 6.B-C). Tumours in stattic- 
or DMSO-treated mice were confirmed by histology 
staining (Fig 6.D), which showed cellular 

heterogeneity in the control group compared with the 
positive group, including chromatin condensation, 
nuclear condensation and disappearance of cell 
structure. By contrast, the nuclei of the control group 
were deeply stained and mitotic figures were 
increased, indicating that the cells were still in a more 
active proliferative state. Overall, stattic 
administration effectively suppressed Wilms tumour 
growth compared with DMSO treatment. Altogether, 
STAT3 is implicated in the tumorigenesis of Wilms 
tumour. Consequently, stattic-silenced CD133+ cells 
formed a smaller tumour burden and displayed much 
lower xenograft tumour formation rates than 
DMSO-treated cells. Altogether, these data suggest 
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that CD133+ contributes to the activation of STAT3 
signalling and tumorigenesis of Wilms tumour. 

Western blot analysis 
Expression of p-STAT3 and STAT3 was 

decreased significantly after stattic treatment, which 
showed that stattic could effectively inhibit 

phosphorylation of STAT3. At the same time, after 
stattic treatment, expression of Bcl-2, Bcl-xl decreased, 
which showed that stattic inhibited expression of 
Bcl-2 and Bcl-xl protein, thus promoting apoptosis of 
CD133+ cells of Wilms tumour (Fig 5.C). 

 

 
Figure 6. In vivo validation of the STAT3 pathway for drug sensitivity. A, CD133+ cells were subcutaneously injected into the right flank of 5-week-old BALB/c nude 
mice (n=5), and then the mice were treated with DMSO or stattic (10 mg/kg/day). B-C, Transplanted tumour size and volume of the mice, *p < 0.05. D, Haematoxylin 
and eosin staining of the tumour tissues isolated from each group. 
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Discussion 
In terms of cancer stem cell markers in Wilms 

tumours, Shukrun and colleagues reported that the 
tumors’ heterogeneous cell population contains a 
small fraction of cancer stem cells (CSC) identified by 
two markers: (NCAM1) expression and Aldehyde 
dehydrogenase 1 (ALDH1) enzymatic activity, 
confirmed that NCAM1+ALDH1+ cells have been 
identified as the CSC fraction in WT. The capability of 
the tumor to grow and propagate is maintained solely 
by these cells [34]. Pode-Shakked et al. demonstrates a 
new approach for the treatment of the largest and 
clinically most difficult class of Wilms’ tumours. The 
identification of the NCAMþALDH1þWT CSC is an 
essential step towards a further increase in 
(long-term) survival of the patients [35].  

Furthermore, more recently, Wilms Tumor 
Protein 1 (WT1) is also shown to be a transcription 
factor which is highly expressed by MPM [36] and is 
supposed to be a key regulator of EMT [37]. Plönes 
and colleagues’ research found that knockdown of 
WT1 suppresses chemoresistance in both human 
MPM cell lines (MSTO and H2052) compared with 
control (scrambled siRNA). WT1 plays a key role in 
several features with relation to MPM treatment. WT1 
may be an interesting target in Human Mesothelioma, 
which withstands most oncological treatment [38]. 
Brigitte Royer-Pokora1 et al. describe the 
establishment and characterization of long-term cell 
cultures derived from five individual WTs with WT1 
mutations. Gene expression profiling revealed that 
the WT cell lines are highly similar to human 
mesenchymal stem cells (MSCs)[39]. Inoue K et al ‘s 
study implied that WT1 gene plays a critical role in 
leukemogenesis and performs an oncogenic function 
in hematopoietic progenitor cells [40].  

Cancer stem cells (CSC), also called 
tumour-initiating cells, are considered to be the origin 
of human malignant tumour cells. The existence of 
cancer stem cells affects the invasion ability of 
malignant tumours, leading to resistance to 
radiotherapy and chemotherapy and a poor prognosis 
[41]. Therefore, targeted therapy of cancer stem cells is 
the focus of current tumour research. Targeted 
therapy of cancer stem cells involves specific surface 
markers and intrinsic signalling pathways of different 
tumours. The signalling pathway of tumour stem cells 
plays a critical role in the development of tumours, 
such as malignant glioma [42], squamous cell 
carcinoma [43] and lung cancer [44]. The tumour 
suppressor signalling pathway is closely related to the 
occurrence, metastasis and recurrence of cancer stem 
cells. Therefore, targeted killing of cancer stem cells 
can inhibit the self-renewal and differentiation 

potential of cancer stem cells, thus providing more 
effective treatment of tumours. 

The surface of the cancer stem cell membrane 
has specific protein molecules that are closely linked 
to the clinical identification and diagnosis of the 
tumour. In recent years, various specific cancer stem 
cell surface markers, such as pancreatic cancer stem 
cell markers CD44 and CD24 [45], breast cancer stem 
cell markers CD44 and ALDH [46], liver cancer stem 
cell markers CD133 and CD90 [47] among others, 
have been found. These markers can accurately screen 
and isolate cancer stem cells, thus providing 
important help for tumour treatment [48]. Among 
them, CD133+ cells, an eminent cancer stem cell 
subpopulation, whose proportion among tumour cells 
is approximately 1-10%, are often used in to screen 
and identify multiple tumour stem cells [49]. Singh et 
al. used CD133 as a cancer stem cell marker to obtain 
brain cancer stem cells for the first time [50]. 
Subsequently, CD133 was used for the sorting and 
purification of various cancer stem cell surface 
markers, as shown by Silva and Dah-Ching Ding, who 
used CD133 to obtain ovarian cancer stem cells and 
endometrial cancer stem cells [51-52]. In this study, 
the G401 cell line was selected as the study object, and 
the typical cancer stem cell markers CD133 and CD44 
were chosen as the candidate markers. We found that 
CD44 showed almost no expression in the G401 cell 
line by flow detection, while the expression level of 
CD133 was approximately 7.38%. Therefore, we chose 
CD133 as the marker of the G401 cell line. High purity 
(98.9%) of CD133+ cells was obtained from the G401 
cell line by immunomagnetic bead sorting, and 
CD133+ cells exhibited significantly higher Sox2, 
Nanog and Oct4 expression levels.In the current 
study, CD133+ cells have the characteristics of cancer 
stem cells in G401 cell lines, and the proliferation and 
metastasis of CD133+ cells are more potent than those 
of CD133- cells and parental cells in vitro and in vivo. 

Although CD133 plays a very important role in 
current research on cancer stem cells, there are still 
many questions and uncertainties about CD133. 
Shmelkov et al. report that CD133-colon cancer cells 
also have the characteristics of cancer stem cells [53]. 
Meng et al. detected A549 and H445 lung cancer cells 
found that CD133 negative cells and CD133 positive 
cells have the same tumorigenicity, self-renewal, 
proliferation, differentiation, invasion and resistance 
to chemotherapy, and that A549 and H446 lung cancer 
cells in the CD133- cells and CD133+ cells contain 
lung cancer stem cells [54]. On the other hand, the 
level of oxygen concentration affects the expression of 
CD133. It has been found [55]that decreasing the 
oxygen supply (20% down to 2%-3%) in the culture of 
medulloblastoma and glioma cells increases the 
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expression of CD133 mRNA by AC133 and AC141 
and hypoxia has been shown to promote CD 133 
Positive pancreatic cancer cells are more aggressive 
and proliferative [56]. Therefore, further experiments 
are needed to determine whether oxygen 
concentrations in different environments are an 
important experimental variable in cancer stem cell 
experiments. Moreover, the biological function of 
CD133 is not clear. Whether CD133 or its glycosylated 
epitopes play a direct role in regulating the phenotype 
of tumor stem cells is unclear yet, and little is known 
about the biological function of CD133 [57]. Besides, 
Bidlingmaier et al. proposed that analysis of 
CD133-targeted knockdown in CD133 + glioma cells 
followed by functional studies and tumorigenesis will 
help clarify whether CD133 is involved in the 
functional regulation of cancer stem cells [58]. 
Therefore, whether CD133 is a specific marker 
molecule shared by cancer stem cells requires a large 
amount of further experimental studies to confirm. 

STATs, which play a key role in the signalling 
pathway mediated by cytokines and interferon, are 
activated by phosphorylation, with consequent 
formation of dimers, entry into the cell nucleus, 
activation of specific promoter sequences, and 
induction of a series of physiological phenomena, 
including cell growth, differentiation, proliferation, 
and apoptosis [59-60]. STAT3 is an important 
component of the signal transduction and 
transcription activator family. Activated STAT3 
dimerizes for nuclear translocation and to regulate 
tumour cell growth, invasion, inhibition of apoptosis 
and a series of biological reactions in various human 
malignant tumours[61-62]. Research suggests that the 
occurrence and development of the tumour and 
resistance of chemotherapeutic drugs are mainly due 
to anti-apoptosis of tumour cells, and the 
anti-apoptotic protein Bcl-2 family includes the key 
transduction factors in the tumour cell apoptosis 
pathway [63]. This family includes the bh3 proteins, 
such as bid, BIM, bad, noxa, puma, and anti-apoptosis 
survival proteins, such as Bcl-2, Bcl-2-like 1 (Bcl -xl), 
and myeloid leukemia-1 (MCL-1). Bcl-2-associated x 
protein (Bax) and bak are additional apoptotic 
proteins that induce apoptosis [64]. The Bcl-2 gene 
was first detected in follicular b lymphoma, its 
location is between chromosomes 18 and 14 and 
activation is controlled by the immunoglobulin heavy 
chain promoter. Bcl-xl is the protein product of the 
Bcl-xl gene and can inhibit apoptosis [65]. Bcl-2 and 
Bcl-xl have been proven to enhance the apoptosis 
resistance of tumour cells [66], enhancing cell viability 
and drug resistance in various solid tumours. Much 
literature has reported that the expression level of 
vascular endothelial growth factor (VEGF) is 

up-regulated after activation of STAT3 and the 
expression of cyclin D1, Bcl-2 and Bcl-xl in 
downstream apoptotic proteins is down-regulated, 
thus enhancing the resistance to characteristics of 
tumour cells [67-68]. In renal cell tumours, the effect 
of STAT3 inhibition on downstream apoptosis-related 
genes is not yet known. Therefore, this study 
investigated the effect of STAT3 inhibition on 
apoptosis of renal cell tumour cells after STAT3 
suppression, preliminarily selected Bcl-2 and Bcl-xl as 
research objects, and discussed the possible 
mechanism of apoptosis the possible downstream 
mechanism of apoptosis.  

In this study, phosphorylation of STAT3 was 
blocked, proliferation of tumour cells was decreased 
significantly, and expression of Bcl-2 and Bcl-xl was 
decreased after WCSCs were inhibited by stattic. 
Meanwhile, the experimental results in nude mice 
showed that the growth volume of the stattic 
treatment group was significantly lower than that of 
the control group and that the growth rate was 
decreased significantly. Collectively, our data indicate 
that we can effectively inhibit the growth of Wilms 
tumour by interfering with the STAT3 signalling 
pathway, thus providing an important and effective 
scientific basis for the treatment of Wilms tumour. 
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