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Abstract. Endometrial carcinoma (EC) exhibits an extremely 
malignant biological behavior and has a high mortality rate. 
EC has recently become one of the most lethal cancers in 
women worldwide. E3 ubiquitin ligases play an important 
role in the biological function of healthy cells but can also 
contribute to tumorigenesis and cancer development. PDZ 
Domain Containing Ring Finger  3 (PDZRN3) is associ‑
ated with cell differentiation and its structure includes the 
E3 ubiquitin ligase. However, the effects of PDZRN3 in EC 
remain unclear. Reverse transcription‑quantitative PCR was 
used to detect the expression levels of PDZRN3 in EC cells, 
and the role of PDZRN3 in EC progression was determined 
using western blotting, MTT, colony formation, Transwell, 
subcutaneous tumor formation and pulmonary metastasis 
assays. A multi‑pathway reporter arrays and western blotting 
were performed to investigate the potential biological mecha‑
nisms of PDZRN3 in EC. The present study demonstrated that 
PDZRN3 served an essential role in metastasis and proliferation 
of EC. PDZRN3 expression was lower in EC tissues compared 
with that in normal endometrial tissues. Low expression level 
of PDZRN3 in EC was correlated with certain clinicopatho‑
logical features of patients with EC, such as the age of the 
patients, the tumor grade and the tumor subtype. The invasive 
and proliferative activities of EC cells with low expression 
of PDZRN3 were more potent than those of EC cells with 
high expression of PDZRN3, which was confirmed by in vivo 
and in vitro experiments. Furthermore, lower expression of 
PDZRN3 promoted metastasis and proliferation via activation 
of the canonical Wnt signaling pathway. The present study 
demonstrated that decreased PDZRN3 expression promoted 
metastasis and proliferation in EC cells via activation of the 

canonical Wnt signaling pathway, highlighting a potential 
biological therapeutic target for the management of EC.

Introduction

Endometrial cancer (EC) is one of the three main malignant 
tumors of the female reproductive system (1). Despite recent 
discoveries in the field of cancer therapy, no significant 
improvement has been made in the treatment of EC or its 
early detection. Most patients with EC exhibit tumor progres‑
sion during their visits to their medical practitioners. ECs are 
usually spread locally or have metastasized (2‑4). It has been 
shown that the degree of malignancy of EC is very high and is 
characterized by potent invasive and metastatic activities (5). 
Invasion and metastasis are the main obstacles to the long‑term 
survival and quality of life of patients with EC (5,6). These two 
processes are also considered as crucial biological behaviors 
of ECs, and may therefore be used as research directions for 
the treatment of Ec.

Ubiquitination is intricately involved in tumorigenesis and 
cancer development, including invasion and metastasis (7,8). 
The E3  ubiquitination ligand is particularly important in 
tumorigenesis and cancer development (9‑12). E3 ubiquitin 
ligases are a class of enzymes that are involved in the regula‑
tion of the conversion and activity of several target proteins. 
Significant differences are often noted in the structure and 
expression of several E3 ubiquitin ligases in tumor tissues 
compared with those of the corresponding normal tissues. 
In addition, these E3 ubiquitin ligases can have a significant 
impact on the regulation of malignant behavior, such as the 
regulation of epithelial‑to‑mesenchymal transition  (13,14). 
Increasing evidence has strongly suggested that the abnormal 
regulation of E3 ligases is related to the occurrence of 
cancer  (12‑14). Proteins with E3 ubiquitin ligases may be 
considered as potential cancer drug targets and prognostic 
biomarkers.

As a member of the Ligand of NUMB protein‑X family, 
PDZ Domain Containing Ring Finger 3 (PDZRN3) contains 
the RING‑type ubiquitin E3 ligase. The PDZRN3 gene is 
located in the 3p13 chromosomal region and is ~242,568 bases 
in length. The molecular mass of the corresponding protein 
is estimated to be 119,596  Da and the protein is found 
in human and mouse tissues  (15). Previous studies have 
indicated that PDZRN3 can induce the differentiation of 
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C2C12 mouse mesenchymal progenitor cells into myotubes 
or osteoblasts. This indicates that PDZRN3 exerts a certain 
effect on cell differentiation (16), which is also an extremely 
important biological function of tumor cells. Furthermore, the 
E3‑ubiquitin ligase has been shown to affect the ubiquitination 
function of PDZRN3. The latter can promote the modifica‑
tion of the ubiquitination process of related molecules via the 
E3 ubiquitin ligase domain. This phenomenon is mediated 
by the decrease in Muscle‑Specific Kinase expression via 
PDZRN3‑induced ubiquitination (17,18). PDZRN3 interacts 
with the E3  ubiquitin ligase domain. Cell differentiation 
provides a necessary theoretical basis for PDZRN3 in tumor 
invasion and metastasis, including EC.

The aim of the present study was to investigate the effects 
of PDZRN3 on EC cell proliferation, migration and invasive‑
ness. Reverse transcription‑quantitative PCR (RT‑qPCR) was 
used to detect the expression levels of PDZRN3 in EC cells, 
and the role of PDZRN3 in EC progression was determined 
using western blotting, and MTT, colony formation, Transwell, 
subcutaneous tumor formation and pulmonary metastasis 
assays. A multi‑pathway reporter array and western blot‑
ting were performed to investigate the potential biological 
mechanisms of PDZRN3 in EC.

Materials and methods

Cell culture and transfection. HEC‑1‑B and KLE cell lines 
were purchased from Tongpai (Shanghai) Biotechnology Co., 
Ltd. HEC‑1‑B cells were cultured in high glucose medium 
containing 10% FBS, 100 U/ml penicillin and 100 mg/ml 
streptomycin (all Hyclone; Cytiva). KLE cells were cultured in 
F12 medium (Hyclone; Cytiva) containing 10% FBS, 100 U/ml 
penicillin and 100 mg/ml streptomycin. All cells were placed 
at 37˚C in a humidified incubator containing 5% CO2.

The designed plasmid (en‑PDZRN3) was transfected 
into cells using Lipofectamine™ 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc). The plasmids were purchased from 
Wegene Biosciences Co., Ltd. The number of cells transduced 
with lentivirus was ~2x105/well. The next day, the original 
medium was replaced with 2 ml fresh medium with 1 µl/ml 
Lipofectamine 3000 and adding 20 µl virus suspension by 
incubating at 37˚C for 24 h. After 24 h, the medium in the well 
was removed and 2 ml of fresh medium (5 µg/ml puromycin) 
was added for 48 h. The cells were amplified by changing the 
fresh medium, and the transfection efficiency was checked 
using RT‑qPCR and western blotting. At 24 h before lentivirus 
transfection, the adherent cells were treated with 1x105/well in 
a 24‑well plate.

RT‑qPCR. RNA was extracted from HEC‑1‑B/HEC-1-
B‑PDZRN3 and KLE/KLE‑PDZRN3 cells using TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) and reverse tran‑
scribed into cDNA using a reverse transcription kit (Roche 
Applied Science) according to the manufacturer's instructions, 
followed by amplification using a qPCR kit (Roche Applied 
Science). The following thermocycling conditions were used 
for qPCR: 95˚C for 10 min; followed by 40 cycles of 95˚C for 
30 sec, 60˚C for 30 sec and 72˚C for 30 sec, and final exten‑
sion at 72˚C for 2 min. The expression level of PDZRN3 was 
normalized to endogenous control GAPDH and expressed 

using the 2‑ΔΔCq method (19). Each assay was repeated three 
times. The sequences of the primers were as follows: GAPDH 
forward, 5'‑CAC​CGC​AAA​TGC​TTC​TAG​GC‑3' and reverse, 
5'‑GAT​CTC​CAC​ACA​CCT​GCA​CT‑3'; and PDZRN3 forward, 
5'‑ATT​ATT​GAG​GTC​AAC​GGC​AG‑3' and reverse, 5'‑AGG​
GCC​ATG​ATA​TGT​TCA​AAG‑3'.

Western blotting. Cells were lysed using RIPA lysis buffer 
(New Cell & Molecular Biotech Co., Ltd.). Following 
estimation of the protein concentration using a BCA kit 
(Beyotime Institute of Biotechnology), proteins (40  µg) 
were separated by 12% SDS‑PAGE and transferred onto a 
PVDF membrane (MilliporeSigma). Membranes were incu‑
bated with primary antibodies against PDZRN3 (1:2,000; 
cat. no. Ag24455; ProteinTech Group, Inc.), β‑catenin (1:2,000; 
cat.  no. 17565‑1‑AP; ProteinTech Group, Inc.) and tubulin 
(1:2,000; cat. no. 11224‑1‑AP; ProteinTech Group, Inc.) at 4˚C 
overnight. Membranes were washed by 1X PBST solution 
and incubated with the corresponding secondary antibodies 
(HRP‑conjugated Affinipure goat anti‑rabbit IgG  (H+L); 
1:5,000; cat.  no.  SA00001‑2; ProteinTech Group, Inc.). 
Enhanced chemiluminescence reagent (ebiogen, Inc.) was used 
to detect the signal on the membrane. The data were analyzed 
via densitometry and normalized to expression of the internal 
control (tubulin) by ImageJ 1.8. (National Institutes of Health).

MTT assay. Cells (1x104) in the HEC‑1‑B/HEC‑1‑B‑PDZRN3 
and KLE/KLE‑PDZRN3 groups were incubated into 96‑well 
plates and cultured for 7 days. A total of 20 µl MTT (5 mg/ml) 
was added into the culture medium and incubated for 4 h. 
Subsequently, 200 µl DMSO was added following removal of 
the medium to dissolve the MTT formazan. The absorbance 
was read at 490 nm on a microplate reader.

Colony formation assay. Colony formation assay was performed 
to evaluate the proliferative ability of EC cells. A total of 
500 EC cells derived from the HEC‑1‑B/HEC‑1‑B‑PDZRN3 
and KLE/KLE‑PDZRN3 groups were seeded into six‑well 
plates and stained at room temperature for 10  min with 
0.1%  crystal violet following 14  days of incubation. The 
number of colonies (cell clusters with a diameter >1 mm) was 
counted manually using a microscope.

Invasion assay. A total of 5x105 cells were resuspended in 
200 µl serum‑free medium and subsequently seeded to the 
upper chamber of a Transwell (Corning, Inc.) insert precoated 
with 1 µg/µl Matrigel (BD Biosciences). Complete medium 
was added to the lower chamber to stimulate cell invasion. 
Following 48 h of cell culture, the cells that did not cross 
the membrane were wiped with a cotton swab, while the 
cells adhering to the lower surface of the membrane were 
stained with 0.1% crystal violet solution at room tempera‑
ture for 10 min. The number of invading cells was counted 
in five randomly selected fields using a light microscope 
(magnification, x200; Olympus Corporation). All experiments 
were performed three times.

Migration assay. A total of 5x105  cells were resuspended 
in 200 µl serum‑free medium and subsequently seeded to 
the upper chamber of a Transwell insert without Matrigel. 
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All other procedures were performed as described for the 
invasion assay.

Subcutaneous tumor formation assay. A total of 40 BALB/
c‑nude female mice aged 6‑8 weeks were purchased from 
the Slk Jing Da Laboratory Animal Co., Ltd. and the experi‑
ments were performed in a SPF‑level sterile laboratory at the 
Animal Testing Center of Tongji University. All experimental 
procedures were approved by the Animal Ethics Committee 
of Shanghai Yangpu District Shidong Hospital. All mice were 
~20 g in weight when purchased. Mice were housed with free 
access to food and water in a temperature‑ and light‑regulated 
pathogen‑free room (temperature, 24±1˚C; humidity, 60±5%; 
12‑h  light/dark cycle). In the present study, the maximum 
length and diameter of the tumor was <15 mm and the volume 
and weight of the tumor did not exceed 20% of body weight. 
The tumor load of each mouse was no more than 2  tumor 
lesions. Direct cervical dislocation was used for euthanasia, 
which provides a rapid, painless and stress‑free death. All mice 
were judged dead following no response to stimulation, no 

chest fluctuation, no heartbeat and significant decrease in body 
temperature. After death, all mice were treated with humane 
care and pollution‑free treatment in the animal experiment 
center. In the animal center, the animal keeper checks once 
a day to ensure the health of mice. There were 5 nude mice 
in the HEC‑1‑B/HEC‑1‑B‑PDZRN3 and KLE/KLE‑PDZRN3 
groups. The HEC‑1‑B/HEC‑1‑B‑PDZRN3 cells and 
KLE/KLE‑PDZRN3 cells (5x106) for each group were injected 
subcutaneously into nude mice (7‑8 weeks, female, BALB/c) 
to assess their tumorigenic capacity. The tumor samples 
were collected following 4 weeks of incubation and after 
euthanasia. Tumor volume was calculated as follows: Tumor 
volume (mm3)=(AxB2)/2, where A corresponds to length and 
B to width. The in vivo experiments lasted for 4 weeks, during 
which the animals suffered no pain or showed no sign of 
distress, such as rapid weight loss (over 20%), loss of appetite, 
weakness, organ and tissue infection or tumor overweight.

Pulmonary metastasis assay. The concentration of the 
HEC‑1‑B/HEC‑1‑B‑PDZRN3 cells and KLE/KLE‑PDZRN3 

Figure 1. PDZRN3 expression is significantly decreased in EC tissues. (A) PDZRN3 mRNA expression was analyzed by RT‑qPCR in human EC tissues in 
TCGA database. (B) PDZRN3 mRNA expression was analyzed by RT‑qPCR in human EC tissues in TCGA database. (C) PDZRN3 mRNA expression was 
analyzed by RT‑qPCR in human EC tissues in TCGA database. (D) PDZRN3 mRNA expression was analyzed by RT‑qPCR in human EC tissues in TCGA 
database. *P<0.05. RT‑qPCR, reverse transcription quantitative PCR; PDZRN3, PDZ Domain Containing Ring Finger 3; TCGA, The Cancer Genome Atlas; 
EC, endometrial carcinoma.
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cells was adjusted to 5x107 cells/ml using a cell counter. Each 
nude mouse was injected with 100 µl cell suspension twice a 
week. Following 4 weeks of incubation, the nude mice were 
sacrificed by cervical dislocation. The lungs of the nude 
mice were completely removed and subsequently immersed 
in 10% formalin solution. The lungs of the nude mice were 
embedded in paraffin and sectioned into ~5 µm thick slices. 
Following hematoxylin and eosin staining, the metastasis of 
the lung tumors was observed by microscopy and the number 
of metastatic colonies was counted.

Hematoxylin and eosin (H&E) staining and immunohis‑
tochemical (IHC) staining. For H&E staining, the slides 
were incubated at 62˚C for 1 h. The slices were dewaxed in 

xylene solution and rehydrated with graded alcohol (100, 95, 
75 and 50%) and distilled water. The slides were stained with 
hematoxylin solution at room temperature for 5 min, then 
immersed in 1% acid ethanol at room temperature for 5 min, 
prior to washing with distilled water. The slides were stained 
with eosin solution for 3 min, then washed with graded alcohol 
(50, 75, 95 and 100%) for dehydration. The slides were then 
dried with xylene solution at room temperature. The H&E 
images were captured at x100 magnification using a micro‑
scope camera system (Olympus Corporation).

For IHC staining, the slides were dewaxed in xylene solu‑
tion and rehydrated in graded alcohol (100, 95, 75 and 50%) 
and distilled water, then treated with 3% methanol hydrogen 
peroxide at room temperature for 30 min. After washing 

Figure 2. PDZRN3 overexpression inhibits endometrial carcinoma cells proliferative ability in vitro. (A) MTT assay was performed to evaluate the prolif‑
eration of HEC‑1‑B and KLE cells following PDZRN3 overexpression. (B) Colony formation assay was performed to determine the proliferative ability of 
HEC‑1‑B and KLE cells following overexpress‑PDZRN3 transfection and control groups. *P<0.05 and **P<0.01. PDZRN3, PDZ Domain Containing Ring 
Finger 3; OD, optical density.
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with PBS three times, they were heated in a microwave 
oven with 10% citrate buffer for 10 min twice and cooled 
to room temperature, then 10% BSA was added for 30 min. 
The slices were incubated with anti‑Ki‑67 antibody (1:2,000; 
cat. no. 27309‑1‑AP; ProteinTech Group, Inc.) overnight at 
4˚C. The next day, after washing with PBS, the sections were 
incubated with HRP‑conjugated secondary antibody at room 
temperature for 1 h. DAB solution was used for staining for 
5 min and hematoxylin was used for re‑staining the nucleus. 
The slides were then washed with graded alcohol (50, 75, 95 
and 100%) for dehydration, then dried with xylene solution at 
room temperature. The images were captured at x400 magni‑
fication using a microscope camera system (Olympus 
Corporation).

Multi‑pathway reporter array. A Signal Finder 10‑Pathway 
Reporter Array (SA  Biosciences) was used for the 
signaling pathway assessment using the reverse transfec‑
tion technique. The relative firefly luciferase activity of the 
HEC‑1‑B/HEC‑1‑B‑PDZRN3 and KLE /KLE‑PDZRN3 
groups was calculated using a dual luciferase reporter and 
analysis system (Promega Corporation) and normalized to that 
of Renilla luciferase.

Statistical analysis. All data are expressed as the mean ± stan‑
dard deviation. SPSS 18.0 (SPSS, Inc.) and GraphPad Prism 8 
(GraphPad Software, Inc.) were used for data analysis. Statistical 
comparisons of the data were performed using unpaired t‑test 
between PDZRN3‑treated cell groups/cancer tissues and their 
control cell groups. Associations between PDZRN3 expres‑
sion and clinicopathological characteristics were analyzed 
using Pearson's χ2 test. One‑way (or two‑way ANOVA) was 
used for multiple comparisons of different cell groups followed 
by Bonferroni's correction, Benjamini‑Hochberg method 
or Dunnett's test. All experiments were performed at least 
three times. P<0.05 was considered to indicate a statistically 
significant difference.

Results

PDZRN3 expression is significantly lower in EC tissues. The 
expression level of PDZRN3 in EC was examined using the 
public database The Cancer Genome Atlas (TCGA). The results 
demonstrated that PDZRN3 expression was significantly lower 
in EC tissues compared with normal tissues (P<0.001; Fig. 1A). 
In addition, PDZRN3 expression was associated with the age 
of the patients, the tumor grade and the tumor subtype (Fig. 1). 
Different age groups were selected from the TCGA database 
as follows: 21‑40, 41‑60, 61‑80 and 81‑100 years. The expres‑
sion level of PDZRN3 in patients with EC was significantly 
lower than those in normal endometrial tissues (P<0.001; 
Fig. 1B). Furthermore, the expression level of PDZRN3 in EC 
of different pathological classification types (endometrioid, 
serous or mixed) was significantly lower than those in normal 
endometrial tissues (P<0.001; Fig. 1C). In addition, the clinical 
stages of EC were also identified as follows: Stage 1, stage 2, 
stage 3 and stage 4. The data further demonstrated that the 
expression level of PDZRN3 in EC tissues was significantly 
decreased (P<0.001; Fig. 1D) compared with normal group. 
These results suggested that lower PDZRN3 expression in 

ECs may therefore be correlated with EC progression and 
accelerate invasion and metastasis of EC.

PDZRN3 promotes EC cell proliferation. To evaluate the 
function of PDZRN3 in EC, PDZRN3 was overexpressed 
using a lentiviral vector. Ectopic PDZRN3 was constitutively 
expressed in HEC‑1‑B cells (HEC‑1‑B‑PDZRN3) and KLE 
cells (KLE‑PDZRN3). The expression levels of PDZRN3 
were assessed by RT‑qPCR and western blotting (Fig. S1). 
Furthermore, HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3 cells 
exhibited lower absorbance compared with HEC‑1‑B‑ and 
KLE‑control cells as determined by the MTT assay, which indi‑
cated a decreased proliferative rate (Fig. 2A). In addition, the 
high PDZRN3 expression cell groups HEC‑1‑B‑PDZRN3 and 
KLE‑PDZRN3 formed a lower number of colonies according to 
results from the colony formation assay (Fig. 2B) compared with 
the control‑PDZRN3 cell groups HEC‑1‑B‑ and KLE‑control 
cells. To verify these findings in vivo, subcutaneous xenograft 
tumor models were established. Following 4 weeks of incuba‑
tion, the HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3 cell‑derived 
tumors at the subcutaneous implantation sites were significantly 
smaller and grew more slowly than those from the HEC‑1‑B‑ 
and KLE‑control groups (Fig. 3). In addition, Ki‑67 staining for 
these tumors confirmed that high PDZRN3 expression groups 
HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3 had fewer Ki‑67 posi‑
tive cells (Fig. S2) compared with the control‑PDZRN3 groups 
HEC‑1‑B‑ and KLE‑control cells. Taken together, these results 
suggested that decreased PDZRN3 expression could promote 
EC cell proliferation.

Lower PDZRN3 promotes EC cell migration and inva‑
sion. Transwell invasion and migration assays were used to 
investigate the invasive and migratory abilities of the cells. 

Figure 3. PDZRN3 overexpression inhibits proliferation ability of EC cells 
in vivo. Subcutaneous tumor formation assay was performed to show that 
PDZRN3 overexpression inhibited EC tumor growth in  vivo. **P<0.01. 
PDZRN3,  PDZ Domain Containing Ring Finger  3; EC,  endometrial 
carcinoma.
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The results indicated that HEC‑1‑B‑PDZRN3 cells exhib‑
ited significantly reduced migratory ability compared with 
the HEC‑1‑B‑control cells. Similarly, KLE‑ PDZRN3 cells 
exhibited significantly lower migratory ability compared with 
the KLE‑control cells (Fig. 4A). The results from the inva‑
sion assays indicated that HEC‑1‑B‑PDZRN3 cells exhibited 
a significantly lower number of invading cells compared 
with the HEC‑1‑B‑control cells. In addition, KLE‑PDZRN3 
cells exhibited a significantly lower number of invading cells 
compared with the KLE‑control cells (Fig. 4B). Furthermore, a 

pulmonary metastasis nude mouse model was established and 
the invasive activity was assessed by immunohistochemical 
analysis. The results indicated that the number of lung metas‑
tases in tumors of mice injected with cells overexpressing 
PDZRN3 (HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3) was 
significantly lower than that in the control‑PDZRN3 cell group 
(HEC‑1‑B‑ and KLE‑control cells; Fig. 5). Taken together, 
these results indicated that lower expression of PDZRN3 may 
promote the metastasis of EC cells via increased proliferation, 
migration and invasion of EC cells.

Figure 4. PDZRN3 overexpression inhibits the invasion ability of endometrial carcinoma cells in vitro. (A) Transwell migration experiment was performed to 
evaluate the migratory ability of HEC‑1‑B and KLE cells following PDZRN3 overexpression. (B) Transwell invasion experiment was performed to determine 
the invasive ability of HEC‑1‑B and KLE cells following PDZRN3 overexpression. **P<0.01. PDZRN3, PDZ Domain Containing Ring Finger 3.
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PDZRN3 modulates EC progression via the canonical Wnt 
signaling pathway. PDZRN3 expression is associated with 
canonical/non‑canonical Wnt signaling in non‑tumor cell 
differentiation microenvironment  (20). To systemically 
screen the potential signaling molecules that could interact 
with PDZRN3, a Signal Finder Cancer 10‑Pathway Reporter 
Array was assessed by RT‑qPCR analysis. The results 
demonstrated that PDZRN3 significantly attenuated the 
activity of Wnt signaling in the high PDZRN3 expression 
groups HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3, whereas 
it increased Wnt signaling activity in the control‑PDZRN3 
groups HEC‑1‑B‑control and KLE‑control cells (Fig. 6A). 
Furthermore, β‑catenin expression level was assessed in these 
cell groups and the data demonstrated that ectopic expres‑
sion of PDZRN3 in HEC‑1‑B‑PDZRN3 and KLE‑PDZRN3 
groups was accompanied with decreased β‑catenin accumu‑
lation (Fig. 6B). Conversely to these observations, decreased 
PDZRN3 expression and increased β‑catenin accumulation 
were observed in HEC‑1‑B‑ and KLE‑control groups (Fig. 6B). 
These results indicated that PDZRN3 could modulate the 
canonical Wnt signaling pathway.

Discussion

In clinical, it is found that EC has high malignancy and low 
survival rate. Tumor tissues exhibit uncontrolled prolifera‑
tion compared with normal tissues (21). Tumor invasion and 
metastasis are often a direct cause of poor prognosis and high 
mortality rates in patients with tumors, including patients with 
EC (22,23). In addition, it is recognized that ubiquitination 
system serves a crucial role in tumor genesis and development, 
including invasion and metastasis. E3 ubiquitination ligands 
have been reported to have important clinical significance in 
the regulation of cell motility and of tumor invasion and metas‑
tasis (24,25). Molecules with such structures and functions 

may therefore play a crucial role in tumor invasion and metas‑
tasis and may have potential value in clinical research. Based 
on this evidence, the assessment of the structure and function 
of PDZRN3 may be of considerable interest.

Previous studies reported that PDZRN3 and its E3 ubiq‑
uitin ligase domain serve an important role in ubiquitination 
function and in promoting cell differentiation (26,27), which 
confirms the hypothesis that it may be involved in promoting 
tumor progression. Following analysis of the public database 
TCGA, significant differences in PDZRN3 expression were 
identified in EC tissues. PDZRN3 expression was associated 
with the age of the patients, tumor grade and tumor subtype. In 
addition, PDZRN3 expression was associated with certain EC 
subtypes, suggesting that PDZRN3 may be used to distinguish 
the clinical subtypes of EC. In summary, this study demon‑
strated that PDZRN3 may have ubiquitination function, and by 
checking the public database TCGA, we found that PDZRN3 
was significantly lower in EC compared with normal tissues. 
The present study was incomplete since it lacked clinical 
case data and because it failed to collect comprehensive data 
relevant to the mechanism of action of PDZRN3.

The present study primarily focused on assessing the inva‑
sive, metastatic and proliferative functions of EC with regard to 
PDZRN3 expression. The results derived from the in vivo and 
in vitro experiments indicated that low expression of PDZRN3 
could affect these characteristics of EC cells. One limitation of 
the present study is that the impact of PDZRN3 on other tumor 
cell characteristics, such as apoptosis and immune escape, was 
not examined. Furthermore, the effect of PDZRN3 on other 
biological behaviors could not be comprehensively evaluated. 
In addition, it has been reported that PDZRN3 can promote the 
differentiation of mesenchymal progenitor cells into myotubes 
in 2C12 mice, which indicates that PDZRN3 could promote the 
transformation from poorly differentiated to highly differenti‑
ated cells (16,28). Tumor cells are mainly poorly differentiated 

Figure 5. PDZRN3 overexpression inhibits the invasive ability of EC cells in vivo. Hematoxylin and eosin staining showed metastasis in lung tissues (left panels). 
Pulmonary metastasis lesions advanced in groups of lower PDZRN3 expression (right panels). Magnification, x100.
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cells. Whether the expression of PDZRN3 could induce the 
differentiation of tumor cells is also worthy of investigation. 
In addition, due to the limitation of research funds, the role 
of PDZRN3 ubiquitination in tumors was not examined, and 
should thus be investigated in future studies.

From preliminary screening, it was found that PDZRN3 was 
related to the activation of the canonical Wnt signaling pathway. 
It is well established that the Wnt signaling pathway is closely 
related to specific tumor biological characteristics  (29,30), 
such as proliferation or invasion, and the PDZRN3‑induced 
biological behavior is likely to require the activation of the 
canonical Wnt signaling pathway (16). Additional investigation 
is required to confirm the important role of the canonical Wnt 

signaling pathway in EC to reveal its downstream target and 
determine whether this target is ubiquitinated by the E3 ubiq‑
uitinated ligand. The specific downstream targets and related 
functional verification of the canonical Wnt signaling pathway 
were not investigated in the present study.

In summary, the present study indicated that PDZRN3 
inhibited the invasion, metastasis and proliferation of EC cells. 
By using preliminary signaling pathway screening, PDZRN3 
was identified as a potential target responsible for the biological 
behavior of EC via activation of the Wnt signaling pathway. 
PDZRN3 expression may therefore provide important clinical 
guidance for predicting the survival of patients with EC and 
for the development of targeted therapeutics for EC.

Figure 6. PDZRN3 modulates EC progress through canonical Wnt signaling. (A) Cignal Finder Cancer 10‑Pathway Reporter Array showed the signaling 
changes in PDZRN3 different expression cells. (B) PDZRN3 and β‑catenin protein expression determined by western blot in EC cells following PDZRN3 
overexpression. *P<0.05. PDZRN3, PDZ Domain Containing Ring Finger 3; EC, endometrial cancer.
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