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Background: Lung cancer represents the most leading causes of cancer-related deaths worldwide, especially
in Xuanwei in eastern Yunnan province, China. WD repeat and SOCS box containing protein (WSB) has
been reported to participate in the carcinogenesis of lung cancer. However, there is no report about the role of
WSB2 in the carcinogenesis and development of lung cancer in Xuanwei. Here, we investigated the functional
role of WSB2 in Xuanwei lung cancer and uncovered its underlying molecular mechanisms.
Methods: The expression of WSB2 in lung cancer cell lines and tissues were measured using quantitative
reverse transcription-polymerase chain reaction (qRT-PCR). Western blotting was used to determine the
protein levels of WSB2, E-cadherin, N-cadherin, vimentin, c-Myc and β-catenin in lung cancer cells. Cell
viability was detected using 3-(4,5-diethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Hetrazolium, inner salt (MTS) assay. While cell apoptosis and cell cycle distribution were quantified using
flow cytometry following indicated staining. The change of cell invasion ability was detected using Transwell
assay. FH535 was employed to block Wnt/β-catenin pathway. A xenograft tumor model was applied to
confirm the tumor properties of WSB2 in vivo.
Results: Our data showed that WSB2 was frequently up-regulated in Xuanwei lung cancer tissues and
cells, when compared with paired non-cancerous tissues and normal lung epithelial cells. Knockdown of
WSB2 notably reduced cell viability, cell invasion, epithelial-mesenchymal transition (EMT) process, while
induced apoptotic cell death and cell cycle arrest of Xuanwei lung cancer cells. Moreover, in vivo findings
also confirmed that WSB2 knockdown could effectively delay the growth of tumor. Mechanistic studies
revealed that c-Myc and β-catenin were notably decreased at both protein and mRNA levels after knocking
down of WSB2, while overexpression of WSB2 showed a contrary tendency. In addition, blocking Wnt/
β-catenin pathway using FH535 rescued the cancer promoting effect mediated by overexpression of WSB2.
Furthermore, WSB2 activated Wnt/β-catenin pathway and accelerated the progression of lung cancer.
Conclusions: WSB2 promoted the progression of lung cancer in Xuanwei by triggering Wnt/β-catenin
signaling pathway.
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Introduction
Lung cancer represents the most leading cancer-related
deaths in China and is increasing fast in recent year,
especially in Xuanwei which is a county located in the
northeast of Yunnan Province, China (1). The crude
mortality rates of lung cancers in Xuanwei are usually higher
than in other areas of China (2). Besides, Xuanwei lung
cancer show some different characteristics, for example, the
major type of lung cancer in Xuanwei is adenocarcinoma,
and the incidence is remarkable higher in non-smoking
women, in addition, the incidence peaks of lung cancer
in Xuanwei, aged between 41 and 50, are younger than in
other areas of the country (3). Despite some advent in the
early diagnosis and treatment of Xuanwei lung cancer have
been made in recent years, the over 5-year survival time for
those patients still poor (4). Therefore, it is necessary to
find effective bio-markers for lung cancer in Xuanwei.
WD repeat and suppressor of cytokine signaling (SOCS)
box containing proteins (WSB) are the member of SOCS
family. Up to date, only two sub-types WSB proteins have
been identified, named as WSB1 and WSB2 (5). There
were many researches which studied the relationship
between WSB1 and cancer. For example, a study found
that increased levels of WSB1 in primary osteosarcomas
correlated with pulmonary metastatic potential (6). Besides,
WSB1 also play a role in neuroblastoma cell growth and
tumor progression (7). However, there was not much
study on the function of WSB2 in cancer. Existing studies
demonstrated that WSB1 and WSB2 contain eight WD40 repeats and a SOCS box domain and show the similar
levels (approximately 65%) and distribution. Thus,
WSB1 and WSB2 potentially share some functional
homology (8). Based on participation of WSB1 in the
progression of cancer, and there have been no reports about
the effect of the WSB2 on the development of Xuanwei
lung cancer, therefore the functional role of WSB2 in
Xuanwei lung cancer was explored here.
Accumulating evidence indicated that abnormal
activation of Wnt/β-catenin pathway was correlated to
carcinogenesis through regulating cell apoptosis, cell
cycle progression and epithelial-mesenchymal transition
(EMT) (9). For example, triptolide was found to trigger
apoptotic cell death in osteosarcoma cells by blocking Wnt/
β-catenin pathway (10). Besides, β4-subunit-mediated
inactivation of Wnt/β-catenin signaling inhibited cell
growth and cell cycle progression of hepatoma (11). In
addition, down-regulated MAC30 expression inhibited cell
invasion and EMT of breast cancer through suppressing
© Translational Cancer Research. All rights reserved.

Wnt/β-catenin signaling pathway (12). Importantly, a
recent study revealed that WSB2 regulated the expression
of β-catenin in melanoma cells (13). However, there was no
report indicated that WSB2 regulated the development of
Xuanwei lung cancer via Wnt/β-catenin signaling pathway.
Current study was designed to measure the expression
of WSB2 in Xuanwei lung cancer tissues and cell lines.
Furthermore, the function of WSB2 effect on the cell
proliferation, apoptosis, cycle progression, EMT and
invasion ability of Xuanwei lung cancer in vitro was
studied. Besides, a xenograft tumor model was constructed
to confirm the effect of WSB2 in vivo. In addition, the
relationship between WSB2 and Wnt/β-catenin signaling
pathway, and their function in Xuanwei lung cancer were
explored. Overall, this study aims to provide a promising
target for Xuanwei lung cancer.
We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2450).
Methods
Tissue samples
Human normal lung tissues (n=70), lung cancer tissues
(n=68) and Xuanwei lung cancer tissues (n=66) (patients
born in Xuanwei and lived in Xuanwei for more than
15 years) were collected from patients who did not receive
radiochemotherapy before surgery and signed the informed
consents. The tissues were used to measure the expression
of WSB2, and the low and high expression in WSB2 was
defined by the median of the WSB2 expression in 66
patients with Xuanwei lung cancer.
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Yunnan Cancer
Hospital (NO.: KY2019.57) and informed consent was
taken from all the patients.
Cell culture and transfection
Human normal bronchial epithelial cell line BEAS-2B and
lung cancer cell line A549 were acquired from Shanghai
Kanglang Biotechnology Co., Ltd. (Shanghai, China).
Xuanwei lung cancer cell line XWLC-05 was obtained from
Yunnan Cancer Institute, China. All cells were maintained
with Dulbecco’s Modified Eagle Medium (#11965092,
Sigma-Aldrich, St. Louis, MO, USA)) containing 5% fetal
bovine serum (#SH30070.02, HyClone, USA) and kept at
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37 ℃ in 5% CO2. pcDNA3.1-WSB2 overexpression vector
(OV-WSB2) and short hairpin RNA targeting WSB2
(sh-WSB2) which were synthesized by Genechem Co., Ltd.
(Shanghai, China) were transfected into A549 and XWLC05. In this paper, the negative control (NC) group was the
cells without any treatment.
Quantitative reverse transcription-PCR (qRT-PCR)
The relative mRNA levels of WSB2 in tissues and cells
were detected using qRT-PCR. Total RNA in Xuanwei lung
cancer cells and tissues were isolated using TRIzol reagent
(#DXT-15596018, Gibco, USA). After transcribed the
extracted RNA into cDNA by using a Reverse Transcription
Kit (PE013-01, AIVD, Guangdong, China), the qRT-PCR
analysis was carried out with the ABI7300 system by using a
SYBR green PCR kit (218073, Qiagen, Germany). Reaction
system was as follows: cDNA 2.5 μL, primer (10 μmol/L)
2 μL, 2× Tag PCR Master Mix 12.5 μL, DEPC 8 μL, the
total volume was 25 μL. Reaction was carried out at predenaturation at 95 ℃ for 2 min, denaturation at 95 ℃ for
15 s, annealing at 60 ℃ for 10 s, extending at 75 ℃ for 40 s,
and finally extending at 75 ℃ for 2 min. U6 was selected as
an internal reference. WSB2 level was calculated by using
2−∆∆Ct method.
Western blotting
The protein levels of WSB2, E-cadherin, N-cadherin,
vimentin, c-Myc and β-catenin in cells were determined
by Western blotting. A RIPA lysis buffer (orb348557,
Biorbyt, UK) was used to extract total proteins from
transfected A549 and XWLC-05. Ten percent sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE, YB100915-12, Ybscience, Shanghai, China)
was used to separate the extracted proteins, and then
blotted onto polyvinylidene fluoride (PVDF) membranes
(25900446, GE, USA). Then membrane was incubated
with 5% skimmed milk at 25 ℃ for 1 h. After that, the
primary antibodies against WSB2 (ab127176, Abc4am,
USA), E-cadherin (PA512542, Pierce, USA), N-cadherin
(PA529569, Pierce), vimentin (PA512321, Pierce), c-Myc
(ab39688, Abcam), β-catenin (DXT-130-107-174, Miltenyi,
USA) and GAPDH (PA515035, Pierce) were incubated
at 4 ℃ overnight. All primary antibodies were diluted at
the concentration of 1:1,000. Following that, secondary
antibodies (20775, Millipore, USA) were incubated at 25 ℃
for 1 h. The enhanced chemiluminescence kit (orb90502,
© Translational Cancer Research. All rights reserved.

Biorbyt) was used to visualize the signals. GAPDH was the
reference control. The optical density of blot was analyzed
by using the ImageJ software.
3-(4,5-diethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)2-(4-sulfophenyl)-2H-etrazolium, inner salt (MTS) assay
Cell viability was monitored by using MTS assay. Briefly,
transfected A549 and XWLC-05 cells were plated into
96-well plates and maintained in an incubator at 37 ℃
with 5% CO2. Following 48 h, 20 μL of MTS (S12069,
Yeyuan, Shanghai, China) was added and incubated for 2 h.
Then the absorbance value at 490 nm was quantified using
microplate autoreader (iMark, Bio-Rad, USA).
Flow cytometry
Cell apoptosis ratio and cell cycle distribution were analyzed
using flow cytometry. Transfected A549 and XWLC-05
cells were collected and washed using cold phosphate buffer
saline (PBS, DXT-103-070-525, Miltenyi, USA). After
fixed the cells with absolute ethyl alcohol (A2877-1LAG,
AG Scientific, Germany) at 4 ℃ for 24 h. Cells were stained
with annexin V-FITC/propidium iodide (PI) staining
according to manufacturer’s instruction. Then apoptotic cell
population and cell cycle distribution were quantified using
flow cytometry (CytoFLEX, Beckman Coulter, USA).
Transwell assay
The change of cell invasion ability was determined by
using Transwell assay. Briefly, A549 and XWLC-05 cells
transfection with WSB2 were plated in the upper chamber
coated with Matrigel (356234, BD Biocoat, USA), while
the lower chamber was added 500 μL DMEM medium
containing 20% FBS and incubated for 8 h. Then, invaded
cells in lower sides of Transwell were fixed with 95%
ethanol (orb63597, Biorbyt) for 30 min. Following that,
cells were incubated with 0.1% crystal violet (C8470,
Solarbio, Shanghai, China) for 15 min and observed and
photographed under microscope.
Animal experiments
Xenograft mouse model was used to examine tumor
growth. The procedures for care and use of animals were
approved by the Ethics Committee of the Third Affiliated
Hospital of Kunming Medical University and all applicable
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Figure 1 WSB2 was frequently elevated in Xuanwei lung cancer tissues and cells. (A) Relative expression of WSB2 in normal lung tissues,
lung cancer tissues and Xuanwei lung cancer tissues was analyzed by qRT-PCR assay; (B) relative expression of WSB2 mRNA in BEAS-2B,
A549 and XWLC-05 cells were measured by qRT-PCR assay; (C) Western blotting analysis of the relative expression of WSB2 protein in
BEAS-2B, A549 and XWLC-05. *, P<0.05; **, P<0.01.

institutional regulations and concerning the ethical use
of animals were followed. In brief, transfected A549 and
XWLC-05 cells (5×106) were incubated into the back of
nude mice. Tumor volumes were measure twice a week and
calculated according to the following equation: volume =
(length×width2)/2. At 35 days, tumors were isolated from
mice via anesthesia.
Statistical analyses
All data were presented as the mean ± standard deviation
(SD). Statistical analysis was conducted by GraphPad Prism.
T-tests, ANOVA and Chi-square tests were conducted to
determine differences. P value less than 0.05 was considered
statistically significant.
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Results
WSB2 was frequently elevated in Xuanwei lung cancer
tissues and cells
Several published literatures revealed that WSB was
involved in the tumorigenesis and progression of various
malignant tumors (5-8). Here, we firstly detected the levels
of WSB2 in human normal lung tissue, lung cancer tissues
and Xuanwei lung cancer tissues, and results revealed
that WSB2 was aberrantly up-regulated in Xuanwei lung
cancer and lung cancer tissue when compared with normal
lung tissue. Interestingly, the expression level of WSB2 in
Xuanwei lung cancer was significantly higher than that in
lung cancer tissues (Figure 1A). Moreover, both mRNA
(Figure 1B) and proteins levels (Figure 1C) of WSB2 in
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Table 1 Relationships between expression of WSB2 in Xuanwei lung cancer and clinical characteristics
Clinical characteristics

Number of cases

Low expression of WSB2 (n=33)

High expression of WSB2 (n=33)

Age (years)

P
0.7854

>50

35

18

17

≤50

31

15

16

Gender

0.7451

Male

28

15

13

Female

38

18

20

Smoking

0.8031

Yes

41

20

21

No

25

13

12

Differentiation

0.7023

Well/moderate

44

20

24

Poor

22

13

9

TNM stage

0.0351

I + II

30

9

21

III + IV

36

24

12

Tumor size

0.0125

>3 cm

32

7

25

≤3 cm

34

26

8

Lymph node metastasis

0.0184

Negative

29

21

8

Positive

37

12

25

WSB2, WD repeat and SOCS box containing protein 2.

XWLC-05 cells were higher than in A549 cells. Above
all the results indicated that there was a high expression
of WSB2 in Xuanwei lung cancer tissues and cell lines.
Clinical data analysis of the relationship between expression
of WSB2 and clinical characteristics (Table 1), the results
showed that WSB2 was negatively correlated with the TNM
stage, lymph node metastasis and tumor size of Xuanwei lung
cancer. While no obvious correlation between WSB2 and
age, gender, smoking and differentiation was observed.
Knockdown of WSB2 suppressed the progression of
Xuanwei lung cancer in vitro
To further explore the effects of WSB2 on Xuanwei lung
cancer, we manipulated the expression level of WSB2 in
A549 and XWLC-05 by transfecting sh-WSB2. qRT-

© Translational Cancer Research. All rights reserved.

PCR (Figure 2A) and Western blotting (Figure 2B) results
demonstrated WSB2 level was notably reduced in sh-WSB2
transfected cell, when compared with control. Moreover,
The MTS results revealed that cell proliferation of A549
and XWLC-05 with WSB2 knockdown significantly
decreased compared with control group (Figure 2C).
Besides, flow cytometry analysis of cell apoptosis and cell
cycle progression showed that knockdown of WSB2 in A549
and XWLC-05 promoted the cell apoptosis (Figure 2D)
and effectively resulted in cell cycle blockage (Figure 2E).
Moreover, knockdown of WSB2 suppressed EMT process
in A549 and XWLC-05, as supported by the increase of
E-cadherin and decrease of N-cadherin and vimentin
in sh-WSB2 transfected cells (Figure 2F). Consistently,
WSB2 knockdown also effectively reduced cell invasion of
A549 and XWLC-05 (Figure 2G). Therefore, knockdown
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Figure 2 WSB2 knockdown suppressed the progression of Xuanwei lung cancer in vitro. (A) Transfection efficiency of sh-WSB2 in A549
and XWLC-05 were confirmed by using qRT-PCR assay; (B) relative expression of WSB2 protein in A549 and XWLC-05 was measured
by Western blotting; (C) cell viability of A549 and XWLC-05 was analyzed by MTS assay; cell apoptosis (D) and cell cycle distribution (E)
were quantified by flow cytometry; (F) proteins related to EMT of A549 and XWLC-05 was measured by Western blotting; (G) Transwell
assay was employed to examine cell invasion (×20). *, P<0.05; **, P<0.01. WSB2, WD repeat and SOCS box containing protein 2; EMT,
epithelial-mesenchymal transition; NC, negative control.
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A

B

C

Figure 3 Knockdown of WSB2 inhibited the tumor growth of Xuanwei lung cancer. (A) Tumors were removed from tumor-bearing mice;
(B) the growth curves of tumors; (C) the histogram of tumors weight. *, P<0.05; **, P<0.01. WSB2, WD repeat and SOCS box containing
protein 2; NC, negative control.

of WSB2 suppressed the progression of lung cancer in
XWLC-05 more noticeable then A549.
Knockdown of WSB2 inhibited the tumor growth in vivo
In addition, the xenograft model in nude mice was
established by injecting the A549 and XWLC-05 which
were knockdown of WSB2. Our data revealed WSB2
down-regulation effectively delayed tumor growth
(Figure 3A,B,C). Hence, knockdown of WSB2 remarkably
inhibited the tumor growth of lung cancer in Xuanwei.

Discussion

WSB2 promoted the development of lung cancer in
Xuanwei through regulated Wnt/β-catenin signaling
Increasing evidences demonstrated that Wnt/β-catenin
signaling participate in the regulation of cancer (10-12).
In this study, we also validated whether Wnt/β-catenin
signaling was contributed to the tumor-promoting effect
of WSB2. As anticipated, our results revealed WSB2 could
modulate the expression levels of c-Myc and β-catenin,
two key proteins in Wnt/β-catenin signaling. Compared
with the NC group, the expression of c-Myc and β-catenin
decreased in the sh-WSB2 group, but increased in the OVWSB2 group (Figure 4A). Our data indicated that WSB2
regulated the Wnt/β-catenin signaling in lung cancer.
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Moreover, the weather WSB2 regulated the development
of lung cancer through Wnt/β-catenin signaling was
explored. The results showed that compared with the NC
group, WSB2 up-regulation could enhance cell growth,
cycle progression, EMT and invasion ability of A549 and
XWLC-05, while inhibited the cell apoptosis. However,
compared with the OV-WSB2 group, FH535 relieved the
cancer promoting effect caused by overexpression of WSB2
(Figure 4B,C,D,E,F,G). In conclusion, WSB2 promoted the
development of lung cancer, especially Xuanwei lung cancer,
which could be by activating Wnt/β-catenin pathway.

Since the mid-1970s, the morbidity and mortality of
lung cancer in Xuanwei continuously rises, and ranks the
first in China (14). Therefore, looking for an effective
therapeutic target for targeted therapy is an important
research direction (15). Our current findings indicated that
WSB2 was frequently over-expressed in both Xuanwei lung
cancer tissues and cells, and WSB2 act as oncogene in the
tumorigenesis of Xuanwei lung cancer through regulating
Wnt/β-catenin signaling.
Based on the severity of lung cancer in Xuanwei,
increasingly researchers are paying attention to it. A recent
study revealed that the predisposing risk factor for Xuanwei
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EMT-related proteins in A549 and XWLC-05 was measured by Western blotting; (G) cell invasion of A549 and XWLC-05 was examined using Transwell assay (×20). *,

cell cycle distribution (D) were quantified by flow cytometry; (E) levels of EMT-related proteins in A549 and XWLC-05 was measured by Western blotting; (F) levels of

related proteins in A549 and XWLC-05 was examined using Western blotting; (B) cell growth of A549 and XWLC-05 was detected by MTS assay; cell apoptosis (C) and

Figure 4 Wnt/β-catenin signaling mediated the tumor-promoting effect of WSB2 in Xuanwei lung cancer. (A) Relative expression of WSB2 and Wnt/β-catenin signaling
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Lung cancer in Xuanwei
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Figure 5 Schematic overview of the potential pathway involved in
the functional role of WSB2 in Xuanwei lung cancer. Upregulation
of WSB2 promoted cell proliferation, EMT, invasion and cell cycle
progression, and inhibited apoptosis of lung cancer in Xuanwei
through activation of Wnt/β-Catenin Signaling by elevating
expression of c-Myc and β-catenin. (red ↓) inhibit, (blue ↓)
promote. WSB2, WD repeat and SOCS box containing protein 2;
EMT, epithelial-mesenchymal transition.

lung cancer was delayed effect of the indoor air pollution
over 30 years (16). Mostly of the researches on lung cancer
in Xuanwei studied the complex interaction between
environmental factor or tobacco use and lung cancer
risk (17). As one of the WSB proteins, there are plenty of
researches focused on the function of WSB1, conversely,
there have been surprisingly few studies of the function of
WSB2. To our current knowledge, numerous researches
have found the frequently expression of WSB1 in
various types of cancer (18). Such as, WSB1 knockdown
significantly reduced the invasiveness of hormone receptor
negative breast cancer cells (19). Furthermore, there was
a research indicated that miR-592 could inhibit aerobic
glycolysis and growth hepatocellular carcinoma through
directly targeting WSB1 (20). Besides, a study reported
that WSB1 could rescue tumor cell senescence-induced
by oncogene through promoting the ubiquitination
degradation of ATM (21). While considering WSB2,
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one study found that WSB2 gene might be involved in
the development of myeloid leukemia through binding
to the COOH-terminal region of colony-stimulating
factor receptor and subsequently affecting its level and
function (22). And there was also a study indicating that
WSB2 expression was related to the resistance to prednisone
and vincristine in myeloma (23). Besides, a study found
that WSB2 was associated with poor clinical outcome of
malignant fibrous histiocytoma (24). Moreover, a recent
study suggested that WSB2 related to the overall survival
time period of estrogen receptor (ER)-positive breast cancer
patients with high risk scores (25). Additionally, knockdown
of WSB2 also could suppress growth and metastasis
through regulating p-Rb, CDK4 and cyclin D3 in melanoma
cells (13). Consistent with existing reports, our results revealed
that WSB2 was frequently elevated in lung cancer, especially
in Xuanwei lung cancer tissues and cell lines. Knockdown
of WSB2 notably reduced cell viability, cell invasion, EMT
process, while induced apoptotic cell death and cell cycle
arrest of Xuanwei lung cancer cells. Besides, we also found
that knockdown of WSB2 delayed tumor growth in vivo. Our
research supports that WSB2 acts as a crucial prognostic biomarker of lung cancer, notably lung cancer in Xuanwei.
Accumulating evidence has reported the regulatory roles
of Wnt/β-catenin signaling pathway in lung cancer. For
instance, circular RNA-ITCH suppressed proliferation
of lung cancer through inhibiting the Wnt/β-catenin
pathway (26). Besides, there was a study that found that
Wnt/β-catenin could regulate the stemness of lung cancer
stem cell, such as, curcumin inhibited lung cancer stem
cells through inactivation Wnt/β-catenin pathway (27).
Wnt/β-catenin pathway was activated abnormally in lung
cancer stem cells, and β-catenin knockdown effectively
reduced lung cancer stem cells properties (28). Moreover,
increasing evidence indicated that Wnt/β-catenin pathway
was associated with the carcinogenesis of NSCLC, for
example, a recent study found that FOXP3 facilitated the
tumorigenesis and progression of NSCLC via modulating
Wnt/β-catenin pathway (29). For example, SOX9 facilitated
metastasis and EMT process through Wnt/β-catenin
pathway (30). In view of the important role of Wnt/
β-catenin pathway in carcinogenesis and progression (31).
Accordingly, we also measured the levels of c-Myc and
β-catenin in A549 and XWLC-05, and found that it was
regulated by WSB2. Thus, based on all the findings, we
demonstrated that WSB2 regulated Xuanwei lung cell
growth and metastasis via regulating the Wnt/β-catenin
signaling (Figure 5).
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Conclusions
Taken together, current results suggest that WSB2 was
augmented in lung cancer, particularly in Xuanwei lung
cancer tissues and cells. Besides, overexpression of WSB2
also led to the activation of Wnt/β-catenin signaling.
Furthermore, inhibition of Wnt/β-catenin signaling relieved
the promotion of lung cancer caused by overexpression of
WSB2. Therefore, our study found that WSB2 promoted
the progression of lung cancer in Xuanwei by activation
of Wnt/β-catenin signaling pathway, which might act as a
therapeutic target for lung cancer, notably lung cancer in
Xuanwei.
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