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Abstract. The aim of the present study was to investigate the 
expression of WTH3 in tumor and normal breast tissue. The 
mRNA and protein expression levels of WTH3 were detected 
using reverse transcription quantitative polymerase chain 
reaction and western blot analysis, respectively. In addition, 
matrix metalloproteinase (MMP)-2 protein expression was 
measured. The effect of WTH3 expression on the prolifera-
tion activity of breast cancer cells was detected using a Cell 
Counting Kit-8 assay. Furthermore, the effects of WTH3 on 
the invasion and migration ability of the breast cancer cells 
was investigated. The results revealed that WTH3 was able 
to significantly inhibit the proliferation of the MCF-7 and 
MDA-MB-231 breast cancer cell lines. In addition, the inva-
sion and migration assay demonstrated that WTH3 was able 
to inhibit the invasion and migration of breast cancer cells. 
Western blot analysis revealed that increased expression of 
WTH3 resulted in decreased expression levels of MMP-2, 
which has an important function in the metastasis of cancer 
cells. In conclusion, WTH3 expression differed between the 
tumor and normal breast tissues. WTH3 was able to inhibit 
the proliferation of breast cancer cells and decrease their inva-
sion ability. Thus, WTH3 may be a promising target for breast 
cancer therapy in the future.

Introduction

Breast cancer is a common malignant tumor with a high 
mortality rate in females. According to World Health 
Organization statistics, ~1,500,000 cases occur each year 
worldwide, with ~200,000 new cases arising annually in China 
alone (1). There has been major development in the research of 
breast cancer pathogenesis, particularly in the field of onco-

gene protein expression, with the identification of cyclin D1, 
p53 and Rab (2-4). These proteins have varying expression 
levels in tumor and normal breast tissues, and are able to cause 
a variety of changes in the biological behavior of cells (2-4). 

WTH3 is a gene that was identified during early studies 
of multiple drug resistance (5). In a previous study involving 
drug-resistant MCF-7/AdrR cells, the promotor of the WTH3 
gene was hypermethylated and the expression of WTH3 was 
downregulated (6). WTH3 belongs to the Rab6 superfamily, 
whose expression product can bind to GTP. In contrast to 
Rab6s, which is located on the Golgi apparatus, WTH3 is 
primarily distributed in the cytoplasm and is unable to bind 
to the cytomembrane to perform its biological functions. 
According to the results of previous studies, WTH3 has an 
effect on the drug resistance of breast cancer cells and has a 
bidirectional regulatory function on certain cellular behav-
iors (7,8).

In the present study, the expression of WTH3 in breast 
cancer tissue was detected. In addition, an MCF-7 and 
MDA-MB-231 in vitro cell model was used to investigate 
the possible mechanisms underlying the effects of WTH3 on 
breast cancer.

Materials and methods

Clinical specimens and cell lines. Breast cancer tissue 
specimens were collected from five patients aged between 
55 and 60 years old at the Chongqing Hospital of Traditional 
Chinese Medicine (Chongqing, China). Written informed 
patient consent was obtained from the patients and the study 
was approved by the ethics committee of Chongqing Hospital 
of Traditional Chinese Medicine. Human breast cancer cell 
lines, MCF-7 and MDA-MB-231, were purchased from the 
Cell Resource Center of the Shanghai Institutes for Biological 
Sciences at the Chinese Academy of Sciences (Shanghai, 
China). MDA-MB-231-WTH3 (WTH3 overexpression) and 
MCF-7 WTH3-/- (WTH3 knockout) cell lines were previously 
established by the current research group and maintained in 
our laboratory. Cells were cultured in Dulbecco's modified 
Eagle's medium (DMEM; Gibco Life Technologies, Beijing, 
China) supplemented with 10% (v/v) heat-inactivated fetal 
bovine serum (FBS; Gibco) and penicillin-streptomycin 
(100 IU/ml-100 lg/ml; Gibco) at 37˚C in a humid atmosphere 
(5% CO2 to 95% air). The cells were harvested by brief incu-
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bation with 0.25% Tryptase (Sigma-Aldrich, St. Louis, MO, 
USA).

Reverse transcription quantitative polymerase chain reac‑
tion (PCR). Total RNA was extracted using an RNeasy kit 
(Sangon Biotech, Shanghai, China). Reverse transcription was 
conducted with 0.5 µg extracted RNA using the First Strand 
cDNA Synthesis kit (Beyotime Institute of Biotechnology, 
Haimen, China). PCR primer pairs were as follows: WTH3 
sense, 5'-GATGGAACAATCGGGCTTCG-3' and antisense, 
5'-GCTGCTACACGTCGAAAGAGC-3'; β-actin sense, 
5'-GACGACATGGAGAAGATCTGG-3' and antisense, 
5'-ATCGGGCAGCTCGTAGCTCTTC-3'), where β-actin was 
used as an internal control. The reaction was performed at 
95˚C for 5 min, followed by 35 cycles at 95˚C for 15 sec, 60˚C 
for 30 sec and 72˚C for 30 sec, and finally 72˚C for 10 min. 
PCR products were run on 2.0% agarose gels containing 
0.5 lg/ml ethidium bromide and photographed under a UV 
transilluminator; relative light intensities were analyzed using 
AlphaEaseFC software.

Western blot analysis. Western blot analysis was used to 
evaluate the protein expression levels of WTH3 and matrix 
metalloproteinase (MMP)-2 in breast tumor tissue and cancer 
cell lines in vitro. The tumor tissue was dispersed mechanically 
with phosphate-buffered saline (PBS) and the supernatant was 
collected, from which the protein concentration was deter-
mined using a bicinchoninic acid protein assay kit (Beyotime). 
The cancer cells were harvested and the cell lysates (30 µg 
protein/lane) were fractionated by 10% SDS-PAGE. The 
protein was electrotransferred onto polyvinylidene fluoride 
membranes (EMD Millipore, Billerica, CA, USA), and the 
protein levels were determined using the dilutions of the 
primary antibodies overnight at 4˚C, including a mouse poly-
clonal anti-WTH-3 (1:2,500, #ab168296; Abcam, Cambridge, 
MA, USA) and monoclonal anti-MMP-2 (1:800, #sc-13595; 

Santa Cruz Biotechnology, Inc., Dallas, TX, USA) antibodies. 
The primary antibodies were washed in 0.05% Tween-20/PBS, 
then incubated with a goat anti-mouse horseradish peroxidase 
(HRP)-conjugated IgG secondary antibody for 40 min at room 
temperature (1:800, ZDR-5307; ZSGB-BIO, Bejing, China). 
The bound antibodies were visualized using an enhanced 
chemiluminescence reagent (Amersham Pharmacia Biotech, 
Piscataway, NJ, USA) and quantified using a LAS 4000 mini 
chemiluminescence imaging system (GE Healthcare, Little 
Chalfont, UK).

Cell Counting Kit‑8 (CCK‑8) assay for cell proliferation 
activity. Breast cancer cells at the logarithmic growth phase 
were seeded into 96-well plates (2x103 cells/well). The cells 
were incubated at 37˚C for 18-24 h for adherence, after which 
incubation continued for 1-7 days to form a sigmoid growth 
curve. Cell proliferation activity was detected by adding 10 µl 
CCK-8 solution to each well, and the light absorbance of the 
solution [optical density (OD)] was measured at 450 nm using 
a microplate reader (Molecular Devices LLC, Sunnyvale, CA, 
USA). A cell growth curve was generated with time as the 
abscissa and OD450 as ordinates.

Invasion and migration assay. A 24-well Transwell chamber 
(Corning, Inc., Corning, NY, USA) was used to evaluate the 
motility and invasive ability of the carcinoma cells. The 
upper surfaces of the polycarbonate filters with 8 µm pores 
were coated with 100 µg Matrigel (Corning, Inc.). The lower 
chambers were filled with 800 µl DMEM with 10% FBS. A 
cell suspension (2.5x104 cells/100 µl) was placed in the upper 
chambers and incubated at 37˚C in a CO2 incubator. Following 
incubation, any cancer cells remaining on the upper surface 
of the filters were removed by wiping with cotton swabs. 
The cells that had migrated to the lower surface were stained 
with Giemsa stain (Sigma‑Aldrich). Five fields of vision were 
randomly selected and the number of cells on the lower surface 

Figure 1. Expression levels of WTH3. mRNA expression levels of WTH3 in (A) tumor and normal breast tissue and (B) MCA-MB-231 and MCF-7 cell lines. 
(C) Protein expression levels of WTH3.
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of the filters were counted under an Olympus microscope 
(Olympus Corporation, Tokyo, Japan) at a magnification of 
x400.

Statistical analysis. Data are presented as the mean ± standard 
deviation and were analyzed using SPSS 13.0 software (SPSS, 
Inc., Chicago, IL, USA). Statistical differences between groups 
were analyzed by one-way analysis of variance and Fisher's 
least significant difference t-test, where P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of WTH3 in breast cancer tissue. Compared with 
the normal breast tissue, the expression of WTH3 in breast 
tumor tissue was downregulated at an mRNA and protein level 
(Fig. 1A; P<0.001). The metastatic ability of MDA-MB-231 cells 
is higher compared with MCF-7 cells, and the mRNA expres-
sion of WTH3 in the MDA-MB-231 cells was lower compared 
with the MCF-7 cells (Fig. 1B; P<0.001). As shown in Fig. 1C, 
the expression of WTH3 in normal tissue was higher compared 
with tumor tissue, while in the same time in MDA-MB-31 
cells with high metastatic ability the expression of WTH3 was 
reduced compared with MCF-7 cells (Fig. 1B; P<0.001).

Measurement of cell proliferation capacity. As shown in 
Fig. 2, the proliferation ability of MDA-MB-231 cells was 
significantly stronger compared with that of MCF-7 cells. 
From day 2, the proliferation activity of MDA-MB-231 WTH3 
cells with overexpression of WTH3 was markedly decreased 
(P<0.05). Compared with the original MCF-7 cells, the WTH3 
knockout cell line, MCF-7 WTH3-/-, showed improved prolif-
eration activity (P<0.05)

Inhibition of breast cancer cell invasion and migration. The 
inhibitory effect of WTH3 on the invasion and migration 
of breast carcinoma cells was examined using an invasion 
assay with Matrigel-coated filters. The results showed that 
MDA-MB-231 cells had a higher invasive ability than MCF-7 
cells. Furthermore, the invasive ability of the WTH3 knockout 
(MCF-7 WTH3-/-) cell line was increased and WTH3 over-
expression cell line (MDA-MB-231 WTH3) were decreased 
(P<0.01). As shown in Fig. 3, WTH3 inhibited the invasion and 
migration of breast cancer cells.

Figure 3. Effect of WTH3 on breast cancer cell invasion and migration in 
(A) MDA-MB-231, (B) MDA-MB-231-WTH3, (C) MCF-7 and (D) MCF-7 
WTH3-/- cell lines. Cancer cells in various groups were placed on Matrigel-coated 
filters and incubated for 24 h. The number of cells passing through the filters was 
counted after staining with Giemsa (magnification, x400).

Figure 2. Effect of WTH3 on the proliferation of the various breast cancer 
cell lines. From day 2, the proliferation activity of MDA-MB-231 WTH3 
cells with overexpression of WTH3 was markedly decreased (P<0.05). 
Compared with the original MCF-7 cells, the WTH3 knockout cell line, 
MCF-7 WTH3-/-, showed improved proliferation activity (P<0.05). OD, 
optical density.

Figure 4. Effect of WTH3 on the protein expression of MMP-2 in breast 
cancer cells. MMP, matrix metalloproteinase.
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Effect of WTH3 on the expression of MMP‑2 in breast cancer 
cells. Compared with the original MDA-MB-231 cell line, the 
expression of MMP-2 in the MDA-MB-231 WTH3 cell line 
was decreased (P<0.01). MMP-2 expression in the MCF-7 
WTH3-/- cells was higher compared with the MCF-7 cell line 
(P<0.001). The expression levels of WTH3 and MMP-2 were 
shown to have a negative association (Fig. 4).

Discussion

Previous studies have demonstrated that mutations in the 
BRCA1, BRCA2 and P53 genes can partially explain the 
pathogenesis of breast cancer (8,9). However, the incidence 
of breast cancer may also be associated with other unknown 
genes, and studies have suggested that the tumorigenesis 
and metastasis of certain cancer types is strongly associated 
with the loss of Rab gene function (10-12). The Rab family is 
the largest subfamily of the small GTP-binding protein Ras 
superfamily, which plays a regulatory role as a GTP-dependent 
molecular switch at different stages of vesicular transport (13). 
The life processes of eukaryotic cells are accompanied by 
protein transport between organelles; this intracellular protein 
transportation is dependent on vesicular transport. Rab 
proteins are key regulatory factors in the process of intracel-
lular vesicle transport (14,15). Mutations in the Rab gene or 
abnormal expression may cause disorder in the process of 
vesicle transport. If proteins are unable to be accurately trans-
ported to their destination, a variety of diseases may arise, 
including tumors (3).

WTH3 is a newly identified member of the Ras family 
homologous to RAB6/RAB6C encoding small G proteins 
consisting of 254 amino acids, which protein is highly 
homologous to the protein of 208 amino acids encoded by 
RAB6/RAB6C (16,17). Differences between the proteins 
include substitutions at amino acids 19 and 22 in WTH3, and 
an extended sequence of 46 amino acids without cysteine in 
the carboxy-terminal of WTH3. Therefore, WTH3 does not 
undergo modification following translation and is unable to 
bind to the membrane to exert a biological function (18-20). 
Since WTH3 was identified during the study of tumor drug 
resistance, a number of studies have investigated the meth-
ylation and transcriptional regulation of the gene (5,21). In the 
present study, the expression level of WTH3 in human breast 
cancer tissue and breast cancer cell lines was investigated and 
an abnormal expression was observed. Using the previously 
constructed cell lines, the results of the present study indicated 
that WTH3 was able to inhibit certain biological behaviors of 
the breast cancer cells, including cell proliferation, migration 
and invasion. WTH3 may inhibit cell proliferation through the 
activation of one or more tumor suppressor genes, including 
the P53 transcription factor, or negative regulation of the 
WT transcription factor and DNA repair factors BRCA1 and 
BRCA2, all of which can be effective in promoting apoptosis 
and the inhibition of tumor cell growth (21,22). However, the 
exact mechanism underlying the effects of WTH3 requires 
further study.

Tumor invasion and metastasis is a multi-step cascade 
amplification process. The tumor cells leave the original 
lesions, pass through the extracellular matrix and basement 
membrane, migrate to the site of vascular invasion, adhere 

to the vascular endothelium, enter the circulatory system and 
migrate through blood vessels into the extracellular matrix 
to form metastases (23). During the entire process of tumor 
invasion and metastasis, the degradation of the basement 
membrane and extracellular matrix is important. MMPs are 
enzymes that are essential for this process. MMPs play a role 
in the degradation of the extracellular matrix by promoting 
epithelial-mesenchymal transition, promoting the activation 
of growth factors, their receptors and angiogenesis, and facili-
tating tumor invasion and metastasis (24-27). Previous studies 
revealed that the expression of MMP-2 in breast cancer tissue 
is higher compared with normal breast tissue. Such abnormal 
expression can promote tumor growth, invasion and metastasis 
by increasing the vascular permeability of cancer cells and the 
degradation of the extracellular matrix (28,29).

The results of the current study revealed that the breast 
cancer cell line with high invasive capacity, MDA-MB-231 
WTH3, had a lower invasive ability following elevation of 
WTH3 expression. In addition, the number of invasive and 
migratory cells was significantly decreased, which conse-
quently inhibited the malignancy of the cancer cells. However, 
in the MCF-7 WTH3-/- cell line, the invasion and metastatic 
ability of the cells was markedly increased as a result of WTH3 
gene knockout. Further investigation using the four cell lines 
demonstrated a negative association between MMP-2 and 
WTH3 expression, indicating that the inhibitory metastatic 
mechanism of WTH3 may be associated with its inhibitory 
effects on MMP-2 expression.

In summary, the expression of WTH3 differs between 
human breast cancer tissue and normal breast tissue. 
Furthermore, WTH3 can inhibit tumor proliferation, invasion 
and metastasis; thus, WTH3 is an important and promising 
therapeutic target for breast cancer therapy.
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