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Abstract. Prostate cancer is the second leading cause of cancer 
deaths among men in Western counties and has increased 
in incidence also in China in recent years. Although diag-
nosis modalities for primary prostate cancer have markedly 
improved, there are still no effective therapies for metastatic 
prostate cancer. SU6668 is an inhibitor of the tyrosine kinase 
activity of three angiogenic receptors VEGFR2, PDGFRβ and 
FGFR1. There is strong experimental evidence that SU6668 can 
induce growth inhibition of various primary tumors. However, 
the function and molecular mechanism of SU6668 in prostate 
cancer has not been fully elucidated. In the present study, we 
found that SU6668 inhibited the proliferation and invasion of 
prostate cancer cells. Functional studies also demonstrated 
that SU6668 inhibited epithelial-mesenchymal transition 
in DU145 and LNCap cells. After treatment with SU6668, 
MTDH protein, which has been reported to be significantly 
overexpressed in many human tumor tissues, was downregu-
lated in DU145 and LNCap cells. siRNA-mediated silencing 
of MTDH in prostate cancer cells decreased their proliferation 
and invasive capabilities, suggesting that SU6668 may inhibit 
cell proliferation and invasion of prostate cancer cells partly 
through downstream targeting of MTDH. Mechanistic inves-
tigations showed that AKT signaling pathway was inhibited 
after SU6668 treatment in prostate cancer cells. Moreover, 
a combination of SU6668 and PI3K-AKT pathway inhibitor 
LY29004 resulted in increased inhibition of cell proliferation 
and invasion in DU145 cells. Taken together, our findings 
revealed that SU6668 suppressed prostate cancer progression 
by downregulating MTDH/AKT signaling pathway and iden-
tified a promising therapeutic strategy for prostate cancer.

Introduction

Prostate cancer is the second most frequently diagnosed 
cancer in men world-wide (1,2). In China, the incidence 
rates of prostate cancer have been increasing dramatically 
in the last 10 years, partly due to the gradual increase of 
the aging population and wide use of screening tests. The 
current screening methods are the prostate-specific antigen 
(PSA) test, digital rectal examination (DRE) and transrectal 
ultrasonography (TRUS)-guided random biopsy  (3,4). 
Most prostate cancers (93%) are found when the disease is 
confined to the prostate and nearby organs. Patients who are 
diagnosed with localized prostate cancer and treated with 
radical prostatectomy often respond well to therapy. However, 
approximately 30% of patients will endure a relapse, and the 
5-year survival rate declines from 90% for localized prostate 
cancer to 28% for metastatic prostate cancer (5). Although 
the diagnosis and treatment modality for primary prostate 
cancer has improved, there are still no curative treatments for 
metastatic prostate cancer at the current time (6). Therefore, 
identifying new biomarkers and therapeutic strategies may 
prove beneficial to prevent progression and metastasis of this 
disease.

The sustained growth of solid tumors is dependent 
on angiogenesis; receptor tyrosin kinases (RTKs), which 
participate in the proliferation, invasion and survival, signal 
from tumor cells and stromal cells to endothelial cells 
that comprise the tumor vasculature (7). Evidence for the 
direct role of vascular endothelial growth factor (VEGF), 
basic fibroblast growth factor (bFGF) and platelet-derived 
growth factor (PDGF) in angiogenesis has been well docu-
mented (8). SU6668 is a small molecular weight synthetic 
kinase inhibitor of fetal liver kinase-1/kinase insert 
domain-containing receptor (Flk-1/KDR), PDGF receptor β 
(PDGFRβ) and FGF receptor 1 (FGFR1), for VEGF, PDGF 
and bFGF, respectively (8,9). SU6668 binds to these three 
tyrosine kinase receptors and competitively inhibits their 
phosphorylation, thereby producing inhibitory effects on 
vascular endothelial cell growth. The ability of SU6668 to 
inactivate signaling makes SU6668 well adapted to inhibit 
multiple tumor signal transduction pathways critical to 
tumor cell growth and survival (10). Until now, the function 
and molecular mechanism of SU6668 in angiogenesis has 
been well established. however, studies evaluating the role 
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of SU6668 in tumor cells are very rare and some studies 
have reported conflicting results  (9,11). Laird  et  al  (9) 
demonstrated that SU6668 is not a potent inhibitor of human 
cancer cells grown in culture. In contrast, Wang et al (11) in 
2013 found that SU6668 directly suppresses the prolifera-
tion of triple-negative breast cancer cells. These conflicting 
findings suggest that the role of SU6668 in human cancer 
cells needs to be further studied. Moreover, the effect and 
potential molecular mechanism of SU6668 in prostate 
cancer have not been analyzed in detail and thus still require 
clarification (12-15).

Metadherin (MTDH), also known as astrocyte elevated 
gene-1 (AEG-1), was first identified in primary human 
fetal astrocytes exposed to HIV-1 in 2002 (16-18). MTDH 
is overexpressed in many tumor tissues and is considered a 
novel oncogene  (19-21). Aberrant expression of MTDH is 
highly correlated with cell proliferation, migration, invasion, 
apoptosis and angiogenesis in a wide range of solid cancers, 
including breast cancer, glioblastoma, gastric and prostate 
cancer (22-26).

In the present study, we found that SU6668 inhibited 
proliferation, invasion and epithelial-mesenchymal transition 
(EMT) of prostate cancer cells. After SU6668 treatment, 
MTDH protein, which has been reported to be significantly 
overexpressed in many human tumor tissues, was downregu-
lated in DU145 and LNCap cells. Mechanistic investigations 
identified that the AKT signaling pathway was inhibited after 
SU6668 treatment in prostate cancer cells. Taken together, 
our findings revealed that SU6668 suppressed prostate cancer 
progression by downregulating the MTDH/AKT signaling 
pathway.

Materials and methods

Cell cultures. The human prostate cancer cell lines DU145, 
LNCap and PC3 were maintained in RPMI-1640 (Gibco/
Invitrogen, Sao Paulo, Brazil) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin. All cell 
lines used in the present study were cultured in a humidi-
fied environment containing 5% CO2 and held at a constant 
temperature of 37˚C.

Real-time PCR. Total RNA was extracted using Trizol 
reagent (Invitrogen) and reverse transcribed using the tran-
scriptase cDNA synthesis kit (Promega, Fitchburg, WI, USA) 
according to the manufacturer's instructions. Real-time PCR 
analysis was performed using SYBR Premix Ex Taq™ (cat. 
no. RR420A; Takara, Dalian, China) in an Applied Biosystems 
7500 Real-Time PCR system according to the manufacturer's 
instructions. Primers (F, AAGCAGTGCAAAACAGTTCACG 
and R, GCACCTTATCACGTTTACGCT) for MTDH mRNA 
expression detecting was synthetized by Sangon Biotech, Co., 
Ltd. (Shanghai, China).

Cell Counting kit-8. Cells were seeded in 96-well plates and 
the proliferation of the cells was assayed at 0, 24, 36 and 48 h 
using Cell Counting kit-8 (CCK-8; Dojindo Laboratories, 
Kumamoto, Japan) according to the manufacturer's instruc-
tions. Cell viability was assessed by the measurement of 
absorbance at 450 nm using a microplate reader.

Western blot analysis. Cells were treated in 6-well plates, 
washed three times by phosphate-buffered saline (PBS) and 
lysed for 10 min on ice in radioimmunoprecipitation assay 
(RIPA) buffer containing an anti-protease mixture. Protein 
concentration was measured by bicinchoninic acid assay 
(BCA). The protein fractions were resuspended in loading 
buffer and denatured at 100˚C for 10  min. Total proteins 
(20 µg/lane) were separated on 10% SDS polyacrylamide gels 
and transferred to polyvinylidene fluoride (PVDF) membranes. 
The membranes were then blocked in 5% fat-free milk Tris-
buffered saline, 0.1% Tween-20 (TBST) buffer for 2 h at room 
temperature. Primary antibodies were used according to the 
manufacturer's instructions.

Cell migration and invasion assays. Wound healing assay was 
used to assess cell migration. The migration was assessed by 
measuring the movement of cells into a scraped area created 
by a 200 µl pipette tip. Afterwards, cells were cultured in 
media supplemented with 0.1% FBS to eliminate the effect of 
cell proliferation.

Cell invasion was examined using a reconstituted extracel-
lular matrix membrane. Cells suspended at 4x104 cells/0.5 ml 
in serum-free media were placed in the top chambers and 
complete medium was added to the bottom chambers. The 
chambers were then incubated for 24 h. After incubation, 
the medium was removed from the top and bottom wells; 
the chambers were fixed with methanol for 30 min and then 
stained with crystal violet for another 30 min.

Cell cycle. Cells were harvested, washed once in PBS, and 
fixed in 70% ethanol for 48 h. The nuclei were stained with 
50  µg/ml propidium iodide (PI) in 1% Triton X-100/PBS 
containing 100  µg/ml DNase-free RNase, and the DNA 
content was analyzed by flow cytometry. The percentage of 
cells in each phase of the cell cycle was determined using the 
ModFit LT program.

Cell apoptosis. Cell apoptosis was evaluated using a FITC-
Annexin  V apoptosis detection kit. Briefly, cells were 
harvested and washed with cold PBS, then were centrifuged at 
1000 rpm for 5 min, and the pellet was resuspended in binding 
buffer in a 1.5-ml culture tube and later incubated with 5 µl of 
a FITC-conjugated Annexin V and 5 µl PI for 10 min at room 
temperature in the dark. The samples were analyzed by flow 
cytometry.

Statistical analysis. Data in this study were analyzed using 
Predictive Analystics Software (PASW) Statistics for Windows 
(version 18.0; SPSS, Inc., Chicago, IL, USA). All experiments 
were conducted at least three times. Values were presented as 
the mean ± standard deviation (SD). The statistical significance 
of differences between independent groups was determined by 
one-way analysis of variance (ANOVA). P-values <0.05 were 
considered statistically significant.

Results

SU6668 downregulates the expression of MTDH in prostate 
cancer cells. It has been reported that MTDH is associated 
with cancer cell proliferation and invasion (9,11). To evaluate 
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whether MTDH was affected during SU6668 inhibition 
of cancer cell progression, we first examined the protein 
expression level of MTDH in DU145, LNCap and PC3 cells 
(Fig. 1A and B). The results showed that DU145 and LNCap 
cells expressed higher levels of MTDH compared with the 
other cell lines than the PC3 cells, so DU145 and LNCap 
cells were chosen for our experiments. Furthermore, IC50 of 
DU145 and LNCap to SU6668 was measured through CCK-8 
at concentration of 0, 15, 30, 50, 100 and 150 µM and 0, 10, 
20, 40, 60, 80 and 100 µM, respectively. Cell proliferation 
is presented in Fig. 1C and D. IC50 of DU145 and LNCap to 

SU6668 was 98.6 and 63.976 µM, respectively, and calculated 
using SPSS.

SU6668 reverses epithelial-mesenchymal transition (EMT). 
EMT is a process by which epithelial cells lose their cell 
polarity and adhesion, and gain migratory and invasive 
properties to become mesenchymal cells (27-29). Initiation of 
metastasis requires invasion, which is enabled by EMT (29,30). 
We evaluated whether EMT was affected in DU145 and LNCap 
cells after SU6668 treatment. Western blot assay showed that 
the protein level of E-cadherin was increased, while that of 
N-cadherin and vimentin were decreased after SU6668 treat-
ment in DU145 and LNCap cells (Fig. 2), suggesting that 
SU6668 suppressed transition of epithelial cells to mesen-
chymal cells, namely the invasion of epithelial cells.

SU6668 suppresses cell proliferation, migration and inva-
sion in DU145 and LNCap cells. To determine the role of 
SU6668 in prostate cancer, we first measured cell prolifera-
tion of DU145 cells after treatment with (98.6 µM) SU6668 
for 6, 12, 18, 24, 32, 48 and 72 h. CCK-8 assays indicated 
that cell proliferation was significantly inhibited at 48 and 
72 h (Fig. 3A). The role of SU6668 in the regulation of cell 
migration and invasion was assessed by the scratch healing 
assay and by reconstituted extracellular matrices in porous 
culture chambers. The results showed that cell migration and 
invasion was suppressed in DU145 and LNCap cells after 
treatment with SU6668 (Figs. 3B and C and 4A and B). Cell 
apoptosis was determined by staining the cells for Annexin V 
and PI. Figs. 3D and 4C show that cell apoptosis increased 
significantly after SU6668 treatment in DU145 and LNCap 
cells, compared with the control group (27.8 vs. 7.8 and 26.6 
vs. 6.7%). SU6668 increased the proportion of cells in the G1 
phase and decreased the proportion of cells in the S phases 
compared with the control of DU145 and LNCap cells (30.7 vs. 
18 and 29.86 vs. 19.58%; Fig. 3E and Fig. 4D). Together, these 
results demonstrate that SU6668 functions as antitumor agent 
in prostate cancer.

Silencing of MTDH inhibits cell proliferation and invasion. 
MTDH acts as an oncogene in melanoma, malignant glioma, 

Figure 1. SU6668 downregulates expression of MTDH in cell lines. 
(A and B) The expression of MTDH in different prostate cancer cell lines was 
measured by real-time PCR and western blot analysis. DU145 and LNCap 
cells express higher level of MTDH compared with PC3 cells. (C) Cell pro-
liferation of DU145 cells treated with 0, 15, 30, 50, 100 and 150 µM. *p<0.05. 
(D) Cell proliferation of LNCap cells treated with 0, 10, 20, 40, 60, 80 and 
100 µM. *p<0.05.

Figure 2. SU6668 reverses epithelial-mesenchymal transition. (left panel) 
The protein levels of EMT markers were evaluated by western blotting. 
E-cadherin was upregulated, while N-cadherin and vimentin were down-
regulated in DU145 cells. (right panel) The protein levels of EMT markers 
were similar with DU145 cells in LNCap cells. 
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breast cancer and hepatocellular carcinoma (31,32). To further 
demonstrate that MTDH is a critical gene involved in the 
SU6668-induced phenotypes of prostate cancer cells, we 
first silenced the expression of MTDH by siRNAs in DU145 
cells. The role of MTDH in regulating cell proliferation was 
assessed by CCK-8 assay. The results showed that knockdown 
of MTDH expression arrested cell proliferation compared with 
the control in DU145 and LNCap cells (Figs. 5A and 6A). In 
the wound healing assay, migration ability of tumor cells was 
significantly reduced after knockdown of MTDH expression 
in DU145 and LNCap cells (Figs. 5B and 6B). Cell invasion 
ability was assessed by reconstituted extracellular matrices 
in porous culture chambers. As shown in Figs. 5C and 6C, 
DU145 and LNCap-siRNA cells showed reduced invasive 
capacity compared with the control cells. However, cell 
apoptosis increased significantly after silencing the expres-
sion of MTDH in DU145 and LNCap cells (Figs. 5D and 6D). 

Next, we examined the cell cycle phase distribution by flow 
cytometry. Only 15.76 of DU145-siRNA cells and 15.94% 
of LNCap-siRNA cells were distributed to S phase, whereas 
29.2 of DU145-control cells and 28.75% LNCap-control cells 
were in the S phase of the cell cycle (Figs. 5E and 6E). Taken 
together, these results suggest that silencing MTDH expression 
has a significant effect on reducing cell proliferation and inva-
sion of prostate cancer cells.

SU6668 suppresses the activity of PI3K-AKT pathway in 
prostate cancer cells. Considering that the PI3K-AKT is one 
of the most important downstream pathways of MTDH (33), 
the expression levels of p-AKT and p-PI3K were measured by 
western blot analysis in DU145 and LNCap cells. The results 
showed that SU6668 downregulated the expression of MTDH 
and suppressed activation of the AKT signaling pathway, 
and that PI3K-AKT pathway inhibitor LY29004 induced 

Figure 3. SU6668 inhibits cell proliferation, migration and invasion in DU145 cells. (A) CCK-8 assay showing tumor cell growth after treatment with SU6668. 
Cell growth was markedly inhibited starting 24 h after SU6668 treatment in DU145 cells. (B) Effect of SU6668 treatment on cell migration in DU145 cells. 
Scratch healing assay indicated that SU6668 inhibited cell migration. (C) SU6668 impaired cell invasion of prostate cancer cells. Representative images of 
invaded cells are shown. (D) Cell apoptosis as examined by flow cytometry showed that SU6668 induced cell apoptosis in DU145 cells. (E) The cell cycle phase 
distribution was examined by flow cytometry. The proportion of SU6668-treated cells in the S phase was decreased compared with the proportion of control 
cells. Data are shown as mean ± SD. p<0.05.
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inactivation of the AKT pathway (Figs. 7 and 8). Moreover, 
the combination of SU6668 and LY29004 resulted in greater 
inactivation of AKT pathway compared with treatment with 
either of these agents alone (Figs. 7 and 8).

The AKT signaling pathway is involved in SU6668-induced 
phenotypes. To determine whether the AKT signaling pathway 

is involved in SU6668-induced cell apoptosis and prolifera-
tion, LY29004, a small molecule inhibitor of the PI3K-AKT 
pathway, was used as a positive control. As shown in Figs. 9 
and 10, LY29004 induced cell apoptosis and cell cycle arrest 
in DU145 and LNCap cells. Moreover, after SU6668 treat-
ment, the percentage of apoptotic cells increased noticeably 
compared with the control (25.9 vs. 11.7 and 22 vs. 8%; 

Figure 4. SU6668 inhibits cell proliferation, migration and invasion in LNCap cells. (A) Effect of SU6668 treatment on cell migration in LNCap cells. Scratch 
healing assay demonstrated that SU6668 inhibited cell migration. (B) SU6668 impaired cell invasion of LNCap cells. Representative images of invaded cells 
are shown. (C) Cell apoptosis as examined by flow cytometry showed that SU6668 induced cell apoptosis in LNCap cells. (D) The cell cycle phase distribution 
was examined by flow cytometry. The proportion of SU6668-treated cells in the S phase was decreased compared with the proportion of control cells. Data 
are shown as mean ± SD. p<0.05.
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Figs. 9A and 10A), consistent with our above results (Fig. 3). 
Next, we examined prostate cancer cell apoptosis after treat-
ment with a combination of SU6668 and LY29004 in DU145 
and LNCap cells and found that the percentage of apoptotic 
cells reached 29.7 and 34.7%, respectively, which is higher 
than when either agent was used alone (Figs. 9A and 10A). By 
contrast, flow cytometric results showed that the percentage of 
prostate cancer cells in S phase was markedly reduced after 
treatment with SU6668 and LY29004 in DU145 cells (11.57 of 
combination-treated cells vs. 26.75 of control cells vs. 19.84% 
of SU6668 treated cells; Fig. 9B) and LNCap cells (10.94 of 
combination-treated cells vs. 30.79 of control cells vs. 21.83% 
of SU6668 treated cells; Fig. 10B). In line with this finding, the 
migration and invasion ability of DU145 or LNCap cells was 
also affected after treatment with SU6668 and LY29004. The 
ability of cell migration and invasion was assessed by scratch 
healing assay and invasion chambers. As shown in Figs. 11 
and 12, compared with the control group, cell proliferation 
(Figs.  11A and 12A), migration (Figs.  11B and 12B) and 

invasion (Figs. 11C and 12C) of the prostate cancer cells was 
significantly decreased after treatment with either agent alone 
or both in combination in DU145 and LNCap cells, respec-
tively. Together, these data suggest that PI3K-AKT signaling 
pathway is involved in SU6668-induced suppression of cell 
proliferation, migration and invasion.

Discussion

SU6668, a novel tyrosine kinase inhibitor, can act on VEGFR2, 
PDGFRβ and FGFR1, competing with ATP binding sites so as 
to inhibit the activity of several tyrosine and serine/threonine 
protein kinases (9,34). SU6668 can target not only endothelial 
cells but also tumor cells and surrounding stromal cells (35). 
Numerous studies have demonstrated that SU6668 inhibits 
tumor vascularization and growth of tumor xenografts in 
several types of human cancers (9,13), including breast, lung 
cancer, colon cancer and glioma. Prostate cancer is one of 
the most frequently diagnosed malignancies in men all over 

Figure 5. siRNA-mediated MTDH silencing inhibits cell migration and invasion in DU145 cells. (A) CCK-8 assay showed that cell proliferation was suppressed 
in MTDH knockdown cells compared with the NC. (B) MTDH knockdown in DU145 cells greatly inhibited cell migration as compared with the control. 
(C) MTDH knockdown in DU145 cells greatly suppressed its invasion ability as compared with the control. Representative images of invaded cells are shown. 
(D) Cell apoptosis increased significantly in MTDH knockdown cells. (E) Cell cycle was examined by flow cytometry. The results showed that the proportion 
of cells in the S phase was decreased in MTDH knockdown cells compared with the control. Data are shown as mean ± SD. p<0.05.
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Figure 6. siRNA-mediated MTDH silencing inhibits cell migration and invasion in LNCap cells. (A) CCK-8 assay indicated that cell proliferation was sup-
pressed in MTDH knockdown cells compared with the NC. (B) MTDH knockdown in LNCap cells greatly inhibited cell migration as compared with the 
control. (C) MTDH knockdown in LNCap cells highly suppressed its invasion ability as compared with the control. Representative images of invaded cells 
are shown. (D) Cell apoptosis increased significantly in MTDH knockdown cells. (E) Cell cycle was examined by flow cytometry. The results showed that the 
proportion of cells in the S phase was decreased in MTDH knockdown cells compared with the control. Data are shown as mean ± SD. p<0.05.

Figure 7. SU6668 inactivates the PI3K-AKT pathway in DU145 cells. SU6668 
inhibited EMT process and suppressed the activation of the AKT signaling 
pathway in DU145 cells. Moreover, the combination of SU6668 and LY29004 
resulted in a greater degree of AKT pathway inactivation.

Figure 8. SU6668 inactivates the PI3K-AKT pathway in LNCap cells. Being 
similar with DU145 cells, SU6668 inhibited EMT process and suppressed 
the activation of the AKT signaling pathway in LNCap cells. Moreover, the 
combination of SU6668 and LY29004 resulted in a greater degree of AKT 
pathway inactivation.
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the world. Unfortunately, there are no curative treatments for 
metastatic prostate cancer at the current time. Actually, the 
function and molecular mechanism of SU6668 in prostate 
cancer cells have not been analyzed in detail. In the present 
study, we found that SU6668 inhibited the proliferation and 
invasion of prostate cancer cells and induced cell apoptosis. 

Furthermore, functional studies also demonstrated that 
SU6668 inhibited EMT in DU145 and LNCap cells. These 
findings suggested that SU6668 acted as a novel antitumor 
agent that induced regression of prostate cancer.

It has been reported that the expression level of MTDH 
is elevated in many types of human cancer, including breast, 

Figure 9. AKT pathway is involved in SU6668-induced cell apoptosis and proliferation in DU145 cells. (A) Cells that had undergone apoptosis were stained 
with PI and Annexin V, and analyzed by flow cytometry. The number of apoptotic cells dramatically increased after treatment with SU6668 and AKT inhibitor 
LY29004. (B) Flow cytometry also showed that the percentage of prostate cancer cells in S phase was markedly reduced after treatment with SU6668 and AKT 
inhibitor LY29004 (11.57 vs. 26.75 of control cells and 19.84% of SU6668 treated cells).

Figure 10. AKT pathway is involved in SU6668-induced cell apoptosis and proliferation in LNCap cells. (A) Cells that had undergone apoptosis were stained 
with PI and Annexin V, and analyzed by flow cytometry. The number of apoptotic cells dramatically increased after treatment with SU6668 and AKT inhibitor 
LY29004. (B) Flow cytometry also showed that the percentage of prostate cancer cells in S phase was greatly reduced after treatment with SU6668 and AKT 
inhibitor LY29004 (10.94 vs. 30.79 of control cells and 21.83% of SU6668 treated cells).
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Figure 11. Combination of SU6668 and LY29004 suppresses cell proliferation, migration and invasion in DU145 cells. (A) CCK-8 assay showed that cell 
proliferation was suppressed. (B) Cell migration was inhibited by SU6668 and LY29004. (C) Cell invasion was suppressed by SU6668 and LY29004. Data 
are shown as mean ± SD.

Figure 12. Combination of SU6668 and LY29004 suppresses cell proliferation, migration and invasion in LNCap cells. (A) CCK-8 assay indicated that cell 
proliferation was suppressed. (B) Cell migration was inhibited by SU6668 and LY29004. (C) Cell invasion was suppressed by SU6668 and LY29004. Data 
are shown as mean ± SD.
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prostate and lung cancer (11,31). Moreover, overexpression of 
MTDH is critically involved in many components of cancer 
progression, including initiation, proliferation, migration and 
invasion (20,36), which prompted us to investigate whether 
MTDH was involved in SU6668-induced suppression of pros-
tate cancer. In the present study, our data indicated that MTDH 
protein was downregulated after treatment with SU6668 
in DU145 and LNCap cells (Fig. 1). Knockdown of MTDH 
expression decreased the proliferation and invasive capabili-
ties of prostate cancer cells in vitro, suggesting that SU6668 
inhibited cell proliferation and invasion partly through down-
stream targeting of MTDH (Fig. 4). EMT plays an important 
role in the tumor invasion process. Our results revealed that 
E-cadherin was increased and that N-cadherin and vimentin 
were decreased after the expression of MTDH was downregu-
lated in DU145 and LNCap cells (Figs. 7 and 8), suggesting 
that SU6668 could inhibit EMT-mediated cell migration and 
invasion. However, further experiments are needed to elucidate 
the mechanism of SU6668 in regulating MTDH expression 
and the role of MTDH during EMT-mediated processes.

The PI3K-AKT-mTOR pathway regulates cell growth and 
proliferation and is often dysregulated in cancer due to post-
translational modifications (37). It is an intracellular signaling 
pathway that is important for cell apoptosis, malignant 
transformation and tumor progression. The activation of the 
PI3K-AKT-mTOR pathway has been strongly implicated in 
prostate cancer progression (38,39). Taylor et al (38) reported 
that alterations in the PI3K-AKT-mTOR pathway were found 
in 42% of primary prostate tumors and 100% of metastatic 
tumors. The PI3K-AKT pathway is a major signaling pathway 
regulated by MTDH and produces MTDH-induced alterations 
in cancer cell proliferation and invasion (40). In investigating 
the molecular mechanisms of MTDH-mediated proliferation 
and invasion of prostate cancer cells, we first observed that 
downregulated expression of MTDH led to a decrease in 
p-AKT level (Figs.  7 and 8). Moreover, a combination of 
SU6668 and the AKT pathway inhibitor LY29004 resulted in 
increased inhibition of cell proliferation and invasion in DU145 
and LNCap cells (Figs. 9-12). However, our results indicated 
that AKT pathway inhibitor LY29004 also downregulated the 
expression of MTDH, suggesting the existence of a reciprocal 
regulatory loop between MTDH and the PI3K-AKT pathway. 
Additional work is being performed to investigate whether 
there is a reciprocal regulatory loop.

In summary, the present study revealed that SU6668 
suppressed prostate cancer progression via the MTDH/AKT 
signaling pathway, providing a potential therapeutic strategy 
for prostate cancer.
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