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Abstract
Background

Epithelial to mesenchymal transition (EMT) of prostate cancer (PCa) cells facilitates their progress to
metastasis. We have recently reported Akt1 is an important EMT regulator, and silencing Akt1 induced
EMT and inhibited the growth of PCa cells. These results imply Akt1 silencing may increase starvation
resistance of PCa cells. However, little is known about the role of Akt1 of PCa cells in starvation.

Methods

Apoptosis was detected by TUNEL and �ow cytometry, cell invasion was detected by transwells and ECIS,
lung metastasis was evaluated by tail vein injection animal model, variation of EMT markers was
detected by Western-blot.

Results

We found starvation slowed down the growth and proliferation, and increased apoptosis of PCa cells;
Silencing Akt1 gene inhibited these effects of starvation and decreased E-cadherin. Akt1 silencing
enhanced invasion induced by starvation of PCa cells in vitro ; however, it inhibited lung metastasis
induced by starvation of PCa cells in vivo unexpectedly.

Conclusion

Starvation or silencing Akt1 alone can promote lung metastasis of PCa cells, however, silencing Akt1
while starving PCa cells can signi�cantly inhibit this function via EMT independent of E-cadherin.

Background
Prostate cancer (PCa) is the most common cancer in men; it is the second leading cancer related death
among men in United State[1]. In the process of tumor proliferation, nutrients are required for solid tumors
to grow. Without nutrition supporting, tumors can’t grow to particular size, this phenomenon is also
known as Warburg effect[2]. Many therapeutic strategies aimed to cut off the nutritional supply of cancer
cells, such as anti-angiogenesis and metabolism strategy, which have achieved good results at the
beginning, and once brought hope to human, but �nally scientists found that starvation didn’t kill all
cancer cells, eventually cancer will still progress.

On one hand, starvation is a cellular stress that induces apoptosis or death of cancer cells[3], on another
hand, cancer cells adapt to harsh environments through a series of changes. Through these processes,
the invasion of cancer cells enhanced, resulting in increased cell invasion[4]. After starvation exposure,
cancer cells obtain the invasion and metastasis ability through Epithelial mesenchymal transition (EMT)
process[5]. By EMT process, epithelial cells transformed into �broblast-like mesenchymal cells in some
physiological and pathological process, which signi�cantly enhanced the invasion and metastatic ability



Page 3/20

of cancer cells[6]. Through EMT, cancer cells acquire stem cell like characteristics, reduce proliferation
and demand for nutrients[7, 8]. These changes reduced nutrition consume and facility cancer cells
survive in starvation.

For many years, our researches focus on EMT regulatory mechanism. We found that Akt1 gene, main
subtype of Akt, is not only an important regulator of cell growth and proliferation, but also an important
regulator of EMT[9]. Akt1 regulates the growth and metabolism of cancer cells, Akt1 silencing could
inhibit the growth and proliferation of PCa cells[10], and enhance cancer cells invasion via EMT[9].
Because the cells proliferation and growth inhibited by Akt1 silencing, the demand for nutrients may be
greatly reduced. These results implied Akt1 silencing have potential ability to enhance the starvation
resistance of cancer cells. Although there are some studies on the role of Akt1 or starvation of PCa cells,
little is known about the role of Akt1 of PCa cells in starvation.

E-cadherin is a cell-cell adhesion protein, and belongs to type-I classical cadherins alongside N-cadherin,
P- cadherin, R- cadherin and M- cadherin. Down regulation of E-cadherin is often found in malignant
epithelial cancers, thus E-cadherin was considered as a potent tumor suppressor[11, 12]. Most studies
show that the decrease of E-cadherin expression is the characteristic of EMT. Loss of E-cadherin in cancer
cells leads to cancer metastasis and activation of many EMT transcription factors[13]. However, some
researchers believe that loss of E-cadherin is not the cause of EMT, nor the necessity of EMT, and the
recovery of E-cadherin expression cannot reverse EMT[14]. The role of E-cadherin for metastasis is also
different in different cancer cells. For some cell lines, the absence of E-Cadherin is not conductive to the
formation of distant metastases in cancer cells[15]. For some cell lines, cancer cells can cause
metastases independent of E-cadherin[16]. As we know, E-cadherin is regulated by Akt1 in PCa silencing
Akt1 induced E-cadherin decreased to very low level. Based on this, the present study used DU145 (E-
cadherin negative) and PC3 (E-cadherin positive) PCa cells lines, aimed to investigate the role of E-
cadherin in PCa metastasis regulated by Akt1 in starvation.

In our study, we found PCa cells induce lung metastasis doesn’t depend on E-cadherin; PCa cells can form
lung metastasis without E-cadherin. In addition, Akt1 silencing enhanced invasion induced by starvation
of PCa cells in vitro; however, it inhibits lung metastasis induced by starvation of PCa cells in vivo
unexpectedly. This contradictory result is related to the different mechanism of metastasis regulation of
cancer cells in vivo and that in vitro. Starvation may maintain the phenotype of mesenchymal cells of
Akt1 silencing PCa cells; although this change can enhance the invasion of cells in vitro, it is not facility
to cause lung metastasis in vivo. These �ndings give us new information about cancer metastasis
mechanisms; which further elucidate the role of Akt1 in the starvation of PCa cells. Our results may be
helpful for the treatment of PCa based on starvation theory, such as anti-angiogenesis or cancer
metabolism strategy.

Materials And Methods
Cell culture and Animals
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Human PCa cell lines DU145 and PC3 were purchased from ATCC (Manassas, VA). And Primary HUVECs
was obtained from Lonza (CC-2527; Lonza, Allendale, NJ). PC3 and DU145 cells were maintained in
DMEM medium (Hyclone, Logan, UT) with 10 % FBS, 100 U/ml penicillin and streptomycin. Primary
HUVECs (CC-2527; Lonza, Allendale, NJ) were maintained in EBM-2 medium with a GM-2 Bullet Kit
(Lonza; Walkersville, MD). The cells were maintained at 37°C in a humidi�ed incubator containing 5%
CO2, and were passed on routinely at 80-90% con�uence.

Eight-week old male nude mice (22-26g) necessary for the lung metastasis experiments were purchased
from Animal experiment management center of Chongqing Medical University (BALB/c background,
Chongqing, China). All animal experiments were carried out in accordance with guideline set by
Chongqing Medical University (Chongqing, China).All studies involving animals are reported in
accordance with the ARRIVE guidelines for reporting experiments involving animals. Carbon dioxide
asphyxiation followed by cervical dislocation was performed for killing. Iso�urane inhalation was used
for anaesthesia. This study was approved by the ethics board of our university.

Generated ShAkt1 stable cell lines

PC3 and DU145 cells with stable knock-down of Akt1 ShRNA Akt1 de�cient , Sh Akt1 and respective
control cells (control) were generated usinghU6-MCS-EGFP lentiviral vector (109 p.f.u.) (JiKai, Shanghai
China). The stable ShAkt1 cell line generated as previous study[9]. Brie�y, PC3 and DU145 cells were
cultured into 6-well plates, and then infected by lent virus solution with polybrene (Sigma-Aldrich) for 16
hours, and then fresh medium was changed. Three days later, transfection e�ciency was tested through
GFP expression and subjected to 4 μg/ml purinomycin (Life Technologies, Grand Island, NY) selection
until GFP was expressed in all cells. After selection, the cells were maintained in complete DMEM medium
containing 0.6 ng/ml purinomycin.

Cell viability Assay

DU145 and PC3 cells were plated at a density of 1000 cells/well in 96-well plate with 100 ul growth
medium at each well. At the end of indicated time-point, fresh media containing 20μl of MTT (5 mg/ml
stock) was added, and incubated for another 4 h in a CO2 incubator. At the end, media was removed and
150 μl of DMSO was added to each well. Color intensity was measured by taking absorbance at 540 nm.
Four times independent experiments were performed.

Foci (colony) formation assay

The cells were seeded into 6-well plates at a concentration of 500 cells per well. After 14 days of
standardized culture, colony counts and rates were calculated after the colonies were �xed with absolute
methanol and stained with 0.1 % crystal violet. Colonies of >50 cells were counted.

Detection of apoptosis by �ow cytometry
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The cellswere simultaneously stained with Alexa Fluor 488-conjugated Annexin-V and PI, usingthe
Vybrant Apoptosis Assay kit (Molecular Probes, USA),according to the manufacturer’s instructions.
Samples were analyzed by Facscalibur �ow cytometer.The percentage of apoptotic cells estimated by
means of the Cell Quest Pro software. The simultaneous staining of cells with Annexin-V and PI allowed
the resolution of viable cells (A-/PI-), early apoptotic cells (A+/PI-), necrotic cells (A-/PI+) and late
apoptotic cells (A+/PI+).

Cancer cells invasion detected by Transwells

Invasion assay was performed using matrigel invasion chambers from BD Biosciences as previous
study[17]. Brie�y, we used 24 wells invasion chamber with 8 um pores coated with Matrigel to detect the
invasion. DU145 and PC3 cells were seeded on the top chambers, after 10 hours of incubation, the cells in
the upper chamber were wiped off with cotton swab. The invaded cells in the lower membrane surface
were �xed with eosin staining. After three washes with PBS, the cells were counted under a microscope
(Olympus, Japan).

ECIS assay for cancer cell micro-invasion

The ability of cancer cells to penetrate the endothelial cell monolayer was used to study the migration
(micro invasion) of cancer cells across the endothelial cell monolayer, thus destroying the integrity of the
endothelial barrier (measured as the resistance of the endothelial cell monolayer), which was measured
by cell matrix impedance sensing (ECIS) technology( Applied Biophysics ,Troy, NY). We performed as
previous study[18]. Brie�y, HMEC was seeded on gelatin coated ECIS array (8w10e) + with a density of
1:1. Each array contains 8 holes and each hole has 16 gold electrodes. The dish was supplemented with
fresh medium 24 hours after sowing, and the experiment began when the cells reached the monolayer.
PC3 and DU145 cells with concentration of 0.5x105/well were added to HMEC monolayer. After that,
measure the resistance in multi-frequency mode.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) assay

The TUNEL assay for the in situ detection of apoptosis was performed using an apoptosis detection kit
(Roche, California, USA) following the manufacturer’s instructions.Brie�y, cells were �rst �xed with 4 %
paraformaldehyde for 30 minutes at room temperature, washed twice with PBS, and then permeabilized
with 0.1 % Triton X-100. The cells were then �xed in 20 μg / ml protease K for 20 minutes, washed twice
with PBS, and then stained in sequence with TUNEL reaction mixture.TUNEL positive cells are brown in
nucleus. In order to show other normal nuclei, we used hematoxylin to re-dye the nuclei for counting.

Lung metastasis analysis in vivo

Nude mice were randomly divided into four groups each group has 10 mice, 5 mice for 2 weeks model
study and 5 mice for 3days model study for the administration of DU145 cells. Cells (0.5×106)
suspended in sterile normal saline were injected (i.v.) to each group of mice separately via the tail vein.In
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all experiments, mice were assessed for metastasis at 3 days and 2 weeks after DU145 cells were
administered. 3 days model designed for detecting early metastasis stage and 2 weeks model for late
stage. For 2 weeks mouse model, 1.5 ml of 15 % India-ink solution was injected intratracheally to stain
the lungs and visualize non-stained the tumor nodules. Then lung were then harvested and put in
Fekete”s solution(300 ml 70 % ethanol, 30 ml 37 % formaldehyde, 5 ml glacial acetic acid), then put in
fresh Fekete’s solution overnight. The metastasis tumor nodules are white. For 3 days mouse model, mice
lung tissue was made into frozen sections, then sections mounted with coverslips with Vectashield
mounting solution containing DAPI (Vector Laboratories, Burlingame, CA). The number of GFP containing
cancer cells was viewed under confocal imaging microscope (LSM510, Carl Zeiss, Germany).

Western blot analysis

Western blotting was performed as described previously[19]. Brie�y, Cells were collected and washed
three times with a phosphate buffer (PBS). Extraction of cells were lysated by Ripa buffer containing
protease and phosphatase inhibitor cocktail (Sigma, St Louis, MO). The homogenate was centrifuged at
4 ℃ at 10000 × g for 20 minutes. The supernatant was collected and the protein concentration was
determined by Bradford protein test kit (Bio-Rad, Hercules, USA). Samples were separated on 8-12 % SDS-
PAGE gels, and then transferred onto PVDF membrane. According to the primary antibody, the imprinted
membrane was sealed with 5 % milk or 5 % bovine serum albumin for 30 minutes, followed by incubation
with primary antibodies against Caspase-3, E-cadherin, ZO-1, Claudin-5 or N-cadherin etc. (1: 1000
dilution), and β-actin (1: 5000 dilution), respectively. After that, the membrane was incubated horse radish
peroxidase (HRP)-conjugated secondary antibodies (1: 5000, Abcam, Cambridge, MA). After developing
the membrane with ECL reagent (Life Technologies, Grand Island, NY), the expression of the protein was
observed.

Statistical Analysis

All the data are expressed as Mean + SD and were calculated from multiple independent experiments.
The Student’s two-tailed t test or ANOVA were used to determine signi�cant differences among groups
using SPSS 11.0 software. Data with p< 0.05 were considered to have signi�cant differences.

Results
1. Starvation signi�cantly reduces the growth of PCa cells; silencing Akt1 gene signi�cantly reduces the
response of PCa cells to starvation.

To clarify the response of PCa cells to Nutrient starvation (NST), we used prostate cancer cell line DU145
and PC3 cell lines. E-Cadherin is an important intercellular junction protein between epithelial cells. The
decrease of E-Cadherin level is considered as a marker of EMT.DU145 cells do not contain E-Cadherin,
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while PC3 cells contain this molecule.Based on this, it is facilitated to study the EMT mechanisms of PCa
using PC3 and DU145 cells in starvation. In the present study, we developed a 10 cycles of NST of PCa
cells to establish cell starvation model to mimic the environment in clinic, in which Pca cells were
continuously repeated exposed to NST.

As previous studies, Akt1 is an important regulator for cell growth and proliferation[20, 21]. In order to
explore the function of Akt1 gene on NST of PCa cells, we developed stable Akt1 silencing Pca cells. We
used MTT and Cell number methods to detect cell growth. Our study found that starvation decreased cell
growth of PCa cells in control PCa cells (Fig.1 A-D, p<0.01). Interestingly, in ShAkt1 cells, the cell growth
was not signi�cant different after starvation (Fig.1 A-D, p>0.05). These results indicated the response to
NST was inhibited in ShAkt1 PCa cells.

Then, we used colony formation to study the effects of Akt1 gene silencing on cell proliferation in
starvation. We found that starvation signi�cantly reduced the number of colony in control cells (Fig.1 E-H,
p<0.01). In ShAkt1 cells, starvation didn’t signi�cantly reduced the number of colony, the colony number
was not signi�cantly different between ShAkt1 cells and ShAkt1+NST cells (Fig.1 E-H, p>0.05), but the
number of Sh Akt1 cells was still signi�cantly lower than that of control cells (Fig.1 E-H, p<0.01). These
results demonstrated silencing Akt1 and starvation decreased proliferation of PCa cells.

2. Starvation induces apoptosis of PCa cells; silencing Akt1 gene signi�cantly inhibits starvation-induced
apoptosis of PCa cells.

In this study, TUNNEL staining and �ow cytometry were used to detect the number of apoptotic cells in
each group, and Western blotting was used to detect the changes of Caspase-3, a key apoptotic regulate
protein in each group. Both endogenous and exogenous apoptotic pathways require caspase-3[22].

Our study found that starvation signi�cantly increased the number of apoptotic cells compared with the
control group, manifested by an increase in TUNNEL-positive cells and an increase in PI-/Annexin-V+ cells
by �ow cytometry Fig.2 A,2C,E-G p<0.01 . In ShAkt1 cells, starvation didn’t increased apoptosis, there was
no signi�cant difference in the number of TUNEL positive cells and PI-/Annexin-V+ cells between ShAkt1
cells and ShAkt1+NST cells Fig.2 A,2C, E-G p>0.05 . These results indicated Akt1 silencing inhibit
apoptosis of PCa cells induced by starvation.

Because the main purpose of the present study is not to explore the apoptotic mechanism of PCa cells in
starvation, we only detected the level of Caspase-3.which is the main executor of apoptosis. We found
that the level of Caspase-3 in the Control+NST group was the highest among the four groups Fig.2 B, 2D
p<0.01 , and there was no statistical difference for the level of Caspase-3 among the other three groups
Fig.2 B,2D p>0.05 .

3 Silencing Akt1 gene signi�cantly enhanced PCa cells invasion induced by starvation in vitro.

In this study, Transwells method was used to detect cancer cells invasion of each group. Our study found
starvation enhanced the invasion of PC3 and DU145 cells, which showed that the number of Transwells
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positive cells was signi�cantly increased in Control+NST groups compared with that of Control group
Fig.3 A-D, p<0.01 . Silencing Akt1 signi�cantly enhanced PCa cells invasion induced by starvation, which

showed the number of Transwells positive cells in ShAkt1 + NST group was signi�cantly increased
compared with that in ShAkt1 group of PC3 and DU145 cells Fig.3 A-D, p<0.01 .

To verify the results of Transwells, we used ECIS to detect the invasion of PCa cells. In ECIS device, PCa
cells penetrate vascular endothelial cells, leading to the destruction of vascular endothelial cell barrier,
resulting in the decline of their resistance, the more invasions the cancer cells are, the stronger their ability
to cause the decline of resistance[23]. As Transwells datas, ShAkt1 + NST group cells had the strongest
reduction in electrical impedance among all the groups, indicated silencing Akt1 signi�cantly enhanced
PCa cells invasion induced by starvation in vitro Fig.3 E-F, p<0.01 .

4. Silencing Akt1 gene signi�cantly inhibits lung metastasis induced by starvation.

As we reported above, starvation increased invasion of Pca cells in vitro. To investigate whether
starvation increased lung metastasis of Pca cells in vivo, we generate two kinds’ animal metastasis
models. One model is early stage lung metastasis model, which harvesting lung on 3 days after tail vein
injection of Pca cells with GFP. Then we used in�uence microscopy to detected GFP labeled Pca cells.
The other model is to harvest lung on 2 weeks after tail vein injection of Pca cells. We used india ink to
detect the metastasis noodles in lung as previous study[17]. The 2 weeks model has longer time for
cancer cells growth, so the cell growth and proliferation of cancer cells in lung tissues will affect the 2
weeks model more. And the ability of cancer cells to invade into lung tissues is more important for early
stage lung metastasis model.

The present study found that starvation alone or Akt1 silencing alone signi�cantly enhanced the ability of
PCa cells to induce lung metastasis compared with the control group of 2 weeks model, manifested by
the number of lung metastasis tumor nodules increased in Control+NST and ShAkt1 groups, compared
with Control group Fig.4 A-B, p<0.01 . Surprisingly, if the PCa cells are starved on the basis of silencing
Akt1 gene, the ability of inducing lung metastasis will be severely weakened, and the number of lung
metastases nodules will be slightly less than that of control group Fig.4 A-B, p<0.01 . To explore whether
these results related to cell growth or proliferation of cancer cells in lung tissues, we detected positive
GFP PCa cells of lung tissue section by �uorescence of 3 days models. We got the similar results as 2
weeks model, GFP positive cancer cells of ShAkt1 + NST group was signi�cantly lower than that in the
other three groups Fig.4 C-D, p<0.01 .

5. Silencing Akt1 enhanced EMT induced by starvation, and inhibited the lung metastasis induced by
starvation independent of E-cadherin.

E-Cadherin is an important epithelial cell marker molecule, and N-Cadherin is a typical mesenchymal cell
marker molecule. In general, when EMT occurs in cancer cells, there is a decrease in E-cadherin levels and
an increase in N-Cadherin levels. This pairwise change in E-Cadherin and N-cadherin is also known as E-
Cadherin and N-Cadherin switch[24]. Some studies have found that E-Cadherin and N-Cadherin switch is
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not necessary for EMT[14, 24]. In the present study, we used PC3 and DU145 PCa cells, in which DU145
cells do not contain E-Cadherin, while PC3 cells contain this molecule.

The results of E-Cadherin in the control group, ShAkt1 and ShAkt1+NST group of DU145 cells was very
low, and it was di�cult to detect using WB, however, E-Cadherin levels of Control +NST group were
increased signi�cantly compared with the other three groups of PC3 and DU145(Fig.5 A-D, p<0.01).
Consistent with the results of lung metastasis, PCa cells still induced lung metastasis with very low level
E-cadherin. Silencing Akt1 decreased E-cadherin to a very low level and could hardly be detected by WB in
DU145. At this time, silencing Akt1 still signi�cantly inhibited the lung metastasis caused by starvation.
These results indicated the function of Akt1 silencing in lung metastasis after starvation is independent
of E-cadherin.

The results of other EMT markers showed that, similar to our previous studies, silencing of Aktl gene
signi�cantly reduced the levels of E-Cadherin and Claudin-5 in the epithelial cell markers of PC3 cells, and
increased the level of the mesenchymal marker N-Cadherin. These results indicated silencing Akt1
induced EMT of PCa cells. Since the content of another epithelial cell marker ZO-1 was very low in PC3
cells, the difference could not be detected. After silencing the Aktl gene, N-Cadherin was signi�cantly
elevated compared to control cells. And other epithelial cell marker molecules, ZO-1 and Claudin-5 levels,
were signi�cantly reduced after silencing the Aktl gene in DU145 and PC3 cells (Fig.5 A-B, E-G, p<0.01).

Snail is an important regulator of EMT, and its elevated level suggests the occurrence of EMT. This study
con�rms that silencing Akt1 gene lead to increase of Snail molecular level compared with Control cells.
The levels of Snail indicated the status of EMT, its levels increased indicted further mesenchymal cells
status. Compared with other three groups, snail levels of ShAkt1 + NST group is the highest in DU145 and
PC3 cells (Fig.5 A-B, H, p<0.01).

Discussion
Nutrient starvation (NST) is the basic for anti-angiogenesis and cancer metabolism strategy[25]. However,
research has con�rmed that NST could not cure cancer. On the contrary, starvation makes cancer cells
adapt to adverse conditions, and the surviving cells become more aggressive via EMT[5, 26]. Our study
con�rmed that NST and silencing Akt1 promoted the EMT process of PCa cells. More interestingly, we
found Akt1 silencing enhanced invasion induced by starvation of PCa cells in vitro; it inhibits starvation
induced lung metastasis of PCa cells in vivo unexpectedly. This lung metastasis regulated by Akt1 is
independent of E-cadherin. Together with the EMT mechanism, these results have deepened our
understanding of PCa metastasis and have important clinical and scienti�c value.

In starvation, the growth rate of cancer cells slows down and apoptotic cells increase[27, 28]. In this
study, we con�rmed starvation induced apoptosis and grow slowly of control PCa cells. However,
starvation could not induce apoptosis and inhibit growth of ShAkt1 cells. These results indicated the
response of ShAkt1 cells to starvation were inhibited, ShAkt1 cells growth slowly and apoptosis
resistance. The results of Caspase-3 indicated that only in NST group, the results of Caspase-3 increased,
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while in other groups, the level was very low. The increased Caspase-3 in NST group could cause
apoptosis of PCa cells.

From the literature and our previous study, we know cancer cells increased invasion after starvation
exposure and silencing of Akt1 gene [9]. Till now, little is known about the function of silencing Akt1 on
starvation cells. The present study used Transwell and ECIS to detect PCa cells invasion. Our results
found the PCa cells invasion increased in ShAkt1+NST group compared with ShAkt1 group, this indicated
silencing Akt1 gene enhanced the invasion of PCa cells induced by starvation in vitro.

The tail-vein injection lung metastasis model has been con�rmed by many studies since it is a reliable
animal model for studying the metastasis of cancer cells. Because cancer cells directly enter the blood
circulation system, the process of growth and invasion of cancer cells in situ is omitted. As the results of
in vitro experiments, silencing Akt1 gene or NST alone signi�cantly enhanced the ability of cancer cells to
induce lung metastasis. However, the ability of lung metastasis will be severely weakened in silencing
Akt1 gene + NST group, which is different from the in vitro data Fig.4 A-B, p<0.01 .

In general, the increased invasion of cancer cells in vitro often suggests that they are more capable of
causing metastasis in vivo. But it is not absolute, as known to us all, the mechanisms of invasion ability
in vitro and the ability to induce metastasis in vivo is essentially different, and the mechanism of cancer
cell metastasis in vivo is much more complex. With the further study of the mechanism of cancer cell
metastasis, a few high-quality articles reported that in special circumstances, there may be
inconsistencies for invasion and metastasis of cancer cells between in vivo and in vitro data, which may
be related to different EMT status of cancer cells[29].

In the process of metastasis, the epithelial and mesenchymal phenotypes of cancer cells will change to
adapt to different microenvironments, which is conducive to the metastasis of cancer cells. This ability of
cancer cells to transform between epithelium and mesenchymal is called EMT plasticity of cancer cells.
Even if EMT can enhance the invasion of cancer cells, it requires MET to develop metastasis, which
ultimately forms epithelial metastasis similar to the original site[30, 31]. In the present study, the results
showed that silencing Akt1 gene could further enhance the effect of starvation on EMT of PCa cells,
which was manifested by the further decrease of epithelial markers and the increase of mesenchymal
markers. And under the dual effects of starvation and silencing of Akt1 gene, Snail, an important EMT-
TFs molecule, increased of ShAkt1+NST group compared with ShAkt1 or NST cells. These results
suggest that NST may further promote EMT in ShAkt1 PCa cells than ShAkt1 cells or NST cells alone.
Recent studies have found overexpression of Twist1, an EMT-TFs molecule, will maintain the cancer cells
in mesenchymal state, at this time, the ability of cancer cells to cause distant metastasis will be
signi�cantly reduced[29, 32].Based on these results we believe that Snail expression induced by dual
silencing of Akt1 gene and NST may maintain the phenotype of mesenchymal cells through a similar
mechanism, which is a not facility to cause lung metastasis. This may be the reason why the invasion of
ShAkt1 + NST cells increased in vitro compared with ShAkt1 cells and NST cells, but lung metastasis of
ShAkt1 + NST cells inhibited in vivo.
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To investigate whether NST induced EMT of Pca cells, we detected EMT markers of Pca cells by Western-
blot. Our study con�rms that NST signi�cantly reduce the levels of epithelial marker ZO-1 and Claudin-5
and signi�cantly increase the levels of mesenchymal marker N-Cadherin in DU145 and PC3 cells. These
results suggested that NST could induce EMT in PCa cells.Similar to previous studies, we also found that
silencing Akt1 gene caused epithelial cells markers E-Cadherin, ZO-1 and Claudin-5 decreased and
mesenchymal marker N-Cadherin levels increased compared with control cells. The above results
con�rmed silencing Akt1 gene induced EMT of PCa cells [9]. Taken together, we speculated silencing Akt1
gene, cell growth and proliferation slowed down, and its dependent nutrients also decreased. At the same
time, cancer cells acquired stronger invasion through EMT process. These changes not only helped PCa
cells survive in starvation environment, but also facilitate PCa cells metastasis.

E-Cadherin is an epithelial marker and is considered to be an important marker of EMT in cancer cells.
The E-Cadherin level decreases indicated EMT occurs in cancer cells. Because of the cancer cells
invasion increased via EMT, most scholars believe that the level of E-Cadherin should be reduced, so as to
facilitate the metastasis of cancer cells. However, recent studies have con�rmed that metastasis of
cancer cells requires the involvement of this molecule[15]. For some cell lines, the absence of E-Cadherin
is not conducive to the formation of distant metastases in cancer cells[15]. For some cell lines, cancer
cells can cause metastases independent of E-Cadherin[16]. These studies suggest the complexity of this
molecule's role in the metastasis of cancer cells. To further understand the effect of E-Cadherin on
metastasis of PCa cells. We used DU145 cells without E-Cadherin and PC3 cell lines with rich E-Cadherin
molecule in this study. Our results found the level of E-cadherin decreased signi�cantly after silencing
Akt1 gene, but silencing Akt1 gene alone could not block the metastasis of PCa cells, or even slightly
increase lung metastasis, suggesting Akt1 regulated lung metastasis of PCa cells is E-cadherin
independent. The role of E-Cadherin in metastasis needs further studies.

In addition, the present study found that starvation caused a signi�cant increase in E-Cadherin level in
PC3 cells. Even for DU145 cells, E-Cadherin was di�cult to detect by WB method in control cells, which
levels was also signi�cant increased after starvation. Although it is rarely reported that starvation can
increase the E-cadherin of PCa cells PC3 and DU145. However, similar reports have been found in other
cancer cell studies[33]. Silencing Akt1 suppresses the increased of E-cadherin caused by starvation.
These results imply Akt1 is an important E-cadherin regulator.

Based on the above, the present study further elucidates the role of Akt1 gene silencing in NST of PCa.
Our results may be helpful for the treatment of PCa based on NST theory, such as anti-angiogenesis or
cancer metabolism strategy. In this study, we found Akt1 silencing enhanced invasion induced by
starvation of PCa cells in vitro, however, it inhibits starvation induced lung metastasis of PCa cells in vivo,
which enriched our understanding of the mechanism of cancer cell metastasis. In the future work, we
need to further study the mechanism of this inconsistency, and further clarify the role of E-cadherin in
cancer cell metastasis.

Conclusion
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Starvation and silencing Akt1 alone increased lung metastasis; however, silencing Akt1 inhibits the lung
metastasis induced by starvation via EMT independent of E-cadherin in prostate cancer. These results
further elucidate the role of AKT1 in starvation of PCa. It is helpful for the treatment of PCa based on
starvation, such as anti-angiogenesis or cancer metabolism strategy.

Abbreviations
Akt1: protein kinase B α; PCa Prostate Cancer; NST :Nutrient starvation ; EMT: Epithelial mesenchymal
transition ; ShAkt1:ShRNA Akt1 de�cient.
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Figure 1

Starvation signi�cantly reduces the growth of PCa cells; silencing Akt1 gene signi�cantly reduces the
response of PCa cells to starvation.A-B, Cell number assays were performed with PC3 and DU145 cells.To
avoid the in�uence of the initial cell number on the results, we normalize the cell number at each time
point to the initial cell number to get the relative cell number at each time point.C-D,MTT assays were
performed to detect cell growth of PCa cells.The blue line indicated control cells and red line indicated
ShAkt1 cells. E-F:Colonny formation assays were used to detect the proliferation of PCa cells. All data are
shown as the mean ±SD, *indicated p<0.05,and indicated p>0.05.
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Figure 2

Silencing Akt1 gene signi�cantly inhibits starvation-induced apoptosis of PCa cells.A,C: Apoptosis cells
of PCa detected by TUNNEL. The apoptosis cells were brown cells in nuclear Red arrow indicated
apoptosis cells, Bar indicated 20um .B,D: The western-blot analysis was performed to detect the
expression of Caspase-3 of DU145 and PC3 cells(n=3). E-G:Apoptosis cells of PCa detected by �ow
cytometry(n=5).PI-/Annexin-V+cells were early stage apoptosis cells, All apoptosis cells were PI-/Annexin-
V+ cells and PI+/Annexin-V+ cells.All data are shown as the mean ±SD, *indicated compared with control
group, p<0.01, indicatedbetween the two groups, p>0.05.Red arrow indicated the apoptosis cells detected
by TUNNEL.
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Figure 3

Silencing Akt1 gene enhanced invasion induced by starvationin vitro.A-D:The transwells assays were
performed to detect the invasion of PCa cells(n=5). E-F:The invasion of PCa cells were detected by
ECIS(n=3).*indicated during the time range, There is signi�cant different between ShAkt1+NST group and
ShAkt1 group, p<0.05; indicated during the time range, There is signi�cant different between Control
group and ShAkt1 group, p<0.05. Bar indicated 20um.
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Figure 4

Silencing Akt1 gene signi�cantly inhibits lung metastasis induced by starvation.A-B: The lung metastasis
of nude mice after 2 weeks tail vein injection of DU145 cells detected by india-ink(n=5). The tumor
nodules were the white dots, and the black tissues are normal lung tissues arrow indicated tumor
nodules . C-D:The lung metastasis of nude mice after 3days tail vein injection of DU145 cells detected by
ICC. The metastasis PCa cells are GFP positive cells, which are green in the photos (red arrow indicated
metastasis cells,Bar indicated 20um.). We counted these GFP positive cells, thencalculated the
percentage of metastasis cells (GFP positive cells/total cells). *indicated between the two groups, p<0.01.
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Figure 5

Silencing Akt1 enhanced EMT induced by starvation, and inhibited the lung metastasis induced by
starvation independent of E-cadherin.A-B: Western blotassays were performed to detect EMT markers of
PC3 and DU145 cells. Fig.5A is for PC3 and Fig.5B is for DU145(n=3).C-H:The analyzied results of WB in
PC3 and DU145 cells. Most WB results are normalized to control. However, for very low molecules in the
control group, such as the E-cadherin level of DU145, we use the method of ratio between the target
protein and β-actin.The ZO-1 levels of PC3 are very low in each group, so we didn’t show its analyzied
results.* indicatedfor PC3 cells, compared withcontrol group,p<0.05.indicated for DU145 cells, compared
with control group,p<0.05.


