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Abstract

BACGORUND—PTEN/AKT signaling plays a key role in prostate cancer development and 

maintenance of prostate cancer stem cells. How other oncogenes or tumor suppressors interact 

with this pathway remain to be elucidated. SLUG is an zinc finger transcription factor of the Snail 

superfamily, and it promotes cancer metastasis and determines the mammary stem cell state.

METHODS—SLUG was overexpressed in cells by retroviral vector and knockdown of SLUG 

and PTEN was mediated by shRNAs-expressing lentiviruses. Expression level of SLUG and 

PTEN was examined by Western blot, RT-PCR, and qPCR analyses. PTEN promoter activity was 

measured by luciferase reporter assay. ChIP assay was used to measure the binding between 

SLUG and the PTEN promoter in vivo.

RESULT—We showed that overexpression of SLUG decreased expression of PTEN tumor 

repressor in prostate cancer cell lines 22RV1 and DU145; conversely, knockdown of SLUG 

expression elevated PTEN expresson at both protein and RNA level in these cells. We 

demonstrated that SLUG overexpression inhibits PTEN promoter activity through the proximal 

promoter region in prostate cancer cells. By ChIP assay, we confirmed that SLUG directly binds to 

the PTEN promoter region covering the E-box sites. We also showed that Slug deficiency leads to 

an increased expression of PTEN in mouse embryo fibroblasts and prostate tissues. Importantly, 

we found that overexpression of SLUG increases drug resistance of DU145 prostate cancer cell 

line and knockdown of SLUG by shRNA sensitizes DU145 cell line to chemotherapeutic drugs. 

We further demonstrated that PTEN knockdown converts drug sensitivity of DU145 cells 

expressing SLUG shRNA to anticancer drugs.
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CONCLUSION—We provide compelling evidence showing that PTEN is a direct functional 

target of SLUG. Our findings offer new insight in the regulation of the PTEN/AKT pathway and 

provide a molecular basis for potential targeted therapies of prostate cancer
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INTRODUCTION

Prostate cancer is the most common cancer in men and is predominantly a disease of elderly 

men, with more than 75% of new prostate cancer cases diagnosed in men older than 65 

years. Prostate cancer is a heterogeneous disease and its development proceeds through a 

progression of defined steps, including prostate intraepithelial neoplasia (PIN), prostate in 

situ, evasion and metastasis. Many genes are involved in prostate cancer development. 

BRCA1 and BRCA2, two important genes for ovarian and breast cancers, have also been 

implicated in prostate cancers. The common tumor suppressor, p53, is also mutated in some 

primary prostate cancers and frequently mutated in metastatic cases.

PTEN (phosphatase and tension homology deleted on chromosome 10) is one of the most 

frequently mutated or deleted tumor suppressor genes in prostate cancers (1). PTEN 
mutations and/or deletions have been found in 30% of primary prostate cancers and up to 

70% of metastatic prostate cancers (2,3). Therefore, PTEN alteration is strongly implicated 

in early stages of prostate cancer development. The role of PTEN in prostate cancer 

development has been confirmed using mouse models. Mice with prostate-specific deletion 

of PTEN recapitulate the following progression of human prostate cancers: initiation of 

prostate cancer with PIN, progression to invasive adenocarcinoma, and subsequent 

metastasis (4). The PTEN tumor suppressor is a lipid and protein phosphatase, and it 

dephosphorylates PIP3, a PI3K product. Loss-of-function of PTEN results in accumulation 

of PIP3 that activates signaling pathways, including PI3K/AKT. PI3K/AKT downregulates 

cell cycle inhibitors such as p21 and p27, which leads to inhibition of proapoptotic factors, 

including Bax, Bim, Bad, and activation of antiapoptotic factors such as Bcl-2 and XIAP (5). 

PTEN is also implicated in regulation of mouse and human prostate cancer stem cells (5–7). 

Mice with Pten deletion show expansion of prostatic stem/progenitor cell populations (7). In 

human prostate cancer cell lines, PTEN knockdown increases prostate cancer stem-like cell 

populations that are accompanied by an increase in sphere formation as well as increased 

clonogenic and tumorigenic potential (6).

SLUG is a highly evolutionarily conserved zinc-finger transcription factor. It belongs to the 

Slug/Snail superfamily whose members share the same SNAG domain and a similar zinc 

finger domain, which has the same binding motif (AGAGGTG). SLUG is implicated in 

many signaling pathways, including the normal development process of cancer formation 

(8), and radiation-induced apoptosis in hematopoietic stem and progenitor cells (9). SLUG is 

a key regulator of the epithelial-mesenchymal transition (EMT) of mesodermal cells (10). 

EMT is a critical process during morphogenesis of multi-cellular organisms and is not only a 

normal developmental process but is also essential for tumor invasion and metastasis. We 
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recently showed that SLUG promotes prostate cancer cell migration and invasion via 

CXCR4/CXCL12 axis in vitro, but inhibits growth of prostate cancer cells (11). Therefore, 

SLUG-mediated migration and invasion in cancer cells is not dependent on cell 

proliferation.

According to previous studies, either upregulation of SLUG or loss of PTEN contributes to 

resistance to apoptosis, bone metastasis, and maintenance of cancer stem cells (5–7,12–15). 

Thus far, how SLUG and PTEN regulate molecular pathways important for drug resistance 

in prostate cancers remains to be elucidated. In this study, we dissected molecular 

mechanisms by which SLUG negatively regulates PTEN expression in both human prostate 

cancer cell lines and mouse prostate tissues. We demonstrated that SLUG confers drug 

resistance of prostate cancer cells partially through inhibition of PTEN expression. Our 

findings offer new insight in the regulation of the SLUG-PTEN pathway and provide a 

molecular basis for potential targeted therapies of prostate cancers.

MATERIALS AND METHODS

Cell lines and culture

DU145, 22RV1, and 293T cells were obtained from American Type Culture Collection 

(ATCC, Manassas, VA) and were maintained in culture medium, according to the 

manufacturer’s instructions. Primary MEFs from Slug+/+, Slug+/−, and Slug−/− mice (9,16) 

were derived from day 13.5 embryos and cultured in DMEM with 10% FBS.

Plasmids

pLKO.1-SLUG shRNA1-5 were obtained as a set (RHS4533-NM_003068) from Open 

Biosystem (Huntsville, AL). pLKO.1-control shRNA (containing non-target scramble 

shRNA) were purchased from Addgene (Cambridge, MA). PTEN (WT)-LUC was 

constructed by cloning the human PTEN promoter region (1 kb) into pGL3-basic vector 

(Promega, Madison, WI).

Virus production and infection

293T cells were seeded at 3×105 cells/per well in a 6-well plate. The next day, a mixture of 

plasmid DNA containing viral vector and packaging plasmids was co-transfected into 293T 

cells using Superfect transfection reagent (Qiagen, CA). For generation of lentiviruses, the 

packaging plasmids (pCMV-VSVG and psPAX2) were co-transfected with pLKO.1-based 

shRNA vector or pLKO.1-control shRNA into 293T cells. For viral infection, the cells were 

seeded at 50% confluence in 6-well plates; the next day, virus-containing supernatants from 

293T cultures were mixed with polybrene at a final concentration of 4 mg/ml. The plate was 

centrifuged at 2,000 rpm for 1 hr at 35°C, and subsequently was returned to cell culture 

incubator. Cells infected with pLKO.1-based lentiviruses were selected with puromycin (1 

μg/ml) at 48 hr after infection.

RNA Isolation, reverse transcription, RT-PCR, and qPCR analysis

RNA was extracted with RNeasy Plus mini kit (Qiagen, Valencia, CA). cDNA was 

synthesized by random priming from 1 μg of total RNA with the SuperScript III First-Strand 
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Synthesis Super Mix kit (Invitrogen, CA), according to the manufacturer’s protocols. 

Primers for RT-PCR and qPCR analysis were synthesized by Integrated DNA Technologies 

(Coralville, IA). RT-PCR was performed using Hotstar Taq DNA polymerase kit (McLab, 

San Francisco, CA), and qPCR was performed by using the perfecta SYBR Green FastMix 

(Quanta Bioscience, CA), according to the manufacturer’s protocol. Data were analyzed by 

the comparative CT method, as described previously (17).

Western-blot analysis

Cells were lysed in protein lysis buffer (0.5% Triton X-100, 20 mM Tris, 100 mM NaCl, 1 

mM EDTA, 1mM beta glycerophosphate, 1mM sodium orthovanadate), supplemented with 

1 ml protease inhibiter cocktail (Sigma, St. Louis, MO). Protein samples were analyzed by 

Western-blot analysis using an ECL kit (Pierce, Rockford, IL) with antibodies against the 

following antigens: SLUG (ANASPEC, Fremont, CA), PTEN (Sigma, Aldrich, St. Louis, 

MO), AKT (Cell signaling, Boston, MA), pAKT-Ser 473 (Cell signaling, Boston, MA), 

GAPDH (Bethyl Laboratories, TX).

Luciferase reporter assay

Cell were transfected with Fugene 6 (Roche, Indianapolis, IN), according to the 

manufacturer’s instructions, and luciferase activity was measured by the luciferase assay kit 

(Promega, Madison, WI). pCMV-LacZ was included in all transfections, and β-galactosidase 

activity was used to normalize luciferase activity in each sample.

ChIP assay

ChIP assay was performed using the ChIP-IT active express chromatin immunoprecipitation 

kit (Active motif, CA). 22RV1 and DU145 cells were transfected with infected with pMIG-

Slug-Flag plasmid using Superfect transfection reagent (Qiagen, CA). Anti-Flag tag 

antibody (Thermoscientific, IL) was used for immunoprecipitation of DNA sequences 

associated with SLUG. An anti-HA antibody (Bethly, TX) was used as a negative control. 

DNA released from precipitated complexes was amplified by PCR using specific primers 

spanning the SLUG binding sites in the PTEN promoter region.

Drug resistance analysis

Adriamycin (doxorubicin) was dissolved in distilled H2O. Cells were treated with 

adriamycin (0.2 μM) for 5 days, and total number of viable cells was counted. Each 

experiment was repeated at least three times.

Immunochemistry staining

Following primary antibodies were used for immunostaining: anti-PTEN Ab (Clone 

PTN-18, diluted 1:500, Sigma Aldrich, St. Louis, MO), anti-SLUG Ab (diluted 1:500, 

ANASPEC, Fremont, CA). Paraffin-embedded tissue sections (4-μm thick) were 

deparaffinized by using heat; antigen retrieval was done with 1x EDTA; and sections were 

blocked with TNB blocking buffer which includes 1M Tris base pH 7.6, 5M NaCl, and 

blocking Reagent (TSA kit, Pelkin Elmer, MA). Sections were then incubated with primary 

monoclonal antibodies (mAbs) against PTEN, SLUG, or negative IgG at 4°C overnight. 
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Sections were then incubated with biotinylated goat anti-rabbit or goat anti-mouse IgG (The 

Jackson Laboratory, ME) secondary antibodies for 30 min. Sections were visualized with the 

substrate diaminobenzidine (DAB; Merck, Darmstadt, Germany) and counterstained with 

haematoxylin. Digital images were obtained using an inverted microscope and camera 

system (IX71 and Pro600ES-D; Olympus, Tokyo, Japan).

Statistical analysis

Data from qPCR analysis and cell growth assays was analyzed by the Student’s t-test (one-

tailed). P < 0.05 was used to define statistically significant differences.

RESULTS

SLUG regulates PTEN expression in prostate cancer cell lines

PTEN is a common tumor suppressor gene and has a very low expression in prostate cancer 

cell lines. In contrast, SLUG is an oncogene that is highly expressed in many tumors. Forced 

expression of SLUG (or Slug/Snail family members) or reduced expression of PTEN 

promotes tumorigenesis. Therefore, we are tempted to predict that the oncogenic function of 

SLUG is partially mediated through the inhibition of PTEN expression. To assess this 

possibility, we generated four stable cell lines by infecting 22RV1 and DU145 cells with 

retroviruses pMIGR1-Slug and pMIGR1, respectively. We examined expression of SLUG, 

PTEN, pAKT, AKT, and GAPDH in these stable cell lines. Our data showed that 

overexpression of SLUG downregulates PTEN expression and upregulates pAKT expression 

(Fig. 1A) in both 22RV1 and DU145 cells. By qPCR analysis we showed that SLUG 

overexpression also downregulates PTEN expression at RNA level (Fig. 1B) in these two 

cell lines. To assess effect of endogenous SLUG on expression of PTEN expression, we 

generated three stable cell lines by infecting 22RV1 and DU145 cells with lentiviruses 

expressing SLUG shRNA or control shRNA. Two of the stable lines expressed different 

shRNAs targeting SLUG and one was a control line carrying a control shRNA (Fig 2A). 

Western-blot analysis confirmed that SLUG expression was significantly reduced by 

corresponding shRNAs in 22RV1 (sh1 & sh5) and DU145 (sh4 & sh5) cell lines. 

Interestingly, PTEN expression was remarkably upregulated in 22RV1 and DU145 stable 

lines expressing SLUG-specific shRNAs. Considering SLUG is a zinc-finger transcription 

factor, we asked if SLUG could regulate PTEN at the transcriptional level. We quantified 

PTEN mRNA by qPCR analysis and found that SLUG knockdown increased expression 

level of PTEN transcripts in these stable cell lines (Fig. 2B). Together, these data indicate 

that SLUG negatively regulates PTEN expression in prostate cancer cell lines.

SLUG is a direct transcription repressor of PTEN promoter

Our data show that SLUG negatively regulates PTEN expression at both protein and RNA 

level in 22RV1 and DU145 cell lines (Fig. 1 – 2). Therefore, we wonder whether SLUG acts 

as a transcriptional repressor of PTEN gene. By analyzing the DNA sequence of PTEN 
promoter, we identified two potential conserved SLUG binding sites (Fig. 3A). Thus, we 

cloned the DNA fragment covering the proximal promoter region of the PTEN gene into 

pGL3-basic vector to generate a luciferase reporter (Fig. 3A). Initially, we performed a 

luciferase reporter assay by transfecting PTEN-LUC into 293T and 22RV1 cells together 
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with an increasing dose of SLUG expression plasmid. Our data showed that overexpression 

of SLUG inhibits PTEN promoter activity in a dose-dependent manner in 293T and 22RV1 

cells (Fig. 3B). It has been demonstrated that SLUG acts as a transcriptional repressor when 

tethered to promoter (18). We previously also showed that SLUG directly downregulates 

Puma expression by binding to the E-box sites in the first intron of the Puma gene (9). 

According to our data (Fig. 1 – 2) showing that SLUG negatively regulated PTEN 

expression at protein and RNA level, we then hypothesized that SLUG regulates PTEN by 

direct binding to its promoter. To test this hypothesis, we performed ChIP assays in DU145 

and 22RV1 cells that stably express SLUG with a Flag tag at its C-terminus. By PCR and 

qPCR analysis (Fig. 3C), we showed that anti-Flag antibody but not anti-HA antibody 

(negative control) immunoprecipitated the DNA sequences, containing the two E-box sites 

in PTEN promoter region in both 22RV1 and DU145 cells (Fig. 3C). Collectively, our data 

in Fig. 3 clearly demonstrated that PTEN is a direct transcriptional target of SLUG.

SLUG is a negative regulator of PTEN in vivo

To further support the notion that SLUG is an essential regulator of PTEN and to determine 

if endogenous Slug regulates Pten expression, we initially examined the effects of 

endogenous Slug on PTEN expression in mouse embryo fibroblasts (MEFs) derived from 

Slug knockout mice (16). Our data showed that Pten expression was significantly higher in 

Slug−/− MEFs than Slug+/− and Slug+/+ MEFs (Fig. 4A). We also quantified Pten 
transcripts by qPCR and found that Pten expression at RNA level was higher in Slug−/− 

MEFs than in Slug+/− and Slug+/+ MEFs (Fig. 4B). Next, we asked if Slug regulates Pten 

expression in vivo. To address this question, we examined Pten in prostate tissue sections 

from Slug+/+, Slug+/−, and Slug−/− mice by immunohistochemistry staining (Fig. 4C). Our 

data showed that PTEN expression was more evident in prostate tissue from Slug−/− mouse 

than Slug+/− and Slug−/− mice. We also included negative control stains for each of the 

antibodies to exclude nonspecific staining. Based on these data, we then examined 

expression of SLUG and PTEN in human prostate tumor samples (Fig. 4D). Interestingly, 

we found that SLUG is highly expressed in different stages of these tumor samples, when 

compared with normal prostate tissues. In contrast, PTEN expression is lower in prostate 

tumor samples than normal prostate tissues. Collectively, these data strongly support the 

concept that SLUG is a key negative regulator of PTEN both in vitro and in vivo.

SLUG confers chemotherapeutic drug resistance of prostate cancer cells through PTEN 
tumor suppressor

It has been shown that ectopic expression of SLUG increases drug resistance in cancers (19–
21) and suppression of PTEN expression increases drug resistance in various cancers (22–
25). According to our current data (Fig. 1 – 4), PTEN is a direct target gene of SLUG. 

Therefore, we decided to explore the possibility that SLUG regulates drug resistance of 

prostate cancers through PTEN. To this end, we generated DU145 cell line stably expressing 

SLUG by retroviral infection (Fig. 5A). We treated these two stable cell lines with or 

without Adriamycin (0.2 μM) for 5 days. Our data showed that the DU145 cell line-

overexpressing SLUG grows slower then the control group, which is consistent with our 

previous finding that overexpression of SLUG inhibits cell growth of prostate cancer cells 

(11). Five days after treatment with Adriamycin, total number of viable cells in both of the 
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two stable lines decreased significantly. But, DU145 cell line with stable expression of 

SLUG has a higher cell number than the control group (Fig. 5A). This data suggest that 

SLUG increases chemotherapeutic drug resistance of prostate cancer cells. Next, we 

examined effect of endogenous SLUG and PTEN on the resistance of prostate cancer cells to 

chemotherapeutic drugs. To do so, we established four DU145 stable cell lines expressing 

control shRNA, SLUG shRNA, or both SLUG shRNA and PTEN shRNA (Fig. 5B). We 

seeded the same number of cells from each of the four stable lines, and then treated these 

cells with or without Adriamycin (0.2 μM) for 5 days. We found that all the four stable cell 

lines expand seven times and have a comparable cell number after five days of cell culture, 

although DU145 cells expressing SLUG shRNA grow slightly faster. When cultured in 

medium with Adriamycin, cell number of the group expressing control shRNA remained 

almost the same. Notably, viable cell number of the cell group expressing SLUG shRNA 

(Slug-sh4) dramatically decreased after treatment with Adriamycin for 5 days. Interestingly, 

cell number of DU145 cells expressing both SLUG shRNA and PTEN shRNA is ten-times 

higher than those expressing SLUG shRNA and is also higher then the control shRNA-

expressing DU145 cells (Fig. 5B). These data indicate that reduced expression of SLUG 

sensitizes DU145 cells to Adriamycin and knockdown of PTEN rescues drug sensitivity of 

the SLUG shRNA-expressing DU145 cells. Collectively, our data suggest that SLUG 

controls drug resistance of prostate cancer cells through its regulation of PTEN.

Discussion

The PTEN/AKT pathway is involved in initiation and development of many types of 

cancers, including prostate cancers (6,24,26–28). This pathway also plays important roles in 

maintenance of normal adult stem cells and prostate cancer stem cells (5,6,29,30). Many 

studies have focused on roles of PTEN/AKT pathway in different aspects of biological 

processes, but transcription factors that directly regulate PTEN expression remain to be 

elucidated.

It was shown that p53 upregulates expression of PTEN through direct or indirect 

mechanisms (31). Egr-1 is another zinc finger transcription factor that directly upregulates 

PTEN expression through its binding site in the PTEN promoter (32). Egr-1 is required for 

induction of PTEN expression following irradiation (33). Unlike p53 and Egr-1, two positive 

regulators of PTEN, SLUG negatively regulates PTEN expression by binding directly to the 

two E-boxes in its promoter region. Because p53 and Egr-1 are DNA damage responsive 

transcription factors, it will be interesting to study how Slug, p53, and Egr-1 co-regulate 

DNA response pathways in prostate or other cancer cells. Recently, Maria at al. reported that 

Snail1 but not Slug represses the PTEN promoter during γ-irradiation in Madin-Darby 

canine kidney (MDCK) cells (34), which is contradictory with our findings in this study. The 

discrepancy between the two studies may be due to different cell lines used in these studies.

In addition to prostate cancer cell lines, we showed that SLUG also functioned as a 

transcription repressor of PTEN gene in primary MEFs and suppresses PTEN expression in 

prostate tissues. We showed that PTEN expression was elevated in MEFs and prostate 

tissues in Slug-deficient mice. Because SLUG can directly bind to the PTEN promoter and 

represses its transcriptional activity, we thus concluded that PTEN is a direct target of SLUG 
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both in vitro and in vivo. It is conceivable that negative regulation of PTEN play an 

important role in prostate cancer development, at least for those cancers without PTEN 

mutation and/or deletion.

In agreement with this notion, our data showed that SLUG knockdown increases drug 

sensitivity of prostate cancer cells, and the addition of PTEN knockdown converts cells from 

“drug sensitive” to “drug resistant”. Although we did not examine the effects of AKT on 

drug sensitivity of prostate cancer cells with SLUG knockdown, we predict that 

overexpression of constitutively active AKT also have similar effects with PTEN 

knockdown on prostate cancer cells with SLUG knockdown. Thus, our data suggest that 

treatment with combination of AKT inhibitors and SLUG inhibitor (currently not available) 

might provide an effective therapeutic approach. Although we provided strong evidence to 

show that SLUG is a direct transcriptional repressor of PTEN tumor suppressor gene, it will 

be tempting in the future to explore (i) whether SLUG not only negatively regulates PTEN 
expression, but also is reciprocally regulated by PTEN, and (ii) whether SLUG promotes 

prostate tumor metastasis, at least partially, through the inhibition of PTEN expression in 

vivo.

Conclusion

We demonstrated that SLUG acts a transcriptional repressor of PTEN tumor suppressor both 

in vitro and in vivo. We further showed that SLUG and PTEN affect sensitivity of prostate 

cancer cells to chemotherapeutic drugs in an opposing manner. Our findings suggest that 

PTEN is a direct functional target of SLUG.
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Figure 1. SLUG overexpression negatively regulates PTEN expression in human prostate cancer 
cell lines
(A) Regulation of PTEN expression by SLUG in prostate cancer cells. 22RV1 (left panel) 

and DU145 (right panel) cells were infected with retroviruses expressing pMIGR1-Slug and 

pMIGR1 (control vector). Total protein was extracted from respective cell lines and analyzed 

by Western-blot analysis using anti-SLUG, anti-pAKT, anti-PTEN and anti-GAPDH 

(loading control) antibodies, respectively.

(B) qPCR analysis of PTEN transcripts in stable cell lines expressing pMIGR1-Slug and 

control vector pMIGR1. PTEN mRNA transcripts in these cell lines were analyzed by qPCR 

using primers specific for PTEN gene. ** p < 0.01.
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Figure 2. Knockdown of Slug upregulates PTEN expression
(A) Western-blot analysis of PTEN expression in prostate cancer cell lines stably expressing 

Slug shRNA. 22RV1 (left panel) and DU145 (right panel) cells were infected with 

lentiviruses expressing SLUG-specific shRNAs and control shRNA, and then selected with 

puromycin and expanded. Total protein was extracted from respective cell lines and analyzed 

by Western-blot analysis using anti-SLUG, anti-pAKT, anti-PTEN and anti-GAPDH 

(loading control) antibodies, respectively.

(B) qPCR analysis of PTEN transcripts in stable cell lines expressing SLUG-specific 

shRNAs and control shRNA. ** p < 0.01.

Uygur et al. Page 12

Prostate. Author manuscript; available in PMC 2016 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. SLUG regulates PTEN promoter activity through direct interaction
(A) Diagram of PTEN promoter-driven luciferase reporter. The luciferase reporter (PTEN-

Luc) driven by human PTEN promoter (left panel) contains two E-box sites (E-box1 and E-

box2).

(B) PTEN Overexpression of SLUG suppresses PTEN promoter activity. PTEN-Luc and an 

increasing dose of Slug expression vector was transfected together into 293T (left panel) and 

22RV1 (right panel) cells. pCMV-LacZ was included into the transfections as a control. Data 

were normalized by pCMV-LacZ activity, and graphed as fold change. ** p < 0.01.

(C) ChIP assay for SLUG binding to PTEN promoter. Retroviruses expressing Flag-tagged 

SLUG (Slug-Flag) were infected into DU145 and 22RV1 cells. DNA sequences that are 

associated with SLUG were precipitated with anti-Flag antibody. Anti-HA antibody was 

included as a negative control. Using specific primers, the precipitated DNAs containing the 

PTEN promoter were then detected by PCR (left panel) and qPCR (right panel). ** p < 0.01.
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Figure 4. PTEN expression is regulated by endogenous SLUG in vivo
(A) Western-blot analysis of AKT and PTEN expression in MEFs. Total protein was 

extracted from Slug+/+, Slug+/−, and Slug−/− MEFs (passage 1), and analyzed by Western-

blot analysis using anti-pAKT, anti-PTEN, anti-AKT and anti-GAPDH (loading control) 

antibodies, respectively.

(B) qPCR analysis of PTEN transcripts in MEFs. Total RNA was extracted from the 

indicated MEFs and synthesized into cDNAs. Using specific primers, qPCR was used to 

analyze PTEN transcripts. ** p < 0.01.

(C) Expression of PTEN in prostate tissue in Slug-deficient mice. Expression of PTEN and 

SLUG in prostate tissues of Slug+/+, Slug+/−, and Slug−/− mice (2-month-old) was 

determined by immunohistochemistry using anti-PTEN, anti-pAKT, anti-SLUG antibodies, 

and counterstained with hematoxylin. Scale bar = 50 μm

(D) PTEN loss is related with endogenous SLUG expression in human prostate cancer tissue 

samples. Expression of SLUG and PTEN was detected in prostate cancer tissue samples by 

immunohistochemistry using anti-SLUG and anti-PTEN antibodies, and counterstained with 

hematoxylin. Scale bar = 50 μm.
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Figure 5. Opposing effect of SLUG and PTEN on drug resistance of prostate cancer cells
(A) Cell growth assay of DU145 cells with SLUG overexpression after treatment with 

Adriamycin. DU145 cells expressing pMIGR1-Slug or pMIGR1 (vector control) were 

treated with or without 0.2 μM of Adriamycin for 5 days. Number of viable cells was 

determined by trypan blue exclusion cell viability assay. *p < 0.05.

(B) Cell growth assay of DU145 cells stably expressing compound SLUG and PTEN 
shRNA. DU145 cell lines stably expressing SLUG shRNA or control shRNA with or 

without PTEN shRNA were treated with 0.2 μM Adriamycin for 5 days, and then number of 

viable cells was determined. *p < 0.05, ** p < 0.01.
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