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Abstract

Background—Schlafen proteins have previously been linked to leukocyte and intestinal

epithelial differentiation. We hypothesized that Schlafen 12 (SLFN12) overexpression in prostate

epithelial cells would modulate expression of prostate-specific antigen (PSA) and dipeptidyl

peptidase-4 (DPP4), markers of prostatic epithelial differentiation.

Materials and Methods—Differentiation of the prostate cancer cell line LNCaP and PC-3 was

compared after infection with an adenoviral vector coding for SLFN12-GFP (Ad-SLFN12) or

GFP only expressing virus (control). Transcript levels of SLFN12, PSA and DPP4 were evaluated

by RT-PCR and protein levels by Western blotting. Because Mixed Lineage Kinase (MLK) and

one of its downstream effectors (ERK) have previously been implicated in some aspects of

prostate epithelial differentiation, we conducted further studies in which LNCaP cells were co-

treated with DMSO (control), PD98059 (ERK inhibitor) or MLK inhibitor during transfection

with Ad-GFP-SLFN12 for 72 hours.

Results—Treatment of LNCaP or PC-3 cells with Ad-SLFN12 reduced PSA expression by

56.6±4.6% (p<0.05) but increased DPP4 transcript level by 4.8±1.0 fold (p<0.05) vs. Ad-GFP-

treated controls. Further studies in LNCaP cells showed that Ad-SLFN12 overexpression

increased the ratio of the mature E-cadherin protein to its precursor protein. Furthermore, SLFN12

overexpression promoted DPP4 expression either when MLK or ERK were blocked. ERK

inhibition did not reverse SLFN12-induced changes in PSA, E-cadherin or DPP4.

Conclusions—SLFN12 may regulate differentiation in prostate epithelial cells, at least in part

independently of ERK or MLK. Understanding how SLFN12 influences prostatic epithelial

differentiation may ultimately identify targets to influence the phenotype of prostatic malignancy.
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Introduction

Prostatic epithelium undergoes constant differentiation and proliferation during normal

prostatic functions (1). Inhibiting prostate epithelial differentiation supports initiation and

maintenance of oncogenic transformations (2). Indeed, increasing in vivo and in vitro

evidence suggests that induction of differentiation in prostate cancer cells can slow or

reverse carcinogenic malignant cells, inducing cell cycle arrest, and triggering apoptosis (3–

5). In vitro, such stimuli not only induce differentiation directly but stimulate lipogenesis

leading to reduced carcinogenesis by Peroxisome proliferatoractivated receptor gamma 2

(PPARγ2) (6) and increased Insulin-like growth factor (IGF) axis activity (7). Reduced

levels of PSA and induction of differentiation have been observed in prostate cancer cells

after treatment with flavonoids (8), genistein, seleno- L-methionine, DL-alpha-tocopherol

(9), dietary components proposed for chemoprevention of prostate cancer. Restoration of

DPP4 expression in prostate cancer cells reduces the malignant phenotype by blocking the

bFGF pathway (10).

The Schlafen superfamily can be divided in a short (rodent Slfn1, Slfn2), intermediate

(rodent Slfn3, Slfn4 and human SLFN12) as well as long (rodent Slfn5, Slfn8, Slfn9, Slfn10,

Slfn14 and human SLFN5, SLFN11, SLFN13, SLFN 14) groups of loosely structurally

related proteins(11). While their functions are poorly understood, the rodent short Schlafen

protein Schlafen 1 (Slfn1) have previously been implicated in T cell development (12) while

Schlafen 2 (Slfn2) and Schlafen 4 (Slfn4) modulate the differentiation of monocytes and

macrophages to osteoclasts (13, 14). Schlafen 3 (Slfn3) may mediate rodent enterocyte

differentiation (15, 16). Since the differentiated phenotype of prostate cancer can be critical

for its eventual prognosis (17), it therefore became of interest to determine whether Schlafen

proteins contribute to prostate epithelial differentiation. With regard to human epithelial

cancers, Schlafen 12 seemed of particular interest since it is the only intermediate Schlafen

protein expressed in human tissues without known function. We therefore sought to test the

hypothesis that Schlafen 12 might modulate the differentiation of human prostate cancer

cells. We used proliferation, prostate specific antigen (PSA), dipeptidyl-peptidase 4 (DPP4)

and E-Cadherin as markers of prostate epithelial phenotype. Both PSA and DPP4 are serine

proteases capable regulating peptide factors (18, 19). PSA is an androgen-dependent

protease that is exclusively released into the lumen where it alters components of the

seminal plasma. PSA is often used as a marker of prostate cancer progression (20). DPP4 is

a brush-border enzyme expressed during differentiation of epithelial cells (21). E-cadherin is

an adhesion molecule regulating cell growth by Wnt signaling (22) that is induced by

differentiating agents in prostate cells (23). In some studies, we used sucrase-isomaltase (SI)

and glucose transporter 2 (GLUT2) as negative controls because they are markers of

intestinal epithelial differentiation (as opposed to prostatic epithelial differentiation) that can

be induced in some epithelial cells by a different Schlafen protein (Slfn3) (16). Since Mixed

Lineage Kinase (MLK) and Extracellularsignal- Regulated Kinases (ERK) can mediate
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growth factor and cytokine induced differentiation (24, 25) and since ERK signaling has

been shown to regulate the differentiation of prostate cancer cells independently of cell cycle

(26), we then evaluated the possible roles of MLK and ERK signaling in Schlafen 12

induced effects.

Methods

Cell culture

LNCaP (CRL-1740, American type Culture Collection, Manassas, VA) and PC-3

(CRL-1435, ATCC) human prostate cancer cells were maintained at 37° C 5% CO2 in

RPMI 1640 media supplemented with 10% fetal bovine serum as previously described (23).

LNCaP or PC-3 cells were seeded at 250,000 cells/well on 6-well culture plates.

Adenovirus vector construction

SLFN12 (Ad-GFP-SLFN12) and control (Ad-GFP) adenoviruses containing green

fluorescent protein (GFP) were purchased from Applied Biological Material (Richmond,

BC, Canada). Adenovirus vector purification, propagation and characterization were

performed as described previously (27).

Proliferation and apoptosis

Subconfluent (50–60%) LNCaP, PC-3 cells were treated with 400 virus particles of Ad-GFP

(Control) per cell or Ad-GFP- SLFN12 for 72 hours. In some experiments LNCaP cells were

incubated in normal growth medium containing 0.1% DMSO or CEP-1347 inhibitor (800

nM) or PD98059 (20 nM) dissolved in DMSO for 72 h before trypsinization and cell

counting. Cell number was determined in each of the 6 wells independently with a MTT

proliferation assay (Promega, Madison, WI) using the manufacturer’s protocol. Apoptotic

cells were quantified in LNCaP cells using Vybrant apoptosis assay kit (Life Technologies,

Carlsbad, CA) following the protocol provided by the manufacturer. For the time course

experiment, LNCaP cells were treated with Ad-GFP or Ad-GFP-SLFN12 virus for 24, 48,

72 and 96 hours. Each experiment was carried out at least twice in triplicate with similar

results.

RNA isolation and qRT-PCR

Total RNA was isolated from the cells and tissues using Tri-Reagent (Molecular Research

Center, Inc., Cincinnati, OH) in accordance with the manufacturer's instructions. cDNA was

prepared from RNA samples as described previously (23). cDNA samples were analyzed by

RT-PCR analysis using the BioRad MyiQ Real-Time PCR system and the BioRad SYBR

Green supermix (BioRad Laboratories, Hercules, CA). Expression levels were determined

from the threshold cycle (Ct) values using the method of 2−ΔΔCt (23) using 18S expression

as the reference control gene. Primer information is as follows: The ribosomal protein S18

(18S) 5’- CGCCGGTCCAAGAATTTCACCTCT-3’ (upstream) and 5’-

CCCCTCGATGCTCTTAGCTGAGTCT-3’ (downstream). GLUT2 forward 5’-

TTAGCAACTGGGTCTGCAAT-3’, reverse 5’-GGTGTAGTCCTACACTCATG-3’; SI,

forward – 5’-AAACCTACATGTCCGTGGTGGTCA-3’, reverse – 5’-

AACAGAGAACCCTGTGCCATCTGA-3’, DPP4, forward – 5’-
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TTTGGGGCTGGTCATATGGAGGG-3’, reverse – 5’-

ACTCCCACCGGGATACAGGCG-3’. PSA, forward – 5’-

GGGCCCACTTGTCTGTAA-3’, reverse – 5’-GATGGTGTCCTTGATCCACT-3’.

Androgen Receptor (AR), forward – 5’-GCCCTATCCCAGTCCCACTT-3’, reverse – 5’-

TGGTCCCTGGCAGTCTCC-3’. SLFN12, forward – 5’-

ATCTGGGCTTGCAAGAGAAG-3’, reverse – 5’-TTTTTGCCAGCTTCTGCTTT-3’. The

cycle conditions for the PCR were 1 cycle of 3 minutes at 95°C and 40 cycles of 30 seconds

at 95°C, 30 seconds at the annealing temperature (57°C), and 30 seconds at 72°C.

Western Blot Analysis

Cultured LNCaP cells were lysed in lysis buffer, centrifuged at 15,000g for 10 minutes at

4°C, resolved by SDS-PAGE and tra nsferred to Hybond ECL nitrocellulose membrane

(Amersham Pharmacia Biotech, Piscataway, NJ) as previously described (28). Nonspecific

binding sites were blocked for 1 h at room temperature using Odyssey Blocking Buffer

(Licor, Lincoln, NE). Membranes were probed with antibodies to PSA, DPP4, E-cadherin

(CDH1) (Santa Cruz Biotechnology, Santa Cruz, CA), phosphorylated pERK (pERK,

Thr202/Tyr204), phosphorylated c-Jun N-terminal kinase (JNK) (pJNK), full-length

Caspase 3, Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Cell Signaling, Danvers,

MA) as well as appropriate secondary antibodies. Bands were visualized using the Odyssey

imaging system (Licor, Lincoln, NE) and analyzed with the Kodak Image Station 440CF.

All exposures used for densitometric analysis were within the linear range.

Data analysis

Values are reported as group means ± standard error of the mean (SEM) of the non-

transformed data. Prior to analysis, all data were checked to ensure they fit a normal

distribution using the plot of predicted values vs. residuals, as well as by the Shapiro-Wilk,

Kolmogorov-Smirnov tests for normality. Two-tailed Student’s t-test or ANOVA were used

when appropriate. Skewed or non-normally distributed data was log transformed prior to

analysis and the correction to a normal distribution was confirmed using the tests described

above. Differences between means were considered significant at p<0.05.

Results

Overexpression of rat SLFN12 suppressed PSA but increased DPP4 mRNA level in LNCaP
human prostate cancer cells

To first validate the function of the Ad-GFP-SLFN12 construct, we investigated whether

infection of Ad-GFP-Slfn12 increases SLFN12 mRNA in LNCaP human prostate cancer

cells. We subjected 50–60% confluent LNCaP cells to 400 vp/cell Ad GFP-SLFN12 for 24,

48, 72 and 96 hours. Ad-GFP-SLFN12 infection of LNCaP cells resulted in substantial

measured SLFN12 transcript expression compared to Ad-GFPtreated cells at 48 and 72

hours (Fig. 1A, n=6, p<0.05). Ad-GFP-SLFN12 infection of LNCaP cells also reduced the

level of PSA expression compared to that in Ad-GFP treated controls (Fig. 1B, n=6,

p<0.01). Since other studies in vivo have indicated that expression of adenoviral target genes

peaks at approximately 72 – 96 hours (29) we selected the 72 hour time point to analyze the

effects of SLFN12 overexpression on other markers of differentiation in LNCaP and PC3

Kovalenko and Basson Page 4

J Surg Res. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



prostate cancer cells. Indeed, Ad-GFP- SLFN12 infection of LNCaP cells stimulated

expression of DPP4 but did not change the expression of SI, GLUT2 or that of Androgen

Receptor (AR) compared to control (Fig. 1C–F, n=6). Thus, we demonstrated that

exogenous overexpression of SLFN12 by direct infection of an Ad vector coding for

SLFN12 cDNA would promote not only SLFN12 expression but also an expression of

specific differentiation markers in LNCaP cells.

To confirm that the effects of SLFN12 were not restricted to a single cell line, we treated

human PC-3 prostate cancer cells with Ad-GFP or Ad-GFP-SLFN12 adenovirus for 72

hours. Ad-GFP-SLFN12 infection of PC-3 cells resulted in significantly increased transcript

levels of SLFN12 compared to Ad-GFP-treated cells (Fig. 2A n=6, p<0.05). Ad-GFP-

SLFN12 infection of PC-3 cells also significantly reduced the level of PSA expression (Fig.

2B, n=6, p<0.05) and also significantly increased expression of the differentiation marker

DPP4 (Fig. 2C, n=6, p<0.05).

SLFN12 overexpression reduces proliferation of LNCaP cells

To determine whether Slfn12 overexpression influences cell proliferation, we measured

LNCaP proliferation by MTT assay after 72 hours of Ad-GFP (control) or Ad-GFP-SLFN12

treatment. Cell number was significantly reduced after treatment of Ad-GFP-SLFN12

compared to controls (Fig 3A, n=6, p<0.05). There was no significant change in the level of

full length Caspase 3 in LNCaP cells between treatments (Fig 3B, n=4). We performed

parallel studies using the Vybrant apoptosis assay kit to assess aptoptosis in order to

determine whether Ad-GFP-SLFN12 infection modulates apoptosis in LNCaP cells. The

number of apoptotic cells was not significantly different between control and Ad-GFP-

SLFN12 treated cells (data not shown). Taken together, these results suggest that SLFN12

overexpression may inhibit proliferation in LNCaP cells.

SLFN12 mediated induction of DPP4 does not require MLK or ERK signaling

We tested whether ERK or MLK signaling is involved in SLFN12-induced differentiation of

LNCaP cells by first pretreating these cells with ERK and MLK inhibitors. Suppression of

ERK by PD98059 or MLK by CEP-1347 did not reverse the Ad-GFP-SLFN12 induction of

SLFN12 or DPP4 in LNCaP cells (Fig 4A,C, n=9, p<0.05) or Ad-GFP-SLFN12 suppression

of PSA (Fig 4C, n=9, p<0.05). Although SLFN12 overexpression was slightly reduced in

MLK-inhibited cells, Ad-GFP-SLFN12 infection still resulted in marked and likely

supramaximal overexpression of SLFN12 even in the MLK-inhibited cells (Fig 4A). We

confirmed that both inhibitors were active in parallel studies that assessed level of ERK and

jnk phosphorylation since ERK and jnk are downstream of MLK (30) The ratio of

phosphorylated ERK (pERK) to GAPDH in the absence of SLFN12 overexpression was

substantially reduced by treatment with either inhibitor (Fig 4D, p<0.05, n=8). Treatment

with Ad-GFP-SLFN12 increased ERK phosphorylation in control (DMSO) and CEP-1347

treated groups but not in PD98059-treated cells compared to GFP treated controls (Fig 4D),

suggesting that SLFN12 overexpression induces ERK activation in a fashion that requires

MEK but not MLK. In order to confirm the efficacy of the MLK inhibitor we tested the

level of phosphorylated JNK (pJNK) in DMSO and CEP-1347 treated LNCaP cells.

Although CEP-1347 failed to prevent SLFN12 induction of ERK phosphorylation (Figure
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4D, n=8, p<0.05), we found that the ratio of pJNK to GAPDH was significantly reduced

after treatment with CEP-1347 compared to control (Figure 4E, n=8, p<0.05), suggesting

that MLK inhibition did occur in the CEP-treated cells, but that the effect of SLFN12

overexpression on ERK phosphorylation occurs independently of or perhaps downstream of

MLK.

We further measured protein levels of DPP4 and PSA in cells treated with Ad-GFP or Ad-

GFP-SLFN12. As in our qRT-PCR studies, we found that protein levels of PSA were

significantly suppressed and DPP4 were increased after SLFN12 overexpression (Fig 5A,B,

n=4–7, p<0.05). The ratio of the mature E-cadherin (CDH1) (80 kDa) to its precursor form

(130 kDa) was significantly increased after overexpression of SLFN12 compared to the ratio

in control cells (Fig 5B, n=6, p<0.05.). Notably, MLK inhibition also did not significantly

increase PSA protein levels compared to DMSO-treated controls, as we had observed for

PSA transcript levels (Fig 4C and Fig 5B). These results suggest that SLFN12 modulates

PSA, DPP4 and E-cadherin expression independently of ERK.

Discussion

Disruption of prostate epithelial differentiation promotes carcinogenesis. Our results suggest

that SLFN12 increases DPP4 and mature E-cadherin in prostate cells while suppressing PSA

expression independently of MLK or ERK. SLFN12 also inhibits LNCaP proliferation.

Other Schlafen proteins have been studied in rodents (31, 32), where some tissue-specific

effects on differentiation and proliferation have previously been ascribed to Slfn1

(proliferation in T-lymphocytes (33)), Slfn2 (osteoclast differentiation (13)), and Slfn3

(enterocyte differentiation (15)). Slfn4 is increased during macrophage activation by LPS,

but suppressed during differentiation induced by colony-stimulating factor (CSF-1) (14).

Slfn5 deletion enhances human melanoma invasion in vitro (34). Although a role for

SLFN12 has not been elucidated, our results suggest SLFN12 may influence human

prostatic epithelial differentiation. How Schlafen proteins act is poorly understood, but our

present results may offer a few hints.

PSA is an androgen-regulated serine protease expressed only in differentiated prostate

epithelial cells (20). PSA secretion in normal prostate correlates with androgen levels (20)

but PSA is also induced in prostate cancer cells by growth factors or cytokines (35, 36). PSA

may facilitate prostate cancer invasion by cleaving extracellular matrix proteins (37).

Although proliferation, PSA, and DPP4 are all reduced in androgen-deprived LNCaP cells

(38), SLFN12 affected them differently. SLFN12 reduced proliferation and PSA but induced

DPP4. The reduction in PSA we observed is consistent with the reduction in PSA caused by

differentiating agents like butyrate (39).

Our data suggest that, similarly to Slfn3 in rodent enterocytes (16), SLFN12 stimulates

DPP4 expression in human prostatic epithelial cells. DPP4 is a cell surface serine protease

that regulates peptide factors by cleaving NH2-terminal peptides from polypeptides, is

expressed in multiple cells and tissues. Potential substrates for DPP4 include matrix

interaction proteins, growth factors, cytokines, and hormones (18). SLFN12 induced DPP4

but not GLUT2 or SI transcripts in prostate cancer cells. This differs from the effects of
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SLFN3 in intestinal epithelial cells, suggesting that the effects of Schlafens on these genes

vary with cell type and Schlafen protein. Taken together, these results suggest that SLFN12

and androgen regulate PSA and DPP4 in prostate cancer cells by different mechanisms.

E-cadherin is a calcium-dependent cell-cell adhesion glycoprotein that regulates Wnt

signaling. Loss of E-cadherin in prostate cancer correlates with increased Gleason score and

reduced survival (40). In contrast, treatment of prostate cancer cells with vitamin D analogs

(41) or a disulfiram-sunitinib combination (42) increase E-cadherin and other differentiation

markers and reduce proliferation. Slfn3 overexpression in human HCT-116 colon cancer

cells similarly drives differentiation and increases E-cadherin levels (43). SLFN12 increased

mature E-cadherin in LNCaP cells. These results therefore suggest the further hypothesis

that Schlafen protein effects on E-cadherin may be involved in the growth inhibitory effects

of Schlafen proteins.

Differentiation induced by butyrate, flavonoids or vitamin D reduces proliferation of

prostate cancer and normal cells (5, 8, 39). Schlafen proteins involved in differentiation may

also modulate proliferation in some cell types. Slfn1, implicated in myeloid differentiation

and proliferation (31) in murine epithelial cells, reduces proliferation by regulating cyclin

D1 expression (33). Slfn3-mediated proliferation and differentiation correlated with TGFβ

expression in colon cancer cells (44) but Slfn3 does not change proliferation of normal

enterocytes in vitro (15) or in vivo (16). Our results support an antiproliferative effect of

Schlafen proteins in cancer cells, although the mechanisms responsible for these effects may

vary among cell types.

ERK activation correlates with progression of androgen-independent prostate cancer (45),

while DPP4 overexpression inhibits ERK in prostate cancer cells (10). However, neither

ERK inhibition by MEK blockade nor MLK inhibition abolished SLFN12 effects on DPP4

or PSA, suggesting that SLFN12 acts in prostate cancer cells independently of ERK and

MLK. Although SLFN12 may not require MLK to exert its effects, our data suggest that

adenoviral over-expression of SLFN12 may itself be influenced by MLK signaling. The

reduction of SLFN12 overexpression by the MLK inhibitor likely did not diminish the

downstream effects of SLFN12 overexpression because the levels of SLFN12 achieved by

the viral infection were already supramaximal, so that even the somewhat reduced SLFN12

levels achieved in the setting of MLK inhibition were sufficient to cause the SLFN12

downstream effects.

Other Schlafen proteins have been implicated in rodent immune regulation (12), and CD3,

CD28, and CD25 may be important for the expression of Schlafen transcripts in regulatory T

cells (46). Another short Schlafen protein, Slfn2, controls hematopoietic colony formation,

but its deletion increases murine fibroblast proliferation and reduces IFNα-dependent

growth inhibition (47). Potential mechanisms of Schlafen 12 in the regulation of immune

functions and how they would interact with the effects that we study here are beyond the

scope of the current investigation and await further study.

SLFN12 overexpression increases DPP4 expression at both the transcript and protein level,

increases mature E-cadherin, and reduces both PSA expression and proliferation, consistent
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with a more differentiated, less aggressive phenotype for prostate cancer. While its

mechanism awaits elucidation, the differentiating effects of SLFN12 seem independent of

MLK or ERK. SLFN12 or the pathways by which it acts may be targets to regulate the

proliferation or phenotype of prostate cancer cells.
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Figure 1. SLFN12 induction modulates DPP4 and PSA but not SI, GLUT2 or AR transcript
levels in LNCaP cells
60% confluent LNCaP cells were treated with Ad-GFP (GFP) or Ad-GFP-SLFN12

(GFPSLFN12) for 24, 48, 72 and 96 hours (n=12). Transcript levels of SLFN12 (A), PSA

(B), were determined by quantitative reverse transcriptase-polymerase chain reaction at all

time points and transcript levels of DPP4 (C), SI (D), GLUT2 (E), AR (F) at the 72 hour

time point. Error bars indicate standard errors. * - p<0.05
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Figure 2. SLFN12 induction modulates DPP4 and PSA transcript levels in PC-3 cells
60% confluent PC-3 cells were treated with Ad-GFP (GFP) or Ad-GFP-SLFN12

(GFPSLFN12) for 72 hours (n=12). Transcript levels of SLFN12 (A), PSA (B), DPP4 (C) of

PC-3 cells were determined by quantitative reverse transcriptase-polymerase chain reaction.

Error bars indicate standard errors. * - p<0.05
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Figure 3. SLFN12 overexpression changes proliferation of LNCaP cells
A. Treatment of 50–60% confluent LNCaP with Ad-GFP-SLFN12 for 72 h reduced

proliferation compared to Ad-GFP treated control cells. B. Full length Caspase 3 in Ad-GFP

and Ad-GFP-SLFN12 treated LNCaP cells. Error bars indicate standard errors. * - p<0.05.
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Figure 4. Modulation of PSA and DPP4 transcript levels by SLFN12 does not depend on ERK or
MLK signaling
ERK (PD9) and MLK (CEP) inhibitors do not reverse SLFN12 induced expression of

SLFN12 (A). MLK inhibitor increases PSA but similarly to ERK inhibitor does not reverse

SLFN12-mediated suppression of PSA (B) (*-significant compared to GFP-treated group, #-

significant to indicated control (DMSO) group). ERK (PD9) and MLK (CEP) inhibitors do

not reverse SLFN12 induced expression of DPP4 (C). MEK inhibitor suppression of ERK

was confirmed by measurement of protein levels of phosphorylated ERK (D), in Ad-GFP

(GFP) and Ad-GFP-SLFN12 (SLFN12, S12) after treatment with DMSO (control), MLK
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(CEP) or ERK (PD9) inhibitors for 72 hours. Similarly, the efficacy of the MLK inhibitor

was confirmed by the demonstration that CEP significantly reduced pJNK levels in Ad-GFP

and Ad-GFP-SLFN12 treated cells (E). *-significant compared to Ad-GFP treated control

(DMSO) group. Error bars indicate standard errors. * - p<0.05.
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Figure 5. Modulation of PSA, DPP4 and E-cadherin protein levels by SLFN12 does not depend
on ERK or MLK signaling
Protein levels of PSA (A), DPP4 (B) and Mature (Mat-CDH1) and precursor (Pre-CDH1)

forms of E-Cadherin (C) were measured in Ad-GFP and Ad-GFP-SLFN12 after treatment

with DMSO (control), MLK (CEP) or ERK (PD9) inhibitors for 72 hours. Error bars

indicate standard errors. * - p<0.05. Bars with different letters are significantly different

(p<0.05).
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