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ABSTRACT

Colorectal cancer patients with relatively higher expression of peroxisome proliferatoractivated receptor β/δ (PPARβ/δ) in their primary tumors as compared to patients with relatively
lower PPARβ/δ expression exhibit lower propensity of metastasis and significantly increased
survival. One of the mechanisms underlying cancer metastasis is the process of epithelial-tomesenchymal transition (EMT). This study tested the hypothesis that ligand activation of
PPARβ/δ would inhibit EMT using a human colon carcinoma cell line (HCT116). EMT was
induced in HCT116 cells by treating with tumor necrosis factor α (TNFα), and the influence of
PPARβ/δ was determined by examining the effect of the highly specific PPARβ/δ agonist,
GW0742, and/or antagonist, GSK3787. TNFα induced EMT in HCT116 cells at 36 hours as
evidenced by the development of a mesenchymal-like morphology, a decrease in E-CADHERIN
mRNA and protein expression and an increase in N-CADHERIN protein expression compared to
controls. Ligand activation of PPARβ/δ in HCT116 cells caused a decrease in TNFα-induced NCADHERIN expression and an increase in E-CADHERIN protein expression compared to
controls, but did not prevent morphological changes associated with EMT. Antagonizing
PPARβ/δ did not prevent the effects of ligand activation of PPARβ/δ on EMT in HCT116 cells.
Recently, EMT has been linked to the acquisition of cancer stem cell (CSC) phenotypes. Ligand
activation of PPARβ/δ caused a decrease in SNAIL mRNA expression as well as NANOG and
OCT4 protein expression in HCT116 cells compared to controls. Collectively, results from this
study provide evidence that ligand activation of PPARβ/δ inhibits TNFα-induced EMT in
HCT116 cells by modulating stemness.
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Introduction
Peroxisome proliferator-activated receptors (PPARs) are ligand-activated transcription
factors and members of the nuclear hormone receptor super family known to play crucial roles in
lipid and glucose homeostasis, inflammation, and terminal differentiation (1). Additionally, all
three PPAR isoforms, PPARα, PPARγ, and PPARβ/δ, have been implicated in the development
or prevention of cancer (1). While the roles of some PPAR isoforms are better defined, this field
of study has accumulated a large body of contradictory results with respect to the role of
PPARβ/δ in carcinogenesis. In particular, studies focused on PPARβ/δ in colon carcinogenesis
have yielded numerous conflicting findings (1-5). An initial hypothesis suggested that PPARβ/δ
was a transcriptional target of the APC/β-CATENIN/TCF4 signaling pathway, causing increased
PPARβ/δ expression and the subsequent activation of presently unidentified PPARβ/δ target
genes promoting carcinogenesis (6). This hypothesis surfaced and is supported, in part, by
observations that PPARβ/δ expression is higher in colon cancer tissue compared to normal
colonic epithelia (2). However, an abundance of evidence has suggested that PPARβ/δ is not a
target of the APC/β-CATENIN/TCF4 pathway and that its expression level is generally
decreased in colon tumor samples compared to that in normal colonic tissue (1,2).
A competing hypothesis holds that ligand activation of PPARβ/δ protects against colon
cancer development. In support of this hypothesis, silencing PPARβ/δ expression in HCT116
human colon carcinoma cells results in increased cell proliferation (7), while ligand activation of
PPARβ/δ has no effect on or decreases cell proliferation in numerous colon cancer cell lines
(8,9). Further, tumor volume is increased in PPARβ/δ-null xenografts, and those same xenografts
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exhibit higher resistance to the vascular endothelial growth factor (VEGF) inhibitor,
bevacizumab, and lower expression of differentiation markers (10). The same study also noted
significantly higher VEGF expression in Pparβ/δ-null xenografts and a decrease in VEGF
expression in colon cancer cells expressing PPARβ/δ when cultured with a PPARβ/δ ligand.
Furthermore, Pparβ/δ-null mice form more colon polyps than do mice expressing PPARβ/δ, and
ligand activation of PPARβ/δ increases expression of differentiation markers in the colon (11).
However, a conflicting report shows that xenografts of HCT116 Pparβ/δ-null cells results in
increased tumor volume (12). In a separate study, ligand activation of PPARβ/δ exacerbates
colon polyp formation in mice and increases VEGF expression, leading to autocrine-mediated
activation and phosphorylation of AKT (13). Critical analysis in a subsequent report revealed
that ligand activation of PPARβ/δ does not influence colonic expression of VEGF or phophoAKT in vitro or in vivo (9).
Further support for the hypothesis that ligand activation of PPARβ/δ attenuates
carcinogenesis is found in the evidence describing PPARβ/δ-mediated anti-inflammatory
responses in multiple tissue types (2-4). It is well known that inflammation promotes
carcinogenesis and tumor progression while anti-inflammatory therapeutics protect against
neoplastic growth (14). To this point, ligand activation of PPARβ/δ is commonly reported to
interfere with NF-κB-dependent transcription and have anti-inflammatory activities (15-21).
Combined with the observations from the aforementioned studies suggesting that PPARβ/δ
attenuates colon carcinogenesis, promotes terminal differentiation, and has anti-inflammatory
properties, a growing body of evidence supports the protective role of PPARβ/δ in the colon.
Perhaps the strongest evidence in support of this notion comes from a recently published 15
yearlong retrospective study of patients diagnosed with colorectal cancer (CRC). Relatively
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higher expression of PPARβ/δ in the primary tumors is associated with increased survival and a
lower rate of lymph node metastasis compared to patients with relatively lower expression of
PPARβ/δ (22). These findings suggest that, among its other known functions, PPARβ/δ may play
a role in regulating metastasis in colonic epithelium. Indeed, PPARβ/δ interferes with matrix
metalloproteinase (MMP)-2 and -9 expression and cell migration and invasion in both pancreatic
and testicular cancer cells (23,24).
One underlying mechanism of metastasis is EMT (25). Cells undergoing EMT lose their
epithelial characteristics and gain mesenchymal-like properties. These changes include a switch
in adhesion molecules, cytoskeletal rearrangement, the gain of a spindle-like morphology, and
increased migratory and invasive activity (25,26). Molecular hallmarks of EMT include a
reduction of E-CADHERIN expression with a concomitant increase in N-CADHERIN
expression (25). One of the major inducers of EMT is the transcription factor SNAIL, itself
activated by the TNFα / nuclear factor-κB (NF-κB) signaling pathway (27-30). SNAIL is a
transcriptional repressor of E-CADHERIN and other epithelial markers as well as a
transcriptional activator of mesenchymal proteins including N-CADHERIN, MMP2, and MMP9
(25,26). In HCT116 cells, TNFα stabilizes the relatively labile protein, SNAIL, by activating
AKT, consequently inhibiting glycogen synthase kinase-3β (GSK-3β)-mediated degradation of
SNAIL (29).
Beyond providing cancerous cells the ability to metastasize, recently, EMT has been
implicated in the development of CSCs (31). Recent evidence suggests that SNAIL is a critical
mediator in the expression of stem cell markers and the induction of CSC phenotypes. In
HCT116 and HT29 CRC cells, SNAIL overexpression induces EMT and confers stemness
phenotypes such as the ability of cells to form spheres and elicit increased chemoresistance (32).
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In human mammary epithelial cells, SNAIL mediates the gain of CSC phenotypes while it
induces the expression of NANOG, OCT4, and SOX2 in both non-small-cell lung cancer and
pancreatic cancer cells (33-35). Further, in non-small-cell lung cancer cells, SNAIL
overexpression causes increased expression of NANOG, Oct4, and SOX2, and SNAIL-induced
NANOG expression requires AKT activation (34). In CRC cells, NANOG overexpression results
in enhanced migration and invasion (36). Consistent with this, OCT4 and NANOG
overexpression in hepatocellular carcinoma cells gives rise to CSC phenotypes and EMT via
STAT3/SNAIL signaling (37). Although NANOG appears to have the ability to initiate EMT by
inducing SNAIL transcription, its expression is also positively regulated by SNAIL, suggesting
that EMT induction and the development of CSCs are highly interconnected phenomena (36).
These findings all implicate SNAIL as a central protein of interest in carcinogenesis, metastasis,
and the maintenance of CSCs.
Considering the roles of PPARβ/δ in the attenuation of colon carcinogenesis, antiinflammatory response, terminal differentiation, and its negative association with lymph node
metastasis status, this study investigated the effects of ligand activation of PPARβ/δ on EMT in
HCT116 cells.
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Materials and Methods
Cell culture and reagents
HCT116 colon carcinoma cells (CCL-247) were purchased from the ATCC (Manassas,
VA) and cultured in McCoy’s 5A Medium (Lonza, Walkersvill, MD) with 10% fetal bovine
serum (GIBCO-Invitrogen, Carlsbad, CA) and 1.0% penicillin-streptomycin (GIBCOInvitrogen) at 37°C and 5% CO2. HCT116 cells stably overexpressing human PPARβ/δ were
established by transforming the cells with the MigR1-hPPARβ/δ-enhanced green fluorescent
protein (eGFP) retroviral vector, as previously described (38). Stable integration of the MigR1
vector allows cells to overexpress an inserted gene encoding a protein of interest as well as
eGFP. Control HCT116-MigR1 (MigR1) cells were transformed with empty MigR1-eGFP
vector while HCT116-MigR1-hPPARβ/δ (hPPARβ/δ) cells stably overexpressing human
PPARβ/δ were transformed with the MigR1-hPPARβ/δ-eGFP vector. GW0742 and GSK3787
(GlaxoSmithKline, Research Triangle Park, NC) were dissolved in vehicle control (dimethyl
sulfoxide) and applied as indicated in subsequent sections. Recombinant human TNFα and TGFβ1 (R&D Systems Inc, Minneapolis, MN) were dissolved in PBS containing BSA (1 mg/ml) to a
concentration of 100 μg/ml and were used as subsequently described.
Western blot analysis
HCT116 cells were seeded in 6 well plates and treated with GW0742 (0.1 or 1.0 μM)
and/or GSK3787 (1.0 μM) for 24 hours. Control cells were treated with vehicle control.
Following 24 hour pretreatment with GW0742 and/or GSK3787, TNFα (20 ng/ml or otherwise
specified) was added to the appropriate samples for 36 hours. Whole-cell protein lysates were
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obtained using cold RIPA buffer (50 mM Tris-HCl, 150 mM NaCl, 1.0% NP-40, 0.5% sodium
deoxycholate, pH 7.5) containing a protease inhibitor cocktail (Roche Diagnostics, Indianapolis,
IN). Supernatant from lysates spun at 12,500 RPM for 15 min was collected, and protein
concentration determined using the BCA Protein Assay Kit (ThermoScientific, Rockford, IL)
and the GloMax Muli+ Detection System (Promega, Madison, WI). 25-40 μg of protein extract
was applied on 10% separation gels and resolved by SDS-PAGE. Protein was transferred onto
Immobilin polyvinlidene difluoride membranes (Millipore, Bedford, MA). Membranes were
blocked with dried milk (5.0% w/v) in Tris-buffered saline with Tween-20 (TBST) for 1 hour
and subsequently washed in TBST (3x, 10 min). Membranes incubated with primary antibody
were gently agitated overnight at 4°C, washed in TBST (3x, 10 min), incubated in biotinconjugated secondary antibody (Jackson ImmunoResearch Laboratories, West Grove, PA) at
room temperature for 1 hour and washed again in TBST (3x, 10 min). Radioactivity levels were
detected and quantified following incubation in 125I-streptavidin using the Optiquant 4.0
phosphorimaging system (Packard Instrument Co., Meriden, CT). Signals of interest were
normalized to that of lactate dehydrogenase (LDH). The primary antibodies used were anti-ECADHERIN (0.25 μg/ml; BD Transduction Laboratories, San Jose, CA), anti-N-CADHERIN
(Cell Signaling Technology, Beverly, MA), anti-PPARβ/δ (1 μg/ml; Abcam, Cambridge, MA),
anti-KERATIN 18 (0.2 μg/ml; R&D Systems, Minneapolis, MA), anti-OCT4 (Cell Signaling
Technology, Beverly, MA), anti-NANOG (Cell Signaling Technology, Beverly, MA), and antiLDH (0.2 μg/ ml; Rockland, Limerick, PA).
RNA isolation and quantitative real-time PCR (qPCR)
Total cellular RNA was isolated using Trizol reagent (Ambion, Carlsbad, CA) following
the manufacturer’s protocol. cDNA was synthesized from 2.5 μg of total RNA by M-MLV
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reverse transcriptase (Promega, Madison, WI). 10 ng of cDNA were combined with SYBR
Green PCR Supermix (Quanta Biosciences, Gaithersburg, MD) and the appropriate primers (1
μM) to achieve a final reaction volume of 20 μl. All samples were run in triplicates.
Amplification and detection of target transcripts were performed using the iCycler iQ5 PCR
thermal cycler (Bio-Rad Laboratories, Hercules, CA) programmed to 45 cycles at 95°C for 10s,
60°C for 30s and 72°C for 30s. Target gene expression was normalized to GAPDH mRNA
expression. Relative mRNA expression was calculated using the ΔΔCt method. The following
primers (Integrated DNA Technologies, Coralville, IA) were used to detect relative mRNA
expression: angiopoietin-like 4 (ANGPTL4) forward,
5’-TCACAGCCTGCAGACACAACTCAA-3’ and reverse,
5’-CCAAACTGGCTTTGCAGATGCTGA-3’; SNAIL, 5’-GCCGGAAGCCCAACTATAGC-3’
and 5’-AGGGCTGCTGGAAGGTGAA-3’;
NANOG, 5’-AGCATCCGACTGTAAAGATCTTCAC-3’ and
5’-CAGAAGACATTTGCAAGGATGGATAG-3’; E-CADHERIN,
5’-CAGAGTGAATTTTGAAGATTGCA-3’ and 5’-CCTTTTGACTGTAATCACACCATC-3’.
Wound healing assay
HCT116 cells were seeded on 6 well plates and allowed to grow to confluence. After 24
hour pretreatment with GW0742 (0.1 and 1.0 μM) TNFα (20 ng/ml) was added and scratches
were made using a 10 μl pipette tip measuring 0.6 mm in diameter. Photomicrographs were
taken at 0, 12, and 24 hours post-scratch. Percent wound closure was measured using ImageJ
(Version 1.5g, NIH, Bethesda, MD). All experimental groups were seeded in triplicate.
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Gelatin zymography
HCT116 cells were seeded in 6 well plates overnight. Cells were then washed twice with
serum-free media prior to the addition of 1 ml of serum-free media containing vehicle control or
GW0742 (1 μM). After 24 hours of GW0742 treatment, TNFα (20 ng/ml) was added to the
appropriate samples for 36 hours. Following all treatment regimens, conditioned media was
collected and samples were applied on an 8% separation gel containing gelatin (5% w/v) and
resolved via SDS-PAGE. Gels were then washed (4x, 15 min) in renaturing buffer (50 mM TrisHCl pH 7.5, 2.5% Triton X-100) at room temperature, and subsequently incubated overnight at
37°C in developing buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 100 mM CaCl2, and 0.05%
Sodium azide). Gels were stained for 30 min with coomassie-blue R250 and then destained
overnight.
Statistical analysis
Data were analyzed for statistical significance by one-way analysis of variance
(ANOVA) and the Bonferroni’s multiple comparison test or the student’s t-test as indicated in
figure legends. Statistical significance was reached when p < 0.05. Statistical tests were carried
out using Prism 6.0 (GraphPad Software Inc., LaJolla, CA).

9

Results
TNFα induces EMT in HCT116 cells
HCT116 cells were cultured in TGF-β1 or TNFα to establish a consistent EMT model.
Both TNFα and TGF-β1 are molecules commonly used to induce EMT (25). TGF-β1, at various
concentrations, failed to induce EMT in HCT116 cells at 48 hours as noted by the absence of
changes in cell morphology or EMT marker expression (Figure 1A, 1B). Because HCT116 cells
were unresponsive to TGF-β1, cells were treated with TNFα (50 ng/ml) at multiple time points to
monitor potential EMT induction. At 24 hours, cells acquired a slight, yet noticeable gain in
spindle-like cell morphology with an associated decrease in E-CADHERIN expression (Figure
1C, 1D).
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Figure 1. Establishment of an EMT model in HCT116 cells. A. Representative
photomicrographs of HCT116 cells cultured with TGF-β1 (10 ng/ml) for 48 hours. B. The
expression levels of EMT markers in HCT116 cells were analyzed by western blot analysis
following TGF-β1 stimulation for 48 hours at the indicated concentrations; Control = C. Relative
expression of target protein was normalized to LDH C. The expression levels of EMT markers in
HCT116 cells were analyzed by western blot analysis following TNFα treatment (50 ng/ml) at
the indicated time, in hours; Control = CON. Relative expression of target protein was
normalized to LDH. D. Representative photomicrographs of HCT116 cells treated with TNFα
(50 ng/ml) for 24 hours. The arrow indicates a cell exhibiting mesenchymal-like morphology.
In the investigation for a more consistent and striking induction of EMT, HCT116 cells
were cultured in TNFα (20 ng/ml) for 48, 72, and 96 hours. Changes in cell morphology from the
normal cobblestone shape of HCT116 cells to the typical spindle-like morphology of
mesenchymal cells were observed at all three time points (Figure 2A). Molecularly, a decrease in
the expression of the epithelial marker E-CADHERIN was observed in all TNFα-treated
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samples. Increases in N-CADHERIN expression and decreases in KERATIN 18 expression were
most apparent at 48 hours post-TNFα treatment (Figure 2B). EMT was transiently induced as
noted by reestablishment of both N-CADHERIN and KERATIN 18 expression levels near that
of controls at 72 and 96 hours post-treatment, respectively. To gain a thorough understanding of
the time of EMT induction, E-CADHERIN mRNA levels were measured at 12, 24, 36, and 48
hours after TNFα treatment. Interestingly, E-CADHERIN expression increased at 12 hours, but
was significantly diminished at 24 and 36 hours (Figure 2C). Collectively, these results
suggested that EMT was strongly and consistently induced in HCT116 cells at 36 hours. This
time point and TNFα concentration were chosen for all remaining experiments involving EMT
induction.
Ligand activation of PPARβ/δ induces ANGPTL4 expression
In order to assess whether HCT116 cells express a functional PPARβ/δ, ANGPTL4
mRNA levels were measured after administration of GW0742. ANGPTL4 is a well-characterized
PPARβ/δ target gene, transcriptionally activated by PPARβ/δ following treatment with PPARβ/δ
ligands. Treatment of HCT116 cells with GW0742 at both 0.1 and 1.0 μM caused a significant
increase in ANGPTL4 mRNA levels. Sole treatment with GSK3787, a PPARβ/δ antagonist, did
not affect ANGPTL4 expression. Co-treatment with GW0742 and GSK3787 attenuated the
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increase in ANGPTL4 expression seen in GW0742-treated samples, but ANGPTL4 mRNA levels
were still significantly higher than in vehicle-treated controls (Figure 3).

Figure 2. TNFα induces EMT in HCT116 cells. A. Representative photomicrographs of
HCT116 cells treated with TNFα (20 ng/ml) for the indicated time, in hours. Arrows indicate
cells exhibiting mesenchymal-like morphology. B. The expression of EMT markers were
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analyzed by western blot analysis following TNFα (20 ng/ml) treatment for the indicated time.
Relative expression of target protein was normalized to LDH. C. Relative E-CADHERIN mRNA
expression was analyzed by qPCR following TNFα (20 ng/ml) treatment for the indicated time
period, in hours. Values represent mean ± S.E.M. Tests for statistical significance were
performed using the one-way ANOVA and Bonferroni’s multiple comparison test. *significantly different than control, p ≤ 0.05. Values with different letters are significantly
different than control, p ≤ 0.05.

Figure 3. Ligand activation of PPARβ/δ in HCT116 cells. HCT116 cells were treated with
vehicle control, GW0742 (0.1 or 1.0 μM), GSK3787 (1.0 μM), or GW0742 (1.0 μM) and
GSK3787 (1.0 μM) for 24 hours. Relative ANGPTL4 mRNA expression was analyzed by qPCR.
Error bars represent mean ± S.E.M. Statistical significance was determined by applying the oneway ANOVA and Bonferroni’s multiple comparison test. * / #-significantly different than
control, p ≤ 0.05.
Ligand activation of PPARβ/δ inhibits EMT in HCT116 cells

Having established an EMT model, the effects of ligand activation of PPARβ/δ on TNFαinduced EMT were investigated. TNFα induced morphological changes consistent with EMT at
36 hours post-treatment. Pretreatment with GW0742 did not prevent cells from acquiring the
mesenchymal morphology after TNFα addition (Figure 4A). HCT116 cell morphology did not
change in samples cultured solely in GW0742. Molecular analysis revealed that E-CADHERIN
expression was significantly increased while N-CADHERIN expression was markedly
diminished upon ligand activation of PPARβ/δ with GW0742 (Figure 4B). Despite succumbing
to TNFα-induced morphological changes, pretreatment with GW0742 at 1 μM did inhibit EMT-
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associated molecular changes. Samples co-cultured in TNFα and GW0742 exhibited higher ECADHERIN expression and lower N-CADHERIN expression than in TNFα-controls. However,
neither E-CADHERIN nor N-CADHERIN expression returned entirely to the level seen in
vehicle-treated controls (Figure 4C).

Figure 4. Ligand activation of PPARβ/δ inhibits TNFα-induced EMT in HCT116 cells. A.
Representative photomicrographs of HCT116 cells cultured in vehicle control, GW0742 (0.1 or
1.0 μM), or GW0742 and TNFα (20 ng/ml). Cells were pretreated with GW0742 or DMSO for
24 hours prior to the addition of TNFα. Photomicrographs were taken 36 hours after TNFα
treatment. Arrows indicate cells exhibiting mesenchymal-like morphology. B, C. The expression
of E-CADHERIN and N-CADHERIN in HCT116 cells treated vehicle control, GW0742 (0.1 or
1.0 μM), or TNFα (20 ng/ml) and GW0742 (0.1 or 1.0 μM) were quantified by western blot
analysis following the time duration outlined in (A). Relative expression of target protein was
normalized to LDH. Values represent mean ± S.E.M. Statistical significance was determined by
applying the one-way ANOVA and Bonferroni’s multiple comparison test. Superscripts mark
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statistical significance at p < 0.05. *-significantly different than control, and #-significantly
different between TNFα and TNFα + GW0742 (1.0 μM) groups, p ≤ 0.05.
To examine if EMT inhibition was PPARβ/δ-dependent, the effects of antagonizing
PPARβ/δ on EMT were analyzed. No gross morphological changes were induced by treatment
with GSK3787 or with GSK3787 and GW0742 (Figure 5A). In cells treated with TNFα,
GSK3787 failed to attenuate the changes in E-CADHERIN and N-CADHERIN expression
caused by GW0742 (Figure 5B). These changes did not recover the expression of either EMT
marker to the level of vehicle-treated controls. Correspondingly, the epithelial morphology was
not recovered by co-treatment with GW0742 and GSK3787 in cells undergoing EMT. Graphical
representations comparing the effects of all agonist and antagonist treatments on E-CADHERIN
and N-CADHERIN protein expression summarize the molecular observations from Figures 4
and 5 (Figure 6). These results suggest that EMT inhibition by GW0742 may not be mediated by
PPARβ/δ.
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Figure 5. GSK3787 does not attenuate GW0742-mediated EMT inhibition. A.
Representative photomicrographs of HCT116 cells cultured in vehicle control, GSK3787 = GSK
(1.0 μM), GW0742 = GW (1.0 μM), GSK3787 and GW0742, TNFα (20 ng/ml), TNFα and
GSK3787, or TNF-α, GSK3787 and GW0742. Cells were pretreated with GW0742 or GSK3787
for 24 hours prior to the addition of TNFα. Photomicrographs were taken 36 hours after TNFα
treatment. Arrows indicate cells exhibiting mesenchymal-like morphology. B. The expression of
E-CADHERIN and N-CADHERIN in HCT116 cells following the treatment profile described in
(A) were quantified by western blot analysis. Relative expression of target protein was
normalized to LDH. Values represent mean ± S.E.M. Statistical significance was determined by
applying the one-way ANOVA and Bonferroni’s multiple comparison test. . *-significantly
different than control, and #-significantly different between TNFα and TNFα + GSK3787 +
GW0742 groups, p ≤ 0.05.
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Figure 6. E-CADHERIN and N-CADHERIN expression among all treatment groups A, B,
C, D. Comparison of relative protein expression of E-CADHERIN and N-CADHERIN in
HCT116 cells among all treatment groups described in Figures 4 and 5, with the exception of
samples cultured in 0.1 μM GW0742. Error bars represent mean ± S.E.M. Statistical significance
was determined by applying the one-way ANOVA and Bonferroni’s multiple comparison test. *
/ #-significantly different than control, p ≤ 0.05.
Ligand activation of PPARβ/δ decreases the expression of stem cell factors
Due to recent reports linking EMT with the expression of the stemness factors NANOG,
OCT4, and SOX2, the effect of ligand activation of PPARβ/δ on their expression levels was
examined. SOX2 protein levels were not detectable in HCT116 cells. Administration of GW0742
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for 36 hours at 1.0 μM resulted in a significant decrease in NANOG expression while a decrease
in OCT4 expression occurred after 24 hour ligand treatment at 1 μM. OCT4 expression in
response to 0.1 μM GW0742 treatment approached significance (p = 0.0559) (Figure 7A, B).
Despite a decrease in the amount of NANOG protein, NANOG mRNA levels were unaffected by
either GW0742 or GSK3787 at 24 hours, yet interestingly were higher in samples treated with
both the agonist and antagonist (Figure 7C).

Figure 7. Ligand activation of PPARβ/δ decreases stem cell marker expression. A. NANOG
expression in HCT116 cells in response to treatment with GW0742 = GW (1.0 μM) for 36 hours
was analyzed by western blot analysis; n = 6 for each group. B. OCT4 expression in HCT116
cells was analyzed by western blot analysis after treatment with GW0742 (0.1 or 1.0 μM) for 24
hours. Target protein expression was normalized to LDH. For GW0742 (0.1 μM) p = 0.0559 C.
Relative NANOG mRNA expression was quantified by qPCR following treatment with GW0742,
GSK3787, or GW0742 and GSK3787 (all at 1 μM) for 24 hours. Values and error bars represent
mean ± S.E.M. Statistical significance from controls was determined by applying the Student’s ttest. *-significantly different than control, p ≤ 0.05.
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Ligand activation of PPARβ/δ decreases SNAIL mRNA expression
Although GSK3787 treatment did not attenuate EMT inhibition caused by ligand activation of
PPARβ/δ, the possibility remains that this effect is PPARβ/δ-dependent. To investigate the means by
which ligand activation of PPARβ/δ inhibits TNFα-induced EMT, SNAIL expression was analyzed after
agonist and antagonist treatment for 24 hours (Figure 8). Treatment with GW0742 resulted in a
significant decrease in SNAIL mRNA levels. GSK3787 did not alter SNAIL expression, while coadministration with GW0742 and GSK3787 attenuated the decrease seen in cells treated solely with
GW0742.

Figure 8. Ligand activation of PPARβ/δ inhibits SNAIL expression. A. Relative SNAIL
mRNA expression in HCT116 cells was quantified by qPCR following treatment with GW0742,
GSK3787, or GW0742 and GSK3787 (all at 1 μM) for 24 hours. Values and error bars represent
mean ± S.E.M. Statistical significance from controls was determined by applying the Student’s ttest. *-significantly different than control, p ≤ 0.05.
Ligand activation of PPARβ/δ does not influence migratory behavior of HCT116 cells

Wound healing assays were performed to assess the effects of ligand activation of
PPARβ/δ on cell migration in the EMT model (Figure 9A). No significant differences were
found between any samples, although wounds from samples treated with TNFα did tend to close
more quickly than control wounds (Figure 9B).
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Figure 9. Ligand activation of PPARβ/δ does not influence cell migration in HCT116 cells.
A. Representative photomicrographs of wound-healing migration assay in HCT116 cells
following GW0742 and/or TNFα (20 ng.ml) treatment as previously described in methods. B.
Graphical representation of percent wound closure at 24 hours post-scratch. Error bars represent
mean ± S.E.M. Statistical significance from controls was determined by applying the one-way
ANOVA and Bonferroni’s multiple comparison test. No group reached statistical significance at
p ≤ 0.05.
Ligand activation of PPARβ/δ does not affect MMP2 or MMP9 secretion in HCT116 cells
Gelatin zymography was performed to determine if ligand activation of PPARβ/δ would
lower the invasive potential of HCT116 cells undergoing EMT. TNFα treatment caused
significant increases in both MMP2 and MMP9 activity (Figure 10). Ligand activation of
PPARβ/δ did not inhibit the effects of TNFα treatment. Cells treated with GW0742 alone were
not significantly altered in either MMP2 or MMP9 secretion.
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Figure 10. Ligand activation of PPARβ/δ has no effect on MMP activity. A. Gelatin
zymography analysis of MMP2 and MMP9 activity in HCT116 cells in response to TNFα (20
ng/ml) and/or GW0742 = GW (1.0 μM) treatment. B. Relative activities of MMP9 and MMP2.
Error bars represent mean ± S.E.M. Statistical significance was determined by applying the oneway ANOVA and Bonferroni’s multiple comparison test; n = 2 for each group. *-significantly
different than control, p ≤ 0.05.
Comparison of HCT116-parent cells with genetically altered HCT116 cells
Cell morphology and protein expression in HCT116 cells containing an empty vector
(MigR1) or a vector designed to overexpress PPARβ/δ (hPPARβ/δ) were compared with
HCT116-parent cells (control) (Figure 11). Cellular morphology among the transformed cells
was noticeably different than in control cells. Both MigR1 and hPPARβ/δ cells varied in size,
possessed filopodia, and failed to exhibit a rather consistent shape (Figure 11A). Basal level ECADHERIN expression was significantly higher in hPPARβ/δ cells compared to parent cells.
Interestingly, N-CADHERIN expression was also significantly increased in both MigR1 and
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hPPARβ/δ cell lines compared to control cells while OCT4 expression was lower in both MigR1
and hPPARβ/δ cells (Figure 11B). Surprisingly, no significant differences in PPARβ/δ protein
expression were found between control, MigR1 or hPPARβ/δ cells. However, GW0742
treatment resulted in markedly higher ANGPTL4 mRNA levels in hPPARβ/δ cells compared to
control and MigR1 cells, suggesting that greater amounts of functional PPARβ/δ were expressed
in these cells (Figure 11C).

Figure 11. Characterization of HCT116-parent, MigR1, and hPPARβ/δ cells. A.
Representative photomicrographs of HCT116-parent (P), HCT116-MigR1 (MigR1), and
HCT116-hPPARβ/δ (hPPARβ/δ) cells. B. Western blot comparison of E-CADHERIN, NCADHERIN, PPARβ/δ, and OCT4 relative protein expression between the three cell types.
Target protein expression was normalized to LDH. C. Relative ANGPTL4 mRNA expression in
control, MigR1, and hPPARβ/δ cells was quantified by qPCR following treatment with GW0742
for 24 hours. Values and error bars represent mean ± S.E.M. Statistical significance from
controls was determined by applying the one-way ANOVA (B) or two-way ANOVA (C) and
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Bonferroni’s multiple comparison test. *-statistically different than HCT116-parent control and
the respective control group, p ≤ 0.05.
Effects of ligand activation of PPARβ/δ on EMT in genetically altered HCT116 cells
The EMT model was extended to both MigR1 and hPPARβ/δ cells. TNFα caused morphological
changes consistent with EMT induction (Figure 12A). Pretreatment with GW0742 did not prevent TNFαinduced morphological changes. In both MigR1 and hPPARβ/δ cells, TNFα caused upregulation of NCADHERIN, yet failed to cause a decrease in E-CADHERIN expression (Figure 12B). In MigR1 cells,
but not hPPARβ/δ cells, co-treatment with GW0742 and TNFα resulted in a significant increase in ECADHERIN expression compared to vehicle-treated controls. In both cell types, ligand activation of
PPARβ/δ without TNFα treatment resulted in increased E-CADHERIN expression, but GW0742 did not
significantly affect N-CADHERIN levels.
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Figure 12. Effect of ligand activation of PPARβ/δ in stable HCT116-MigR1 cells. A.
Representative micrographs of HCT116-MigR1 and HCT116-hPPARβ/δ cells following
pretreatment with either vehicle control or GW0742 (1.0 μM) for 24 hours and subsequent TNFα
(20 ng/ml) addition for 36 hours. Arrows indicate cells exhibiting mesenchymal-like
morphology. B, C. The relative expression of E-CADHERIN and N-CADHERIN in MigR1 and
hPPARβ/δ cells were quantified by western blot analysis following the treatment described in
(A). Target protein expression levels were normalized to LDH. Values represent mean ± S.E.M.
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Statistical significance was determined by applying the one-way ANOVA and Bonferroni’s
multiple comparison test. *-significantly different than control, p ≤ 0.05.

Figure 13. Potential model of PPARβ/δ-mediated regulation of EMT and cell stemness.
Dashed lines represent proposed, yet currently unknown mechanisms by which PPARβ/δ
regulates EMT and stemness in HCT116 human colon cancer cells. 1. Ligand activation of
PPARβ/δ may interfere with NF-κB signaling thereby inhibiting SNAIL transcription. 2. Ligand
activation of PPARβ/δ may directly repress SNAIL transcription by recruiting co-repressors to
the transcriptional complex and/or by interfering with other transcription factors that increase
SNAIL, NANOG, and/or OCT4. Collectively, these postulated mechanisms may disrupt the
positive regulation between NANOG, OCT4, and SNAIL expression, resulting in EMT
inhibition and reduced cell stemness.
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Discussion
There is significant controversy regarding the role of PPARβ/δ in colon carcinogenesis.
Thus, this study examined the effect of ligand activation of PPARβ/δ on EMT in HCT116 cells.
Consistent with the known functions of TNFα and SNAIL, HCT116 cells underwent EMT
following treatment with TNFα. Ligand activation of PPARβ/δ inhibited TNFα-induced EMT.
The upregulation of E-CADHERIN and downregulation of N-CADHERIN expression is likely
attributable to transcriptional repression of SNAIL by ligand activation of PPARβ/δ.
Antagonizing PPARβ/δ attenuated SNAIL repression, revealing that SNAIL regulation was
PPARβ/δ-dependent. Yet interestingly, changes in E-CADHERIN and N-CADHERIN
expression were unaffected by GSK3787, suggesting that these were not mediated by PPARβ/δ.
Although these results appear contradictory, it is still possible that the effects are PPARβ/δdependent. The present study did not critically evaluate PPARβ/δ-dependency, and GSK3787
may not be specific enough to counteract all of the effects of PPARβ/δ activation. Further studies
should clarify this point by investigating similar EMT models with PPARβ/δ knockdown.
However, in an effort to show that PPARβ/δ is a key regulator of EMT induction, the
EMT model was extended to HCT116 cells genetically modified to stably overexpress PPARβ/δ.
Although western blot analysis did not reveal a significant increase in PPARβ/δ expression in
hPPARβ/δ cells compared to MigR1 cells or parent cells, treatment with GW0742 resulted in
markedly higher PPARβ/δ activation in hPPARβ/δ cells, suggesting that they did indeed possess
higher levels of functional PPARβ/δ. The higher basal level E-CADHERIN expression in
hPPARβ/δ cells is intriguing since hPPARβ/δ cells did not exhibit higher basal levels of

27

PPARβ/δ activation from either control group. This suggests that PPARβ/δ may also modulate
E-CADHERIN expression in a ligand-independent manner. The increase in N-CADHERIN
expression and decrease in OCT4 expression in both MigR1 and hPPARβ/δ cells may be
unintended effects of transformation, which also caused substantial morphological changes to
both MigR1 and hPPARβ/δ cells. Ligand activation of PPARβ/δ did not significantly alter basal
N-CADHERIN expression in either MigR1 or hPPARβ/δ cells. This stands in contrast to the
sharp decline observed in parent cells, but may also be an effect of transformation, noting that
basal levels of N-CADHERIN were markedly higher in both MigR1 and hPPARβ/δ cell types. It
is also not clear why TNFα failed to reduce E-CADHERIN expression in either MigR1 or
hPPARβ/δ cells. Despite this, ligand activation of PPARβ/δ in both cell types caused an increase
in E-CADHERIN expression consistent with the increase seen in HCT116 parent cells. Further,
it provides support to the notion that ligand activated PPARβ/δ regulates SNAIL expression.
One major component of EMT is the acquisition of migration and invasion activity (26).
Ligand activation of PPARβ/δ inhibits TNFα-induced MMP9 expression and cell invasion in
human pancreatic cancer cells, while PPARβ/δ overexpression inhibits MMP9 and MMP2
activity in human testicular cancer cells (23,24). Thus, it is surprising that ligand activation of
PPARβ/δ failed to attenuate TNFα-induced MMP2 or MMP9 secretion in HCT116 cells.
However, this observation may be an effect of the TNFα concentration used. Fukuyama et al.
showed that TNFα-induced MMP9 expression in RKO CRC cells is not only NF-κB dependent,
but that MMP9 expression was particularly sensitive to NF-κB activity (40). When NF-κB is
highly activated, it transiently induces transcription of its inhibitor IκBα, creating a negative
feedback loop that leads to oscillatory activation and inhibition of NF-κB (40). TNFα
concentrations greater than or equal to 2 ng/ml induce oscillatory NF-κB activity. Only at
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concentrations that create oscillatory activation of NF-κB is MMP9 expression induced in RKO
cells. This is thought to occur due to repetitive accumulation of p65 on the MMP9 promoter,
eventually summing to a level significant enough to induce MMP9 expression. Although NF-κB
oscillation and MMP9 expression is initially observed at 2 ng/ml TNFα, it is markedly enhanced
at 20 ng/ml, the same concentration TNFα used in this study. Thus, it is plausible that the high
concentration of TNFα abrogated any competing effects modulated by PPARβ/δ on MMP9
expression. Similarly, high TNFα concentrations may also be responsible for sustaining the
mesenchymal morphology despite the effect of PPARβ/δ restoring E-CADHERIN and NCADHERIN expression toward that of control cells. Although ligand activation of PPARβ/δ led
to transcriptional repression of SNAIL, it is worth noting that TNFα strongly enhances SNAIL
stability. Increased SNAIL stability may impede the beneficial effects of PPARβ/δ activation.
Recently, TNFα and SNAIL have also been linked to the acquisition of CSCs (25,41).
HCT116 and HT29 CRC cells overexpressing SNAIL gain both EMT and CSC phenotypes,
including increased chemoresistance and invasive activity (32). Further, both NANOG and
OCT4 are highly associated with EMT. Their overexpression promotes CSC phenotypes and also
promotes SNAIL expression and cell invasion (36,37). Consistent with EMT inhibition and
SNAIL transcriptional repression, both NANOG and OCT4 expression were also decreased in
response to ligand activation of PPARβ/δ. Although ligand activation of PPARβ/δ caused a
decrease in NANOG protein expression, it did not alter NANOG mRNA levels, suggesting that
PPARβ/δ may modulate post-translational control. By contrast, co-administration with GW0742
and GSK3787 increased NANOG mRNA levels. These findings are inconsistent and warrant
further investigation to clarify the mechanism by which PPARβ/δ regulates NANOG expression.
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Since both NANOG and OCT4 are reported to be transcriptionally activated by SNAIL
(41), it would not be surprising if they were transcriptionally repressed following ligand
activation of PPARβ/δ. Indeed, ligand activation and overexpression of PPARβ/δ represses
OCT4 protein and mRNA expression in testicular cancer xenografts (24). Furthermore, PPARβ/δ
has been reported to interfere with STAT3 signaling (42), which is known to induce NANOG
transcription (43). Therefore, critical investigation of NANOG and OCT4 transcriptional
regulation by PPARβ/δ should continue. Nonetheless, it is still possible that PPARβ/δ is
mediating post-translational control over NANOG. Although only speculative, PIN1 is a
particular protein of interest whose expression is associated with poorer prognosis in CRC (44).
In embryonic stem cells, PIN1 helps maintain stemness by binding to and stabilizing NANOG
(45). PIN1 has also been shown to promote NF-κB signaling by binding to the p65 subunit and
enhancing its nuclear localization (46). Thus, PIN1 mediates the functions of both NANOG and
NF-κB, which, if regulated by PPARβ/δ, may help explain the decrease in both SNAIL and
stemness factor expression. However, a more direct mechanism of SNAIL regulation is also
plausible. SNAIL repression is likely a result of the direct regulatory roles that PPARβ/δ is
known to have on NF-κB. In a number of models, ligand activation of PPARβ/δ has been shown
to inhibit NF-κB activity. PPARβ/δ activation blocks NF-κB DNA-binding, inhibits nuclear
localization of the NF-κB p65 subunit, downregulates NF-κB inflammatory target gene
expression, and inhibits an activating TNFα-induced acetylation of p65 (15,16,18,20). Some of
the mechanisms leading to NF-κB inactivation appear to be context- and tissue-specific, yet the
consistent and widespread downstream effect warrants further investigation of PPARβ/δ
activation on NF-κB activity in models similar to that presented here.

30

It is interesting to note that contrary to the results presented here, ligand activation of
PPARβ/δ was found to increase SNAIL expression in a melanoma cell line, resulting in
increased cell migration and invasion (39). Aside from tissue specific differences, it is unclear
why activation of PPARβ/δ resulted in opposite effects in this study. Nonetheless, it is clear form
this work that ligand activation of PPARβ/δ causes either beneficial effects or has no effect on
the metastatic potential of HCT116 cells. The findings presented here showing that ligand
activation of PPARβ/δ represses SNAIL, NANOG, and OCT4 expression, combined with the
observation that the lower expression of PPARβ/δ in CRC primary tumors is associated with a
less favorable prognosis and a higher rate of lymph node metastasis (22), supports the hypothesis
that PPARβ/δ possesses anti-tumorigenic properties in the colon. Further, this work supports
previous reports showing that ligand activation of PPARβ/δ does not activate AKT, but rather
suggests that it plays a competing role (9). The decrease in stemness marker expression, in
particular OCT4, is also consistent with a recent study that reported that ligand activation and
overexpression of PPARβ/δ represses OCT4 expression in testicular cancer xenografts (24).
However, in this study, ligand activation of PPARβ/δ did not influence MMP2 or MMP9 activity
despite it clearly having repressive roles in other tissues (23,24).
Nevertheless, future studies should investigate similar EMT models to more confidently
delineate the role PPARβ/δ has on the regulation of EMT mediators and on cell motility. Since
SNAIL is a target of NF-κB, and NF-κB is known to be regulated by PPARβ/δ, research in this
area sounds promising. Further, it will help elucidate the means by which NANOG and OCT4
expression is reduced, whether by transcriptional repression or alternative mechanisms. A
diagram showing postulated mechanisms is shown in Figure 13. Additionally, a search for
relationships between PIN1 and PPARβ/δ should be undertaken. These studies would bring
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clarification to the role of PPARβ/δ in colon carcinogenesis. Nonetheless, the collective results
from this study show that ligand activation of PPARβ/δ inhibits TNFα-induced EMT and
represses the expression of markers associated with stemness and cancer progression in HCT116
cells.

32

Reference
1. Peters JM, Shah YM, Gonzalez FJ. The role of peroxisome proliferator-activated receptors in
carcinogenesis and chemoprevention. Nature Reviews Cancer (2012) 181-195.
2. Peters JM, Hollingshead HE, Gonzalez FJ. Role of peroxisome-proliferator-activated
receptor β/δ (PPARβ/δ) in gastrointestinal tract function and disease. Clinical Science (2008)
115, 107-127.
3. Peters JM, Morales JL, Gonzalez FJ. Modulation of gastrointestinal inflammation and
colorectal tumorigenesis by peroxisome proliferator-activated receptor-β/δ (PPARβ/δ). Drug
Discovery Today: Disease Mechanisms (2011) DOI: 10.1016/j.ddmec.2011.11.002
4. Peters JM, Foreman JE, Gonzalez FJ. Dissecting the role of peroxisome proliferator-activated
receptor-β/δ (PPARβ/δ) in colon, breast, and lung carcinogenesis. Cancer Metastasis
Reviews (2011) 30, 619-640.
5. Peters JM, Gonzalez FJ, Müller R. Establishing the role of PPARβ/δ in carcinogenesis.
Trends in Endocrinology & Metabolism (2015) 26, 595-607.
6. He TC, Chan TA, Vogelstein B, Kinzler KW. PPARδ is and APC-regulated target of
nonsteroidal anti-inflammatory drugs. Cell (1999) 99, 335-345.
7. Yang L, Zhou ZG, Zheng XL, Wang L, Yu YY, Zhou B, Gu J, Li Y. RNA interference
against peroxisome proliferator-activated receptor δ gene promotes proliferation of human
colorectal cancer cells. Diseases of the Colon & Rectum (2008) 51, 318-328.
8. Stephen RL, Gustafsson M, Morag J, Tatoud R, Marshall BR, Knight D, Ehrenborg E, Harris
AL, Wolf CR, Palmer C. Activation of peroxisome proliferator-activated receptor δ

33

stimulates the proliferation of human breast and prostate cancer cell lines. Cancer Research
(2004) 64, 3162-3170.
9. Hollingshead HE, Killins RL, Borland MG, Girroir EE, Billin AN, Willson TM, Sharma AK,
Amin S, Gonzalez FJ, Peters JM. Peroxisome proliferator-activated receptor-β/δ (PPARβ/δ)
ligands do not potentiate growth of human cancer cell lines. Carcinogenesis (2007) 28, 26412649.
10. Yang L, Zhou J, Ma Q, Wang C, Chen K, Meng W, Yu Y, Zhou Z, Sun X. Knockdown of
PPAR δ gene promotes the growth of colon cancer and reduces the sensitivity to
bevacizumab in nude mice model. PLOS One (2013) 8, e60715.
11. Marin HE, Perza MA, Billin AN, Willson TM, Ward JM, Kennet MJ, Gonzalez FJ, Peters
JM. Ligand activation of peroxisome proliferator-activated receptor β inhibits colon
carcinogenesis. Cancer Research (2006) 66, 4394-4401.
12. Park BH, Vogelstein B, Kinzler KW. Genetic disruption of PPARδ decreases the
tumorigenicity of human colon cancer cells. PNAS (2001) 98, 2598-2603.
13. Wang D, Wang H, Guo Y, Ning W, Katkur S, Wahli W, Desvergne B, Dey SK, DuBois RN.
Crosstalk between peroxisome proliferator-activated receptor δ and VEGF stimulates cancer
progression. PNAS (2006) 103, 19069-74.
14. Coussens LM, Werb Z. Inflammation and cancer. Nature (2002) 420, 860-867.
15. Rival Y, Benéteau N, Taillandeir T, Pezet M, Dupont-passelaigue E, Patoiseau JF, Junquéro
D, Colpaert FC, Delhon A. PPARα and PPARδ actiavtors inhibit cytokine-induced nuclear
translocation of NF-κB and expression of VCAM-1 in EAhy926 endothelial cells. European
Journal of Pharmacology (2002) 435, 143-151.

34

16. Planavila A, Rodríguez-Calvo R, Jové M, Michalik L, Wahli W, Laguna JC, VázquezCarrera M. Peroxisome proliferator-activated receptor β/δ activation inhibits hypertrophy in
neonatal rat cardiomyocytes. Cardiovascular Research (2005) 65, 832-841.
17. Rodríguez-Calvo R, Serrano L, Coll T, Moullan N, Sánchez RM, Merlos M, Palomer X,
Laguna JC, Michalik L, wahli W, Vázquez-Carrera M. Activation of peroxisome
proliferator-activated receptor β/δ inhibits lipopolysaccharide-induced cytokine production in
adipocytes by lowering nuclear factor-κB activity via extracellular signal-related kinase 1/2.
Diabetes (2008) 57, 2149-2157.
18. Barroso E, Eyre E, Palomer X, Vázquez-Carrera M. The peroxisome proliferator-activated
receptor β/δ (PPARβ/δ) agonist GW501516 prevents TNF-α-induced NF-κB activation in
human HaCaT cells by reducing p65 acetylation through AMPK and SIRT1. Biochemical
Pharmocology (2011) 81, 534-543.
19. Zingarelli B, Piraino G, Hake PW, O’Connor M, Denenberg A, Fan H, Cook JA. Peroxisome
proliferator-activated receptor δ regulates inflammation via NF-κB signaling in
polymicrobial sepsis. The American Journal of Pathology (2010) 177, 1834-1847.
20. Coll T, Álvarez-Guardia D, Barroso E, Gómez-Foix AM, Palomer X, Laguna JC, VázquezCarrera M. Activation of peroxisome proliferator-activated receptor-δ by GW501516
prevents fatty acid-induced Nuclear Factor-κB activation and insulin resistance in skeletal
muscle cells. Endocrinology (2010) 151, 1560-1569.
21. Álvarez-Guardia D, Palomer X, Coll T, Serrano L, Rodríguez-Calvo R, Davidson MM,
Merlos M, Kochairi IE, Michalik L, Wahli W, Vázquez-Carrera M. PPARβ/δ activation
blocks lipid-induced inflammatory pathways in mouse heart and human cardiac cells.
Biochimica et Biophysica Acta (2011) 1811, 59-67.

35

22. Yang L, Zhang H, Zhou ZG, Yan H, Adell G, Sun XF. Biological function and prognostic
significance of peroxisome proliferator-activated receptor δ in rectal cancer. Clinical Cancer
Research (2011) 17, 3760-3770.
23. Coleman JD, Thompson JT, Smith RW, Prokopczyk B, Vanden Heuvel JP. Role of
peroxisome proliferator-activated receptor β/δ and B-cell Lymphoma-6 in regulation of genes
involved in metastasis and migration in pancreatic cancer cells. PPAR Research (2013) 2013,
121956.
24. Yao PL, Chen LP, Dobrzański TP, Phillips DA, Zhu B, Kang BH, Gonzalez FJ, Peters JM.
Inhibition of testicular embryonal carcinoma cell tumorigenicity by peroxisome proliferatoractivated receptor-β/δ- and retinoic acid receptor-dependent mechanisms. Oncotarget (2015)
6, 36319-36337.
25. Lamouille S, Xu J, Derynck R. Molecular mechanisms of epithelial-mesenchymal transition.
Nature Reviews Molecular Cell Biology (2014) 15, DOI: 10.1038/nrm3758.
26. Nisticό P, Bissell MJ, Radisky DC. Epithelial-mesenchymal transition: General principles
and pathological relevance with special emphasis on the role of matrix metalloproteinases.
Cold Spring Harbor Perspective in Biology (2012) 4, a011908.
27. Batlle E, Sancho E, Francí C, Domínguez D, Monfar M, Baulida J, García de Herreros A.
The transcription factor Snail is a repressor of E-cadherin gene expression in epithelial
tumour cells. Nature Cell Biology (2000) 2, 84-89.
28. Wu Y, Deng J, Rychahou PG, Qiu S, Mark Evers B, Zhou BP. Stabilization of Snail by NFκB is required for inflammation induced cell migration and invasion. Cancer Cell (2009) 15,
416-428.

36

29. Wang H, Wang HS, Zhou BH, Li CL, Zhang F, Wang XF, Zhang G, Bu XZ, Cai SH, Du J.
Epithelial-mesenchymal transition (EMT) induced by TNFαrequires AKT/GSK-3β-mediated
stabilization of Snail in colorectal cancer. PLOS One (2013) 8, e56664.
30. Wu Y, Zhou BP. TNF-α/NF-κB/Snail pathway in cancer cell migration and invasion. British
Journal of Cancer (2010) 102, 639-644.
31. Findlay VJ, Wang C, Watson DK, Camp ER. Epithelial-to-mesenchymal transition and the
cancer stem cell phenotype: insights from cancer biology with therapeutic implications for
colorectal cancer. Cancer Gene Therapy (2014) 21, 181-187.
32. Fan F, Samuel S, Evans KW, Lu J, Xia L, Zhou Y, Sceusi E, Tozzi F, Ye XC, Mani SA, Ellis
LM. Overexpression of Snail induces epithelial-mesenchymal transition and a cancer stem
cell-like phenotype in human colorectal cancer cells. Cancer Medicine (2012) 1, 5-16.
33. Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks M, Reinhard F, Zhang
CC, Shipitsin M, Campbell LL, Polyak K, Brisken C, Yang J, Weinberg RA. The epithelialmesenchymal transition generates cells with properties of stem cells. Cell (2008) 133, 704715.

34. Liu CW, Li CH, Peng YJ, Cheng YW, Chen HW, Liao PL, Kang JJ, Yeng MH.Snail regulates Nanog
status during the epithelial-mesenchymal transition via the Smad1/Akt/GSK-3β signaling pathway in
non-small-cell lung cancer. Oncotarget (2014) 5, 3880-3894.

35. Zhou W, Lv R, Qi W, Wu D, Xu Y, Liu W, Mou Y, Wang L. Snail contributes to the maintenance of
stem cell-like phenotype cells in human pancreatic cancer. PLOS One (2014) 9, e87409.

36. Meng HM, Zheng P, Wang XY, Liu C, Sui HM, Wu SJ, Zhou J, Ding YQ, Li JM. Overexpression of
nanog predicts tumor progression and poor prognosis in colorectal cancer. Cancer Biology & Therapy
(2009) 9, 295-302.

37

37. Yin X, Zhang BH, Zheng SS, Gao DM, Qiu SJ, Wu WZ, Ren ZG. Coexpression of gene Oct4 and
Nanog initiates stem cell characteristics in hepatocellular carcinoma and promotes epithelialmesenchymal transition through activation of Stat3/Snail signaling. Journal of Hematology &
Oncology (2015) 8, DOI: 10.1186/s13045-015-0119-3.

38. Yao PL, Morales JL, Zhu B, Kang BH, Gonzalez FJ, Peters JM. Activation of peroxisome
proliferator-activated receptor β/δ (PPARβ/δ) inhibits human breast cancer cell line tumorigenicity.
Molecular Cancer Therapeutics (2014) 13, 1008-1017.

39. Ham SA, Yoo T, Hwang JS, Kang ES, Lee WJ, Paek KS, Park C, Kim JH, Do JT, Lim DS, Seo HG.
Ligand-activated PPARδ modulates the migration and invasion of melanoma cells by regulating Snail
expression. American Journal of Cancer Research (2014) 4, 674-682.

40. Fukuyama R, Ng KP, Cicek M, Kelleher C, Niculaita R, Casey G, Sizemore N. Role of IKK and
oscillatory NFκB kinetics in MMP-9 gene expression and chemoresistance to 5-fluorouracil in RKO
colorectal cancer cells. Molecular Carcinogenesis (2007) 46, 402-413.

41. Wu Y, Zhou BP. Snail more than EMT. Cell Adhesion & Migration (2010) 4, 199-203.
42. Kino T, Rice KC, Chrousos GP. The PPARδ agonist GW501516 suppresses interleukin-6mediated hepatocyte acute phase reaction via STAT3 inhibition. European Journal of Clinical
Investigation (2007) 37, 425-433.
43. Liu A, Yu X, Liu S. Pluripotency transcription factors and cancer stem cells: small genes
make a big difference. Chinese Journal of Cancer (2013) 32, 483-487.
44. Kuramochi J, Arai T, Ikeda S, Kumagai J, Uetake H, Sugihara K. High Pin1 expression is
associated with tumor progression in colorectal cancer. Journal of Surgical Oncology (2006)
94, 155-160.
45. Moretto-Zita M, Jin H, Shen Z, Zhao T, Briggs SP, Xu Y. Phosphorylation stabilizes Nanog
by promoting its interaction with Pin1. PNAS (2010) 30, 13312-17.

38

46. Ryo A, Suizu F, Yoshida Y, Perrem K, Liou YC, Wulf G, Rottapel R, Yamaoka S, Lu KP.
Regulation of NF-κB signaling by Pin1-dependent Prolyl isomerization and Ubiquitinmediated proteolysis of p65/RelA (2003) 12, 1413-26.

39

ACADEMIC VITA
KEVIN CONSEVAGE
kconsevage@gmail.com

EDUCATION

RESEARCH AND
EMPLOYMENT

SELECTED LAB
SKILLS

The Pennsylvania State University
Biochemistry and Molecular Biology, BS

University Park, PA
Graduation: May, 2016

Temple University
Major: Kinesiology, BS

Philadelphia, PA
Aug, 2011-May, 2013

The Peters Research Group, Center for
Molecular Toxicology and
Carcinogenesis
Independent Undergraduate Researcher

University Park, PA
May, 2014-present

Penn State Hershey Medical Center,
Public Health Sciences Department
Research Assistant Intern

Hershey, PA
Summer, 2013

United States Army Cadet Command
Cadet

Fort Knox, KY
Aug, 2011-Aug, 2012

Cell culture, DNA and RNA extraction, miniprep, Real Time qPCR,
protein isolation and purification, western blot analysis

OTHER ACTIVITIES Dinner with Friends Community
Outreach
AND SKILLS
Humanitarian Mission in Republic of
Georgia

January 2016-present

Summer, 2012

Intermediate Proficiency in Italian

HONORS AND
AWARDS

 The Evan Pugh Scholar Senior Award
 Ronald Venezie Scholarship in Science for
Honors Education
 Kevin Daniel Gilmore Memorial Scholarship
 Schreyer Honors College Scholar
 Temple University Academic Scholarship
 Army ROTC Superior Cadet
 Army ROTC National Scholarship

2016
2015-2016
2014-2016
2014-present
2011-2013
2011-2012
2011-2012

