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Abstract

Metastatic castration-resistant prostate cancer (MCRPC) accounts for a high percentage of prostate
cancer mortality. The proprietary compound galeterone (gal) was designed to inhibit proliferation
of androgen/androgen receptor (AR)-dependent prostate cancer cell /n vitroand in vivo and is
currently in phase 11 clinical development. Additionally, clinical studies with gal revealed its
superb efficacy in four different cohorts of patients with mCRPC, including those expressing
splice variant AR-V7. Preclinical studies with gal show that it also exhibits strong anti-
proliferative activities against AR-negative prostate cancer cells and tumors through a mechanism
involving phosphorylation of elF2a, which forms an integral component of the eukaryotic mRNA
translation complex. Thus, we hypothesized that gal and its new analog, VNPT55, could modulate
oncogenic mRNA translation and prostate cancer cell migration and invasion.

We report that gal and VNPT55 profoundly inhibit migration and invasion of prostate cancer cells,
possibly by downregulating protein expression of several EMT markers (Snail, Slug, N-Cadherin,
Vimentin and MMP-2/-9) via antagonizing the Mnk-elF4E axis. In addition, gal/VVNPT55
inhibited both NF-xB and Twist1 transcriptional activities, downregulating Snail and BMI-1
mRNA expression, respectively. Furthermore, profound up-regulation of E-cadherin mRNA and

“Corresponding author: Dr. Vincent C.O. Njar, Department of Pharmacology, University of Maryland School of Medicine, 685 West
Baltimore Street, HSF1, Suite 580E, Baltimore, MD 21201, USA. Tel: (410) 706 6364; Fax: (410) 706 0032;

ynjar@som.umaryland.edu.
#present Address: School of Medical Diagnostic and Translational Sciences, College of Health Sciences, Old Dominion University,

Health Sciences Building Room 3108, Norfolk, VA 23529.

Author contributions

This study was designed by VCON, AKKA and RDB. Experiments were performed by AKKA, RDB, PP and FM, while data analyses
were performed by VCON, AKKA, RDB, PP and FM. Project supervision was performed by VCON. The manuscript was written by
AKKA and VCON with the help of all the authors.

Conflict of interest

Vincent C. O. Njar is the lead inventor of Galeterone (Gal or TOK-001) and VNPT55, patents and technologies thereof owned by the
University of Maryland, Baltimore, and licensed to Tokai Pharmaceuticals, Inc. Puranik Purushottamachar and Andrew K. Kwegyir-
Afful are co-inventors of VNPTS55 and related compounds. A patent application to protect VNPT55 and related novel compounds has
been filed. The other authors declare no potential conflict of interest.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kwegyir-Afful et al. Page 2

protein expression may explain the observed significant inhibition of prostate cancer cell migration
and invasion. Moreover, expression of self-renewal proteins, B-Catenin, CD44 and Nanog, were
markedly depleted. Analysis of gal/\VNPT55-treated CWR22Rv1 xenograft tissue sections also
revealed that observations /in vitro were recapitulated /n vivo.

Our results suggest that gal/VVNPT55 could become promising agents for the prevention or
treatment of all stages of prostate cancer.
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Introduction

Therapy for late-stage prostate cancer (PC) remains very limited and few drugs have shown
modest overall survival in patients with metastatic castration-resistant prostate cancer
(mCRPC) [1]. PC mortality most frequently results from the metastatic disease which makes
it important to design and develop inhibitors to target oncogenes involved in cellular
migration and invasion. Epithelial to mesenchymal transition (EMT), a critical process in
metastasizing cells [2] is known to be modulated, in part, by the transcriptional activities of
NF-xB [3] and the cap-dependent translational complex, mitogen-activated protein kinase
(MAPK) kinase interacting kinase1/2 (Mnk1/2)-eukaryotic initiation factor 4E (elF4E) axis
[4, 5].

Substantial studies have revealed the significance of elF4E phosphorylation (pelF4E) in the
progression and metastasis of several cancers including, PC [6]. Interestingly, both the
P13k/Akt/mTOR and Ras/MAPK pathways converge on Mnk1/2-elF4E axis [7, 8].
Phosphorylation of elFAE is implicated in EMT and translation of MMP-3 and Snail [9].
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Although Mnk-elF4E axis is reported to be dispensable for normal cell growth and
development [10], its role in cancer cell transformation is however very critical [6, 11, 12].

Studies have shown that EMT factors (Snail, Slug, Twistl and Zeb1/2), can repress the
expression of E-cadherin in conjunction with histone deactelyase [13]. BMI-1 (B-cell-
specific Moloney murine leukemia virus integration site 1), a putative stem cell factor, is
reported to be activated by Twistl [14]. Several studies have also implicated Twistl in N-
Cadherin and matrix metalloproteinases (MMPs) activation [15, 16]. In a recent study,
BMI-1 overexpression was shown to increase expression of Nanog and also enhanced
activation of NF-xB thereby increasing stemness and drug resistance [17].

Preclinical and clinical studies suggest that gal possess strong anti-tumor properties against
AR-V expressing CRPC models [18] and in men with CRPC [19]. Our previous report on
the modulatory effects of gal on endoplasmic reticulum stress response (ERSR) and elF2a
phosphorylation [20] suggests an additional inhibitory activity on translation of mRNAs.

In this study, we observed remarkable gal/VVNPT55-induced depletion of Mnk1/2 protein
expression which resulted in the suppression of elF4E phosphorylation. Gal/VVNPT55
treatment also resulted in downregulation of several EMT (N-Cadherin, MMPs, Snail and
Slug) and putative stem cell factors (B-Catenin, CD44, Nanog, and BMI-1). Knocking down
Mnk1 with siRNA showed that gal/\VVNPT55 mirrored the effects of inhibiting the translation
machinery. We also observed a decrease in NF-xB(p65) phosphorylation (p-p65) and RhoA
protein expression, implicated in cell migration/invasion and disease progression.
Furthermore, both gal and VNPT55 inhibited Twist1 activation of BMI-1 jn vitro. We also
observed a significant inhibition in PC cell migration and invasion /n vitro. Several of these
effects were recapitulated /n7 vivo.

Galeterone/VNPTS55 inhibit multiple pathways in PC models

Previous studies in PC-3 cells revealed that gal upregulated ERSR genes (CHOP and
pelF2a) [20], which are also known to influence protein translation. Following these
observations, we evaluated the impact of gal on established PC-3 xenografts. Interestingly,
although gal did not prevent tumor formation (Figure 1a), it caused significant inhibition of
tumor volumes (Figure 1b) and tumor weights (Figure 1c). The efficacy of gal against PC-3
xenografts in addition to its effects on AR signaling (reviewed in[21]) highlight the multi-
target anti-PC activities of gal.

Gal’s effects on ERSR genes in PC-3 cells were recapitulated in AR positive cells (LNCaP
and CWR22Rv1) /n vitro (Figure 1d). However, analysis of pelF2a and BIP expression in
AR-positive LAPC4 xenografts [22] revealed no significant difference between vehicle and
gal treated groups (Figure 1e). In contrast, cyclin D1 protein expression was significantly
down-regulated /n vivo (Figure 1e). Since cyclin D1 expression is known to be tightly
regulated by the Mnk1/2-elF4E translation complex [23, 24], this, in addition to the
significance of elF2a in protein translation prompted the hypothesis that gal possibly
impacts protein translation, negatively.
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To assess the impact/significance of Mnk 1/2 inhibition in PC cells, we compared the anti-
proliferative activities of CGP-57380 (Mnk kinase inhibitor) and gal in DU145, PC-3 and
CWR22Rv1 cells. Although, cercosporamide inhibits Mnk1/2 with superior activity
compared to CGP-57380, it also inhibits a number of kinases (Pim1, GSK3p, ALK4 and
Jak3)[25], hence making it unsuitable for selective inhibition of Mnk1/2 as a comparison.
Figure 1f shows that whereas the Glsg values of gal and CGP-57380 are comparable, CGP’s
efficacy was significantly impaired in PC-3 cells. A study by Bianchini and colleagues
reported that PC-3 cells expressed significantly lower levels of pelF4e than DU145 [26], and
this could be the reason for CGP’s mediocre efficacy in PC-3 cells.

In response to a suggestion from an astute reviewer, we assessed whether gal/\VNPT55s
modulatory effects on both AR and Mnk1/2-elFAE were partly responsible for their anti-
cancer activities. We transfected CWR22Rv1 cells with AR and/or Mnk1 siRNA (Figure
2a), and further analyzed cell viability at 72 h post-treatment with gal/VVNPT55. Figure 2b
shows that in the absence of AR and/or Mnk1, the Glgg values of gal/VVNPT55 were
significantly higher in comparison to treated/un-transfected cells. Furthermore, we also
transfected CWR22Rv1 cells with Mnk1 and elFAE plasmids (Figure 2c, left and right
panels) [27, 28] and consequently treated them with gal and VNPT55. Interestingly, we
observed that overexpressing Mnk1 and/or elF4E caused an increased expression of markers
(MMP-9, Cox-2, Cyclin D1, Slug) known to be regulated by the cap-dependent translation
machinery (Figure 2c) and also enhanced the activities of gal and VNPT55, markedly
reducing their Glsg values (Figure 2d). This suggests that by silencing AR and/or Mnk1, we
eliminated the significant targets of gal/\VNPT55, thus minimizing their full impact on cell
viability.

We also evaluated the impact of combining CGP-57380 and gal on PC cell proliferation.
Using the calcusyn software, combination indices (CI), in both CWR22Rv1 and DU145 (CI
values at ED50 = 10.32393 and 1.58119, respectively) showed antagonistic interaction
(Figure 2e). Suggesting that combining Mnk kinase inhibitors with gal may not result in an
increased anti-cancer activity. Complementary colony formation studies were also
conducted, treating cells with gal, VNPT55, or CGP-57380 and their combinations at ratios
of their Glsg values (Figure 2f). This confirmed what was observed in cell viability assays,
indicating that Mnk inhibitors may not improve the efficacy of gal/analogs. Although the
reasons for these antagonistic interaction [29] needs further in-depth studies, the activity of
each agent is not enhanced by the combination.

Galeterone/VNPT55 suppress phosphorylated elF4E by depleting Mnk1

EIF4E plays a critical role in activating oncogenes implicated in cancer cell survival,
proliferation and metastasis [30]. We analyzed expression of pelF4E in LNCaP, CWR22Rv1
and PC-3 cells (Figure 3a—c) post 24 h gal/\VNPT55 treatments. Indeed, gal and VNPT55
decreased Mnk1/2 protein expression and markedly downregulated pelF4E. Cell viability
assays in Figure 1f (right table), showed that CGP-57380, exhibited mediocre activity with a
high Glsg value in PC-3 cells, however, at 5 and 10 pM, CGP-57380 inhibited
phosphorylation of elF4E (Figure 3d). Although gal/\VVNPT55 do not completely inhibit
phosphorylation of elF4E, the decrease evidently is significantly below the threshold which
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results in inhibition of translation of oncogenic mRNAs, in agreement with a recent
published study [31]. Protein expression analysis of Mnk1/2 in CWR22Rv1 cells
demonstrates a dose-dependent effect (Figure 3e). Inhibiting protein translation with
cycloheximide with or without gal, shows that gal in combination with cycloheximide
enhances the depletion of Mnk1, markedly reducing the half-life of Mnk1 protein expression
(Figure 3f, left and right panel). Interestingly Mnk1 depletion by gal was significantly
inhibited by MG132 (proteasomal inhibitor), in LNCaP and CWR22Rv1 cells (Figure 3g),
implicating the proteasome in gal-induced Mnk1 depletion, similar to our previous report for
other agents [32]. We next examined whether ubiquitination preceded gal-induced Mnk1
degradation. Indeed, gal enhanced Mnk1 ubiquitination prior to its degradation (Figure 3h).
As expected, the downstream targets of Mnk1-elF4E (Cox-2, Mcl-1 and Cyclin D1) were
also markedly suppressed in LNCaP cells (Figure 3i). Additionally, mRNA analysis of gal/
VNPTS55 treated PC-3, DU145 and CWR22Rv1 cells (Figure 3j) showed that gal/VNPT55
(5 and 10 uM) significantly decreased Mnk1 mRNA, suggesting a potential effect on
transcription factors implicated in Mnk1 gene activation such as SP1[33], ATF (a cCAMP-
response element also present upstream of the 5" start site) [34], AP-1[35] and CTF/NF-1
[36].

Galeterone/VNPT55 modulate EMT factors in PC cells

Based on the effects seen on Mnk1/2-elF4E axis, we hypothesized that gal/\VNPT55 may
inhibit migration and invasion of PC cells, by downregulating EMT factors. The Mnk-elF4E
axis plays a pivotal role in the expression of mesenchymal markers such as N-cadherin,
MMPs and Snail [4, 37, 38]. Thus, we first examined the effects of gal/\VNPT55 (5 and 10
uM) on N-Cadherin protein expression in PC-3 and DU145 cells. As shown in Figure 4a, the
compounds significantly decreased N-Cadherin protein levels and increased expression of
epithelial marker, tight junction protein zona occludens protein, ZO-1 in PC-3 cells.
However, effects on N-Cadherin in DU145 were not as significant as observed in PC-3 cells.
We also determined whether gal/\VVNPT55 had any effect on E-cadherin expression levels
using fluorescence microscopy. Interestingly, both gal and VNPT55 caused strong up-
regulation of E-Cadherin in PC-3 and DU145 cells (Figure 4b), suggesting a reversal in
mesenchymal characteristics to a more epithelial non-invasive state.

Dysregulation of MMPs play a critical role in carcinogenesis, tumor invasion and tissue
remodeling [39-41]. As shown in Figure 4c, MMP-2 was strongly down-regulated in
CWR22Rv1 cells and both MMP-2/-9 were also markedly downregulated in PC-3 and
DU145 cells. Media from PC cells incubated with compounds for 36 h (LNCaP) and 72 h
(PC-3 and DU145) were analyzed for MMP collagenase activity. Media from LNCaP
(Figure 4d), PC-3 and DU145 (Figure 4e and f) cultures show a significant down-regulation
of secreted active MMPs.

Galeterone/VNPT55 inhibit migration and invasion of PC cells

We also determined whether gal/\VVNPT55-induced depletion of EMT markers also
subsequently caused inhibition of PC cell migration and invasion. Prior to conducting these
assays, we evaluated cell viability with gal/\VNPT55 (1-10 uM), at 24 h, to show that doses
used did not compromise cell integrity and also that cell number did not increase
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significantly (Figure 5a). PC-3 and DU145 cells grown to a monolayer and scratched with
200 pl pipette tip, were subsequently treated with gal/\VVNPT55 (5 uM) over 12 h. Compared
to controls gal/\VNPT55 significantly inhibited migration of both PC-3 and DU145 cells
(Figure 5b and c).

Boyden inserts pre-coated with basement membrane extract (BME) were utilized in invasion
assays. 0.75 x 10° PC-3, DU145 and CWR22Rv1 cells were seeded in the upper chamber in
phenol red-free RPMI (schematic in Figure 5e) and treated with gal, VNPT55 or
CGP-57380. Invading cells after 24 h were stained with 0.5% crystal violet solution (Figure
5d) and quantified by counting cells at the bottom part of the insert, represented in the graph
(Figure 5f). Gal, VNPT55 and CGP-57380 significantly inhibited invasion (>95% for gal/
VNPT55 vs 35-50% for CGP-57380) of PC cells compared to dimethyl sulfoxide (DMSO)
treated controls.

Epidermal growth factor (EGF) family ligands are implicated in cell motility and tumor
invasion [42, 43]. The mTORC2-NF-xB pathway, promoting chemoresistance is reported to
be activated by epidermal growth factor receptor (EGFR) [44]. Studies have shown that
MAPK inhibitor (U0126) retards cell migration and invasion [45]. We evaluated the ability
of gal, U0126 and CGP-57380 to inhibit PC cell migration in the presence of EGF (10 ng/
ml). We observed that both U0126 and CGP inhibited migration of PC-3 cells (Figure 5g-h).
However, in the presence of EGF, only gal and CGP significantly inhibited cell migration.
Interestingly, U0126 did not inhibit cell migration in the presence of EGF; probably because
the concentration used in the assay (5 M) was not high enough to overcome the EGF-
induced activity. Analysis of MMP-9 collagenase activity in PC-3 cells revealed that gal’s
ability to decrease MMP-9 activity was not diminished in the presence of EGF (Figure 5i).

Galeterone/VNPT55 antagonize the NF-xB signaling pathway and Twistl transcriptional

activity

The NF-xB pathway has been implicated in cell proliferation, tumor metastasis,
angiogenesis, cell survival [46, 47] and induction of drug resistance. Considering the effects
observed on downstream targets of NF-xB signaling, we analyzed effects of gal/\VNPT55 on
p-p65 and its transcriptional activities. We evaluated expression of p-p65, immunoblot
analysis (Figure 6a) revealed a decrease of p-p65 in both PC-3 and DU145 cells. To
delineate whether gal/VVNPT55 suppression of PC cell migration and invasion resulted from
a combined inhibition of both NF-xB and Mnk/elF4E axis, we analyzed mRNA levels of
NF-xB target genes, Snail, Twistl, MMP-9 and E-Cadherin. Interestingly, Snail and MMP-9
mMRNA expression were significantly down-regulated with a significant increase in E-
Cadherin mRNA (Figure 6b). In contrast, Twistl mMRNA was not significantly affected by
gal/VVNPT55 (Figure 6b).

Immunoblot analysis on Snail, Slug, Twist1, Vimentin and VEGF, showed that both gal and
VNPT55 significantly depleted protein expression of Snail, Slug, Vimentin and VEGF in
both PC-3 and DU145 cells (Figure 6¢). However, similar to no observable effects on Twistl
MRNA, Twistl protein expression was unchanged post-treatment with gal and VNPT55
(Figure 6¢). Interestingly, gal/VNPT55 significantly depleted RhoA (Figure 6c), which is
involved in cell motility and migration [48-50]. We also evaluated whether decreases in p-
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p65 prevented p65 nuclear accumulation after gal/VVNPT55 treatment. Fractionation of PC-3
and DU145 cells after 24 h incubation with gal/VVNPT55 at 10 uM, revealed that p-p65 was
significantly decreased in the nuclear compartment, in contrast to no observed change in
total p65 (Figure 6d—€). Published work has shown that p65 phosphorylation can occur in
the nuclear compartment after translocation [51], possibly gal/VVNPT55 effects on p65
phosphorylation occurs in the nuclear compartment. We also observed that Twist1 nuclear
translocation was almost completely inhibited (Figure 6d—e). To confirm inhibition of
nuclear translocation of Twist1, we stained PC-3 cells with Twist 1 antibody following pre-
treatment with 10 ng/ml of TNF-a with or without gal/\VNPT55. Our results show that, gal/
VNPTS55 inhibit Twistl nuclear translocation (Figure 6f).

We next determined whether decrease in nuclear p-p65 had any consequence on its
transcriptional activities, however, it is also important to note that p65-p50 heterodimers that
are not phosphorylated on the p65 subunit enhance gene transcription, albeit weakly [52].
Primers spanning the NF-xB consensus binding sequence in Snail promoter region (Figure
Ta, upper schematic) were used to amplify cDNA in a chromatin immunoprecipitation
(ChlIP) assay, immunoprecipitating with NF-xB (p65) antibody. Our data showed that
indeed, gal and VNPTS55 strongly decreased p65 binding to Snail promoter region (Figure
Ta, bottom chart), which may be responsible for the observed decrease in Snail mMRNA. We
also investigated the transcriptional activities of Twist1 inhibition, on BMI-1 promoter
enrichment. QRT-PCR analysis revealed a significant decrease in BMI-1 mRNA in PC-3,
DU145 and CWR22Rv1 cells (Figure 7b). ChIP assays showed that Twistl binding to
BMI-1 promoter (Figure 7c) was several folds decreased after gal/\VNPT55 treatment
(Figure 7d and e, DU145 and CWRZ2RVv1, respectively). These observations might explain
the decrease in BMI-1 and increase in E-Cadherin mRNA levels.

Galeterone/VNPT55 depletes stem cell factors and mirrors effects of inhibiting Mnk-elF4E

axis

Since cancer cells undergoing EMT express self-renewal characteristics [53], we evaluated
the effects of gal/\VNPT55 on putative stem cell factors in two PC cell lines. PC-3 and
DU145 cells treated with 10 pM of gal/\VNPT55 down-regulated protein expression of
Nanog, CD44, B-catenin and BMI-1 (Figure 8a). EZH2, a member of the PRC2, binds to
promoters of target genes and methylates lysine 27 of histone H3 (H3K27) [54, 55],
methylated H3K27 is recognized by PRC1 (eg. BMI-1) [56], both bind promoter regions of
target genes to maintain their suppression. Treatments with gal/\VNPT55 significantly
decreased expression of EZH2 in PC-3 and DU145 cells (Figure 8a). C-Myc, an oncogene
implicated in cell proliferation was also strongly downregulated in both PC-3 and DU145
cells.

Clonogenic assays to determine the abilities of gal/\VNPT55 and CGP (0.5 — 10 uM) to
inhibit colony formation (CFU), showed a significant decrease in CFU, further emphasizing
their activities on multiple oncogenes. Our data show that, gal/\VNPT55 (1 and 2.5 uM)
exhibited similar effects as CGP (10 uM) in reducing CFU (Figure 8b and c).

We analyzed whether effects seen on Mnk1/2 may be as a result of gal/VVNPT55-induced AR
depletion. Thus, we knocked down AR and analyzed MnkZ1/2 protein and vice versa. We
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observed in this study that, depletion of either AR or Mnk1 (with siRNA), had no effect on
either targets in both LNCaP and CWR22Rv1 cells (Figure 9a and b, /eft and right panels).

To show that gal/\VVNPT55’s effects on Mnk1/2-elF4E axis resulted in the depletion of
multiple oncogenes as observed in this study, we transiently transfected PC-3 and DU145
cells with Mnk1 siRNA. Factors implicated in self-renewal (B-Catenin, EZH2, BMI-1 and
Nanog) were down-regulated in PC-3 and DU145 cells (Figure 9c—d). We also analyzed
EMT factors (N-Cadherin, MMP-2/-9, Snail, Slug and Twist1); all but Twist1 protein
expression were significantly depleted (Figure 9c—d). Previous studies have shown that
decreasing pelF4E resulted in a concomitant decrease in MMP-2/-9, Snail, VEGF and B-
Catenin protein expression [57]. In summary, these studies clearly show that the effects of
silencing Mnk1 (i.e. protein translation) mirrors the effects of gal and VNPT55 in PC cells.

Gal and VNPT55 down-regulate expression of Mnk1/2 and BMI-1 in vivo

Effects seen /n vitro are not necessarily observed /n vivo, as seen with ERSR markers in our
study with LAPC4 xenografts (Figure 1e). It was important to determine whether gal/
VNPT55-induced effects on the translation machinery would be observed both /n vitro and
in vivo. Tumor sections from CWR22Rv1 xenografts, from our recent studies [58], were
stained for Mnk1/2, pelF4E, Slug and BMI-1 expression. Representative tumors from gal/
VNPTS55 treated groups were minced, lysed and used for immunoblot analysis. Gratifyingly,
we observed that with the exception of p-Catenin (in gal treated tumors), Mnk1/2, BMI-1
and Oct-4 were markedly down-regulated /7 vivo in both treated groups compared to vehicle
treated controls (Figure 10a—c). Staining of paraffinized sections also confirmed
observations from western blot analysis (Figure 10d). Most importantly, both BMI-1 and
Slug which are targets of Twist1 were significantly downregulated /77 vivo (Figure 10g).

Discussion

Multiple pathways and oncogenes are implicated in cancer disease progression, and the great
majority of mortality from PC is due to the metastatic disease rather than from the localized
disease [59, 60]. The presence of putative cancer stem cells that possess self-renewability
and tumor initiating ability enhance resistance to therapeutic agents [61]. This stemness has
been implicated with EMT [14]. Activity of BMI-1 has also been implicated in docetaxel
resistance in PC [62] and studies have shown that by silencing BMI-1, resistant cells were
sensitized to docetaxel therapy. Another axis that increases resistance is the protein kinase ¢/
Twist1 axis which has been reported to be involved in enzalutamide resistance and CRPC
[63].

The main objective of this study was to evaluate the efficacy of gal and its analog on
pathways involved in PC metastasis, which are also implicated in drug resistance. Here, we
report for the first time the inhibitory effects of gal and VNPT55 on Mnk1/2 expression with
concomitant decrease in pelFAE. EIFAE activation is reportedly elevated in human PC [64],
this promotes tumorigenesis [6] and also enhances EMT [4]. Down-regulation of pelF4E
results in a concomitant downregulation of several oncogenic transcription factors
implicated in cell invasion, proliferation and resistance, as was observed in this study by
silencing Mnk1.
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B-Catenin is normally sequestered by E-cadherin, however in metastatic cells, the loss of E-
cadherin releases p-Catenin which then forms a complex with T-cell factor/lymphoid
enhancer factor (TCF/LEF) to activate the transcription of genes including Snail [65, 66] and
VEGF [67]. Our data led us to suggest that gal/\VNPT55 may potentially reverse EMT via
down-regulation of N-cadherin expression with concomitant increase in E-cadherin.

In addition to effects on the translation machinery, gal and VNPT55 showed inhibitory
effects on the NF-xB pathway. The agents also exhibited differential modulation of NF-xB
and NF-xB downstream targets. Interestingly, we observed that NF-xB modulation was
significantly restricted to the nuclear compartment, which suggests a novel unexplored
mechanism of gal/\VNPT55-induced NF-xB regulation. Perhaps most significantly, is the
inhibition of Twistl nuclear translocation. Inhibitory effects on Twistl may have a high
clinical impact, as Twistl is involved in EMT, drug resistance and stem cell renewal. Stem
cell factors like CD44 have been implicated in tumorigenicity, cell motility and bone
metastases [68, 69], and inhibiting these factors may prove to have favorable clinical
implications. Since BMI-1 is upregulated in CRPC and implicated in metastases (MCRPC),
its inhibition will greatly impact efficacy of gal and its analogs in PC therapy.

Another important observation was the fact that effects of gal/\VNPT55 observed /n vitro
were recapitulated in vivo. These observations, in addition to their superb toxicity profiles in
the laboratory [18] and clinic [19], suggest that, gal and VNPT55 would have significant
impact in the clinic. Gal/VNPT55’s effects on multiple signaling pathways based on our /n
vitroand in vivo results are summarized in Figure 10f.

In summary, our study demonstrates that gal/\VNPT55, target oncogenic protein translation,
via Mnk1/2 degradation. These two agents markedly attenuate EMT, stem cell
characteristics and PC cell migration and invasion. As a consequence of these multiple
desirable anti-cancer activities, gal/\VNPT55 could become promising agents for the
prevention of CRPC and treatment of both early- and late-stage PC. In addition, these agents
may be valuable for tackling PC metastasis, a major contributor of PC-associated patient
mortality.

Material and Methods

Cell Culture, reagents and immunoblot analysis

Human PC cells lines CWR22Rv1, LNCaP, PC-3 and DU145 PC cells were maintained in
RPMI supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin.
Gal/VNPT55 were synthesized in our laboratory [70] and dissolved in DMSO. Cell culture
reagents (FBS, RPMI, and DMEM) were from Invitrogen (Carlsbad, California, USA).
U0126, p-actin, Gapdh, Mnk1/2, elF4E, pelF4E, N-Cadherin, E-Cadherin, Snail, Slug,
MMP-2/-9, BMI-1 anti-mouse and anti-rabbit horseradish peroxide (HRP) were purchased
from cell signaling (Danvers, Massachusetts, USA). CGP-57380 was purchased from Sigma
Aldrich (St. Louis, Missouri, USA). Twist1 polyclonal, EZH2, RhoA, Oct-4 and Nanog
antibodies were from Santa Cruz (Dallas, Texas, USA) and the mouse monoclonal antibody
from Abcam. g-Catenin, CD44 and VEGF were from BIOSS (Woburn, Massachusetts,
USA).
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Treated cells were lysed with radioimmunoprecipitation assay (RIPA) buffer (Sigma),
supplemented with protease inhibitors (Roche, Indianapolis, Indiana, USA), 1 mM EDTA
and 1 mM PMSF (Sigma). Western blotting was done as previously described [58].

Cell viability assays (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT),
colorimetric assay)

MTT assays were performed as described in our previous publications [70]. Briefly, 2500
cells were seeded in 96 well plates overnight. Cells were then treated with indicated
concentrations.

Ubiquitination assay

LNCaP treated with gal (20 uM) for 16 h and MG132 (5 uM) for an additional 8 h and lysed
with RIPA buffer. 0.5 mg of total cell lysates were pre-cleared with 20 pl of protein A/G
sepharose beads (Santa Cruz), and used in immunoprecipitation assays. Polyclonal Mnk1/2
antibodies were used at 1ug to 500 ug total cell lysate.

SiRNA and plasmid transfection

PC-3, DU145, LNCaP and CWR22Rv1 cells were transfected with 25 or 50 nM Mnk1 or
AR siRNA (Invitrogen) for 72 h. Scrambled siRNA were transfected as controls. Briefly, 20
ul of lipofectamine RNAIMAX (Invitrogen) reagent was incubated with 25 or 50 nM of
SiRNA in 1 ml of OPTI-MEM media for 15 minutes at room temperature (r.t). 100 mm
plates were subsequently coated with sSiRNA complexes for an additional 15 minutes. 3 ml
of cell suspended in DMEM media without pen/strep were added to plates for 16 h; RNAI
complexes were washed off and replaced with regular media. 1 and 2 pg of Mnk1 and HA
tagged elF4E plasmids were transfected into CWR22Rv1 cells, using the Qiagen Effectene
transfection kit following manufacturers protocol. 16 h post-transfection, cells were
trypsinized, counted and plated in 96-well plates at 2500 cells/well for MTT cell viability
assay.

RNA isolation and real-time polymerase chain reaction analysis

Cells were seeded in 6-well plates at 0.3 x 106 cells per well and treated with compounds for
24 h. RNA was isolated with the Qiagen (Valencia, California, USA) RNeasy reagents
following manufacturer’s protocol. 1800 ng of RNA were reverse transcribed into cDNA
using Qiagen cDNA conversion kit. Relative mRNA levels of Mnk1 (forward:

5’ GAGAAGCCAGCCGAGTGGT-3" and reverse: 5'-
TGCCTTTGGTATGCAGGAAGT-3", MMP-9, and BMI-1 (forward: 5’-
AAATGCTGGAGAACTGGAAAG-3" and reverse: 5" -CTGTGGATGAGGAGACTGC-3")
were quantified with the comparative AAC; using 18S as internal control. Primers for E-
cadherin, Twistl, and Snail were as reported in Schech and colleagues [71].

Zymogram Assay

Culture media from LNCaP, PC-3 and DU145 after 72 h treatment was collected and
concentrated with 0.5 ml amicon ultra centrifugal columns (Millipore, Bedford, MA).
Samples were quantified and 50 ug of conditioned media electrophoresed on a 10% SDS-
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polyacrylamide gel containing 0.1% gelatin. Gels were briefly washed with de-ionized water
and renatured in 1X renaturing buffer for 20 minutes (2X), on a rocker at r.t. Gels were
developed in 1X developing buffer for 48 h and stained with page blue and de-stained with
de-staining solution (50% methanol, 10% acetic acid and 40% water). Bands representing
MMP-2 and MMP-9 were scanned and quantified.

Cell motility (scratch-wound-healing) assay

5 x 10° PC-3 and DU145 cells were seeded per well 24-well plates over 24 h to form a
uniform monolayer and maintained in serum-free media for 12 h. Cells were scratched with
a 200 pl pipette tip and images taken at 0 h. Treated Cells were incubated at 37 °C for 12 h.
Images were taken using the Zeiss microscope.

Invasion assay

Pre-coated Trans-well inserts, 8-um pore size, (Trevigen) were incubated at 37°C for 2 h.
0.75 x 10* cells were seeded in the top chamber in serum-free media with or without
compounds. Bottom chamber was filled with 1 ml of RPMI with 10% FBS. Experimental
set-up was placed in a 37 °C incubator for 24 h. Cells at the top chamber of inserts were
scraped off with cotton swabs and migrated cells at the bottom were fixed with ice cold
methanol and stained in 0.05% crystal violet.

Colony formation assay

0.5 x 108 cells per well were seeded in a 6-well plates and allowed to attach overnight (16h),
cells were treated with compounds in RPMI with 10% FBS at the indicated concentrations
and replaced every 3" day for 14 days. Colonies were washed and stained with 0.05%
crystal violet for 30 minutes. Colonies were scanned and quantified with ImageJ colony
counter. Results are represented as the mean of triplicates.

Nuclear/cytosol fractionation

Fractionation was performed with the active motif nuclear/cytosol kit, following
manufacturer’s protocol. Treated cells were washed once with 1X dPBS supplemented with
phosphatase inhibitors and scraped into Eppendorf tubes. Cells were pelleted in a swing
bucket centrifuge at 500 rpm for 5 minutes and resuspended in 250 pl of hypotonic buffer,
incubated on ice for 10 minutes. 25 pl of detergent was added and vortex briefly for 10
seconds. Nuclear was pelleted in a table top micro-centrifuge at 10k rpm for 30 seconds.
Supernatant was stored as cytosol fraction and nuclear pellet washed 2X with 1X hypotonic
buffer. Pellet was lysed for 30 minutes in 50 pl of complete cell extraction buffer and
sonicated twice for 10 seconds. Nuclear debris was pelleted in a cold micro-centrifuge for 20
minutes at 13300 rpm.

Immunofluorescence staining

PC-3 and DU145 cells were seeded and grown to 70% confluence in an 8-chamber slide.
Cells were then treated with gal and VNPT55 at 5 and 10 uM in regular media for 24 h. E-
Cadherin, Twistl antibodies were diluted in 2.5% BSA in PBS at 1:1000 and 1:500
respectively. Immunostaining was performed as previously reported [70].
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Chromatin immunoprecipitation

Treated cells were cross-linked with 1% formaldehyde at r.t. for 30 minutes and neutralized
with glycine (125 nM) for 5 minutes. Washed cells were resuspended in FA lysis buffer.
Samples were sonicated 10 sec. for 10 X, clarified and incubated with 5 pug of NF-xB (p65)
or 5 g of Twistl antibody to 200 ug of quantified lysate and 30 pl of agarose A/G beads for
14 h at 4 °C. Control samples were incubated with 5 ug of normal rabbit immunoglobulin G
(1gG) and/or beads alone as negative controls. Complexes were washed 3X with wash buffer
and eluted. The giaquick polymerase chain reaction (PCR) purification kit was used in
purifying products resulting from immunoprecipitation. Real-time PCR analysis was
conducted on resulting purified DNA. Human BMI-1 promoter primers: forward: 5'-
GGTCAAGTACATGTGAC-3" and reverse: 5'-TCTCCTCTAGCTTGCAG-3’. PCR
reaction was amplified for 50 cycles with a 60 °C annealing temperature. Values were
normalized to input controls.

Establishment of tumor xenograft and in vivo experiments

All the animal studies were performed according to the guidelines and approval of the
Animal Care Committee of the University of Maryland School of Medicine. Male Severe
combined immunodeficiency (SCID) mice (4—6weeks old) purchased from the National
Cancer Institute-Frederick Cancer Research Center (Frederick, MD) was castrated. PC-3
cells, cultured to sub-confluency were suspended in matrigel (10 mg/ml) at 2.0 x 107
cells/ml. Mice were inoculated with 100 pl of cell suspension in one flank and housed in a
pathogen-free environment with a constant room temperature of 24 °C, 12 h dark/light
cycles, and free access to food and water. When tumor volumes reached an average size of
90 mm3, mice were put into groups of 10-12 per treatment group. All compounds were
formulated in 0.3% hydroxyl propyl cellulose (HPC) in 0.9% saline. Tumors were measured
twice weekly and tumor volumes calculated by the formula 4/3r r12 x r2, where r1 is the
smaller radius and r2 is the larger radius. Animals were weighed weekly and monitored for
general health status and signs of possible toxicity due to treatment. Animal facility reported
to researchers any identified animal recommended for sacrifice due to advancement of tumor
burden or generalized distress. Mice were euthanized or sacrificed using isoflurane, followed
by cervical dislocation.

Immunohistochemical analysis

Specimens were kept in 10% buffered formalin for 24 h and then embedded in paraffin.
Sections 4um thick were mounted on slides for immunostaining. [18]

Statistical analysis

All experiments were repeated at least three times and reported as means with standard error
where applicable. Student T-test and Analysis of variance (ANOVA) were used to determine
the significance of deviations or lack thereof.
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Figure 1.

Efficacy of Gal/VNPT55 on PC-3 xenografts. (a) PC-3 cells were inoculated into the flanks
of male SCID mice and treated with either 0.15 mmol/kg gal (12 mice) or vehicle (24 mice)
b.i.d. Mice were evaluated daily for the formation of palpable tumor. (b) Male SCID mice
were inoculated with PC-3 cells and treated with either vehicle (0.3% hydroxypropyl
cellulose, HPC) or 0.15 mmol/kg/b.i.d. d gal. Tumors were measured with calipers as
described in materials and methods. (c) Excised PC-3 tumors were weighed following two
weeks of treatment. (d) 1 x 108 LNCaP and CWR22Rv1 cells were seeded in 10 cm plates
in 5% charcoal dextran supplemented RPMI and subsequently treated with gal (1-5 pM) for
duration of 72 h. Immunoblot analysis was utilized to evaluate the expression of ERSR
markers. (e) Tumors samples from 4 mice in each treatment group of LAPC4 xenografts
were excised and analyzed by western blot for relative expression of ERSR markers, average
expression were determined by densitometry (*p<0.05). (f) Cell viability assays were
performed in DU145, PC-3 and CWR22Rv1 cells comparing efficacies of gal, VNPT55 and
CGP-57380.
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Figure 2.
Mnk1-elF4E overexpression enhances activity of gal/\VNPT55 (a) Western blot analysis

were conducted on CWR22Rv1 cells transfected with 50 nM of AR and Mnk1 siRNA alone
and in combination for 3 days, complexes were washed off and cells lysed after an
additional 72 h and analyzed for AR and Mnk1 protein expression. (b) CWR22Rv1 cells
treated as in (a) were seeded at 2500 cells/well in a 96 well-plate, allowed to attach
overnight and subsequently treated with gal and VNPT55 for an additional 72 h, cell
viability was determined as in materials and methods, and Glsq values plotted in a barchart.
Results of Glgq values are averages of 3 separate experiments. Glgg values show a significant
increase in transfected cells (*p<0.05). (c, left and right panels) CWR22Rv1 cells were
transfected with HA tagged elF4E (HA-elF4E) and Mnk plasmids for 96 h, western blot was
used to analyze protein expression. (d) CWR22Rv1 cells were transfected with MnkZ1 and
elF4E plasmids for 16 h, after which cells were counted and seeded at 2500 cells/well in 96-
well plates. Cells were subsequently treated with increasing concentrations of gal/VVNPT55
for 5 days. Glgq values were computed with graphpad prism and compared to vector-
transfected controls (*p<0.05, **p<0.001) (¢) CWR22Rv1 and DU145 cells were seeded in
96-well plates and treated with a combination of both gal/\VVNPT55 and CGP-57380 at a
constant ratio of their respective Glsg values. After cell viability was determined with MTT
reagent, the fractional effects of the compounds alone and in combination was determined
and analyzed by the Calcusyn software to determine the combination indices (Cl), to
evaluate whether compounds act in synergy (CI < 1), additive (CI = 1) or antagonistic (CI >
1). (f) 1000 cells/well of CWR22Rv1 cells were seeded in 6-well plates and treated with gal/
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VNPT55 alone or in combination with CGP-57380 (/eft panel), colonies were stained and
counted and presented as bar chart (right graph)
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Gal and VNPT55 modulate elFAE phosphorylation by depleting Mnk1/2 expression levels.

(a—c) LNCaP, CWR22Rv1 and PC-3 cells were treated with gal

and VNPTS55 at 10 uM for

24 h. Cells were lysed with RIPA buffer and 50 and 100 ug of total protein used in analyzing
total proteins and phosphorylated proteins respectively. (d) PC-3 cells were incubated with 5
and 10uM of CGP-57380 for 24 h and elFAE phosphorylation analyzed by western blot
analysis. () CWR22Rv1 cells were treated with increasing dose of gal/VVNPT55 and
Mnk1/2 protein expression analyzed by western blot with 50 g total protein. (f)
CWR22Rv1 cells were treated with cycloheximide and or gal and Mnk1 protein expression

analyzed by western blot analysis. (g) LNCaP and CWR22Rv1

cells incubated with gal

alone or in combination with MG132, as in materials and methods to determine the role of
the proteasomal enzyme in gal/\VNPT55 induced post-translational modulation of Mnk1. (h)
LNCaP cells treated with 10 uM for 16 h were incubated with 5 uM MG132 for additional
8h. 500 pg total proteins was separated on a 10% Tris glycine gel, transferred to a
Polyvinylidiene fluoride (PVDF) membrane and probed with ubiquitin antibodies. (i)
LNCaP cells were treated with 10 uM of gal/VVNPT55 and downstream targets of Mnk-
elF4E axis were evaluated. (j) RNA was collected from PC-3, DU145 and CWR22Rv1 cells
incubated with 5 and 10 pM of gal/VVNPT55 for 24 h. Mnk1 primers were used in
guantitative real-time PCR to evaluate effects on mRNA expression levels. Results are

represented as means + S.E.M (*p<0.05).
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Figure 4.

Gal/VNPT55 decreases mesenchymal factors and enhances epithelial marker expression. (a)
Lysates from PC-3 and DU145 cells treated with 5 and 10 uM were subjected to immunoblot
analysis to evaluate N-Cadherin and ZO-1. (b) PC-3 and DU145 cells incubated with gal and
VNPT55 at 10 uM for 24 h were stained with E-Cadherin polyclonal antibodies following
protocol in materials and methods. Images were taken with Zeiss camera mounted
immunofluorescence microscope. (¢) PC-3, DU145 and CWR22Rv1 cells were analyzed for
MMP-2/-9 protein expression after gal/VVNPT55 treatment. (d) LNCaP cells were serum
starved for 12 h and treated with 5, 10 and 20 uM gal/VVNPT55 for 36 h in serum-free, pen-
strep free RPMI media. Culture media was concentrated using Millipore 0.5 ml ultra-
centrifugal columns. Conditioned media was separated on 0.1% gelatin Tris/Glycine gel to
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analyze proteolytic activity of MMPs (top), densitometric analyses (bottom bar chart) shows
significant decrease in MMP-2 activity (*p<0.5, **p<0.001). (e) PC-3 cells were treated
with gal/VVNPT55 at 2.5 and 5 uM for 72 h and media concentrated as in (d) and a
zymogram gel used to determine proteolytic activity of MMP-2/-9. (f) DU145 cells were
treated as in (e), at 2.5 uM with gal/VVNPT55 and analyzed with gelatin gels. Densitometric
analysis shows a significant decrease in MMP-2/-9 activity. All zymogram assays were
repeated at least three times and represented as means + S.E.M (*p<0.05).
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Cell viability (% of control)

Figure 5.
Gal and VNPT55 inhibit migration and invasion of PC cells /n vitro. (a) To evaluate whether

PC-3 and DU145 cells used in migration and invasion assays at indicated compound
concentrations did not significantly compromise cell numbers and viability, we performed a
24 h MTT cell viability assay with gal/\VNPT55 (1-10 pM. (b) PC-3 (top panel) and DU145
(bottom panel) cultured in 24-well plates to a confluent monolayer were scratched with a
200 ul pipette tip and subsequently treated with indicated compounds for 12 h. (¢) Wounds
were measured before and after the 12 h time point. Distance migrated were quantified by
measuring the difference at time 0 and 12 h and normalized to control. (Distance migrated =
Distance at time 0 h - distance at 12 h/Distance migrated by control). Experiments were
repeated at least 3 times and represented as mean + S.E.M, shows significant inhibition of
cell migration (**p<0.001) (d) PC-3, DU145 and CWR22Rv1 were seeded in BME pre-
coated inserts. Cells treated with gal, VNPT55 and CGP at 5 uM in the upper chamber in
serum free RPMI media. The bottom chamber was filled with 1ml RPMI media
supplemented with 10% FBS. Set-up was placed in 37 °C incubator for 36 h. Cells were
fixed in 3.7% paraformaldehyde for 10 minutes and stained with 0.05% crystal violet; cells
in upper chamber were wiped off with cotton swabs and invaded cells at the bottom of
inserts analyzed by counting. (e) Schematic illustration of invasion assay set-up, with upper
and lower chambers. (f) Quantified invaded cells shows a significant inhibition of PC cell
invasion (*p < 0.05, **p<0.001). (g and h) PC-3 cells grown to a monolayer and scratched
with 200 pl were treated with EGF (10ng/ml) alone and in combination with gal (5 uM),
CGP (5 uM) and U0126 (5 uM). Wound healing was analyzed as in (b and c), gal and CGP
significantly inhibited migration in the presence of EGF ligand (*p<0.05). All experiments
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were repeated at least three times and represented as mean + S.E.M. (i) To evaluate whether
activated MMP-9 could be inhibited by galeterone as in Figure 4g, we treated cells with gal,
VNPTS55 with or without EGF at (gal-5 uM + EGF-10ng/ml) and incubated for 72
conditioned media was concentrated and separated on zymogram gels. It was observed, just
as in Figure 5g, that galeterone even in the presence of EGF, was able to inhibit collagenase
activity. Experiments were repeated three times (*p<0.05, **p<0.001)
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Figure 6.
Gal/VNPT55 disrupts NF-xB and Twistl transcriptional activity. (a) PC-3 and DU145 cells

were treated with gal and VNPT55 for 24 h and 50 or 100 ug of total cell lysates separated
on a 10% Tris/glycine gel to analyze p65, p52 and phosphorylated p65 (p-p65). (b) RNA
collected from treated PC-3 cells were subjected to quantitative real-time PCR to analyze E-
Cadherin, MMP-9, Twist1 and Snail mMRNA expression (**p<0.001). (c) Protein expression
of Snail, Slug, Twistl, RhoA, vimentin and Vascular endothelial growth factor (VEGF) were
evaluated by immunoblot analysis after a 24 h treatment in PC-3 and DU145 cells. (d and e)
PC-3 and DU145 cells pre-treated with 10 ng TNF-a for 2 h were subsequently treated with
gal/VNPT55 at 10 uM for an additional 24 h. Total cell lysates were subjected to cell
fractionation. [PC-3-Nu and DU145-Nu are nuclear fractions; PC-3-Cyt and DU145-Cyt are
cytosolic fractions]. LSD1 was used as loading controls for nuclear fractions and lactate
dehydrogenase (LDH) for cytosolic fraction controls. Twistl, p65 and p-p65 expression
levels were analyzed in the different compartments. (f)PC-3 cells were pre-treated with 10
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ng TNF-a for 2 h and then treated with gal/\VNPT55 for 24 h. Cells were fixed in 3.7%
paraformaldehyde and stained with Twistl mouse monoclonal antibody and images taken
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Figure 7.
Gal/VNPT55 inhibits p65 and Twistl chromatin binding (a) Schematic of NF-xB binding

site in Snail promoter region (a, fop panel). Gal/\VNPT55 decreases p65 binding activity to
Snail promoter region in PC-3 cells (a, bottom graph)). (b) RNA collected from PC-3,
DU145 and CWR22Rv1 cells were analyzed for BMI-1 expression levels after 24 h
treatment (*p<0.05, **p<0.001). (c) Schematic representation of Twistl binding site in
BMI-1 promoter region. (d) DU145 and (e) CWR22Rv1 cells were treated with gal/
VNPT55 for 36 h at 10 uM and interaction between Twistl and BMI-1 promoter measured
using chromatin immunoprecipitation (ChIP) assay. BMI-1 promoter fold enrichment was
normalized to input controls and presented as mean + SEM (**p<0.001).
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Figure 8.
Gal/VNPT55 inhibits PC colony formation and downregulate protein expression of stem cell

factors. Mnk1 knockdown exhibited similar effects. (a) PC-3 and DU145 were treated with
gal/VNPT55 as indicated and stem cell factors analyzed by immunoblot. (b) 1000 cells/well
(PC-3 and DU145), seeded in 6-well plates were treated with indicated concentrations of
compounds for a period of 14 days. Media containing compounds were replaced every 3
days. Colonies were stained with 0.05% crystal violet. (c) Colonies from B were counted
and presented as bar chart. Results are represented as averages from 3 separate experiments
with S.E.M. (*p<0.5, **0.001).
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Mnk1 knockdown mirrors activity of gal/VVNPT55 (a and b) LNCaP (Zgp panel) and
CWR22Rv1 (bottom panel) cells were transfected with AR siRNA (25 and 50 nM) for 72 h
and Mnk1/2 protein expression analyzed by western blot. LNCaP (fop panel) and
CWR22Rv1 (bottom panel) cells were transfected with Mnk1 siRNA (25 and 50 nM) for 72
h and full length AR analyzed. (c and d) PC-3 and DU145 cells were transfected with 25
and 50 nM Mnk1 siRNA for 72 h. EMT and stem cell factors were analyzed by western blot.
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Figure 10.
Gal and VNPT55 modulate components of the translational machinery /n vivo. (a)

Representative tumors-1 and 2 (T1 and T2) from gal and VNPT55 treated groups were
excised, minced and lysed. Protein was quantified and western blotting performed to analyze
effects on protein expression. Mice (n = 5) were administered with gal (0.15 mmol/kg/twice
daily) and VNPT55 (0.15 mmol/kg/twice daily), by intraperitoneal injection, 5 days per
week for 34 days. 50 g of total cell lysate separated on a Tris/glycine gel shows that, in Gal
treated xenograft tumors, Protein expression of B-Catenin, Mnk1/2, BMI-1 and Oct-4 are
down-regulated. (b) Immunoblot analysis in VNPT55 treated groups also show that effects
seen on expression of indicated protein /n vitro were also observed in vivo. (c) Densitometry
analysis of protein expression from western blot analysis was plotted to quantify the effects
seen in vivo. (d) Representative images of Mnk1/2, BMI-1, Slug and pelF4E
immunostaining in vehicle and gal/VVNPT55 treated groups. Parafinised tumor sections were
stained with Mnk1/2 BMI-1, Slug and pelF4E antibodies following protocol in materials and
methods. Both gal and VNPT55 show strong depletion effects on Mnk1/2. (e) IHC staining
in (e) was quantified using the ImageJ software and represented as a bar chart. (f) Schematic
representation of multiple effects of Gal and VNPT55 in inhibiting EMT (1) NF-xB (p65)
and p50 heterodimerizes and binds to its cognate sequences in promoter regions of target
genes to activate them, gal/VVNPT55 in addition to decreasing p65 phosphorylation levels
also decrease binding to the chromatin. (2) Twistl binds to BMI-1 gene to activate its
transcription; ChlP analyses shows gal/VVNPT55 decreases this interaction. (3) Twistl also
binds to E-Cadherin promoter to repress its transcription, with gal/\VNPT55 inhibiting
nuclear translocation of Twistl, this significantly inhibits the process and enhances E-
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Cadherin expression. (4) Mnk1/2 phosphorylation leads to phosphorylation of elF4E and
subsequent formation of the translation complex to translate oncogenic mRNAs. (5) Gal and
VNPT55 deplete protein expression of Mnk1/2 and (6) ultimately inhibit the metastatic
potential of Mnk-elF4E axis. Gal and its new analog, VNPT55, decrease transcription and
translation of oncogenic mMRNA via inhibiting chromatin binding of transcription factors
(NF-xB and Twist1) and depleting protein expression of Mnk1/2, respectively. Mnk1/2
depletion culminates in decrease in elF4E phosphorylation and disruption of cap-dependent
mMRNA translation, thus inhibiting prostate cancer cell proliferation and epithelial
mesenchymal transition (EMT).
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