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Abstract

Background: Prostate cancer is the most common visceral malignancy and the second leading
cause of cancer deaths in US men. The two most common genetic alterations in PCa are
expression of the TMPRSS2/ERG (TE) fusion gene and loss of the PTEN tumor suppressor. These
genetic alterations act cooperatively to transform prostatic epithelium but the exact mechanisms
involved are unclear.

Methods: Microarray expression analysis of immortalized prostate epithelial cells transformed
by loss of PTEN and expression of the TE fusion revealed MEX3D as one of the most highly
upregulated genes. MEX3D expression in prostate cancer was examined in patient samples and in
silico. In vitro and in vivo studies to characterize the biological impact of MEX3D were carried
out. Analysis of the TCGA PanCancer database revealed TCF3 as a major target of MEX3D. The
induction of TCF3 by MEX3D was confirmed and the biological impact of TCF3 examined by in
vitro studies.

Results: MEX3D is expressed at increased levels in prostate cancer and is increased by
decreased PTEN and/or expression of the TE fusion gene and drives soft agar colony formation,
invasion and tumor formation in vivo. The known oncogenic transcription factor TCF3 is highly
correlated with MEX3D in prostate cancer. MEX3D expression strongly induces TCF3, which
promotes soft agar colony formation and invasion in vitro.

Conclusions: Loss of PTEN and expression of the TE fusion gene in prostate cancer strongly
upregulates expression of MEX3D and its target TCF3 and promotes transformation associated
phenotypes via this pathway.
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INTRODUCTION

Prostate cancer (PCa) is the most common malignancy in American men, affecting one in
nine men over 65 years of age. Currently there is no cure for the advanced stages of PCa and
it is the second-leading cause of male cancer mortality. The TMPRSS2/ERG (TE) fusion
gene is the most common genomic alteration in PCa and is present in approximately 50%
of cases. This fusion results in high levels of TE fusion gene expression under the androgen
regulated TMPRSS2 promoter. PCas with the TE fusion have been shown to have activation
of multiple pathways which promote tumorigenesis'~13. Correlative studies in human
prostate cancers reveal a frequent association of the TE fusion gene with loss of PTEN

and studies in mouse models reveal that ERG expression and PTEN loss synergistically
promote prostate cancer progression'4-17. The mechanistic basis for the association of TE
expression and PTEN loss is not clear.

In prior studies to determine the mechanistic basis of transformation induced by TE
overexpression and/or PTEN loss we expressed the TE fusion gene and/or knocked down
PTEN in the immortalized prostate epithelial cell line PNT1A8, Expression of the TE
fusion alone or knockdown of PTEN increased proliferation and invasion but did not

fully transform the PNT1A cells. However, TE fusion expression combined with PTEN
knockdown resulted in acquisition of the ability to form colonies in soft agar and form
tumors in SCID mice. Our initial studies identified activation of fibroblast growth factor
(FGF) signaling as an important component in the transformation induced by TE fusion
expression and PTEN loss. We have now identified MEX3D, a known oncogene, as another
key downstream oncogenic activator in this context.

MATERIALS AND METHODS

Cell lines and tissue culture.

PNTZ1A cells were obtained from the European Type Culture Collection. LNCaP, DU145,
VCaP and HEK?293T cells were obtained from the American Type Culture Collection. Cell
were obtained between 2001 and 2012, expanded, frozen and stored as stocks in liquid
nitrogen. All cell lines are authenticated by STR analysis at MD Anderson Cancer Center
Characterized Cell Line Core Facility. PNT1A, DU145 and LNCaP cells were maintained
in the RPMI with 10% fetal bovine serum (FBS). VCaP and HEK293T cells were cultured
in DMEM with 10% FBS. Cell numbers were determined with 0.4% Trypan Blue Solution
using a Bio-Rad TC-20 automatic cell counter. All experiments were repeated at least three
times. Cells were treated with the AKT kinase inhibitor AZD5363 as described previouslyl8

Generation of stable cell lines.

PNT1A shMEX3D or VCaP-shMEX3D were generated by infecting with sSAMEX3D
lentivirus. A total of 5 GIPZ MEX3D shRNA isoforms were obtained from the Baylor
College of Medicine Cell Based Assay Screening Core: #1: V3LHS_ 307378, #2: 307380,
#3: 634459, #4 634464 and #5 _634465 and pGIPz noncoding vector. After transient
transfection selection, the isoforms with the most efficient knockdown _634464 and
634465 and pGIPz non coding vector were used for lentivirus generation.
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To construct the Myc-MEX3D construct, the human MEX3D ORF cDNA clone

was purchased from Creative Biogene (NM_001174118.1, Cat# CDCR356960) in the
pCDNAZ3.1(+) vector. To clone the MEX3D cDNA sequence into pPCDH-CMV vector

with a c-Myc tag,a primer set of MEX3D Exp F BstBI 5’- CTAG TT CG AA
TGGGCAAGCCTATCCCTAAC -3’ and MEX3D R Swa 15’ CG ATTT AAAT CA GTA
CTG TCT CTG CAG A GC G 3’ was used to amplified the MEX3D fragment, and the
amplicon was sub-cloned into a pPCDH-CMV a vector with Myc tag using a Cold Fusion
Cloning Kit from System Biosciences (Cat#MC010B-1. The MEX3D sequence was verified
and MEX3D protein expression was confirmed by real time PCR and Western blotting with
c-Myc-tag Ab (clone 9E10, Sigma). Flag-TCF3 plasmid was purchased from NovoPro, in
which the cDNA/ORF sequence (NM_003200) in pcDNAS3.1-3xFlag vector.

The PNT1A PTEN KD, TE, PTEN KD/TE and control cell lines were generated
previously!®. The sShMEX3D lentiviruses described above were used to make the stable cell
lines for VCaP-shMEX3D and PNT1A shMEX3D with puromycin selection (400 ng/mL
for selection and 200 ng/mL for maintenance). Lentivirus for myc-MEX3D were generated
using pCDH-CMV-myc-MEX3D and pPACK Lentivector packaging Kit (TR30037A) in
293T cells and infected into PNT1A cells to generate myc-MEX3D overexpressing cells.
GFP positive cells for PNT1A were collected by FACS and used for in vitro and in vivo
experiments.

siRNAs or plasmid DNA transfections.

Lipofectamine RNAIMAX was used for siRNA cell transfection experiments with 6 pmol
RNAI duplex, mixed with Lipofectamine RNAIMAX (Thermo Scientific, # 13778150) in
Opti-MEM | Reduced Serum Medium following the manufacturer’s protocol. Cells were
harvested 48 hours post transfection for cell proliferation or colony formation studies,

or lysates collected for RNA or protein analysis. Human MEX3D siRNA duplexes (10

uM) were purchased from Santa Cruz with 3 different isoforms. The human TCF3 (E2A)
siRNA, PTEN, TE fusion gene and control non-silencing siRNA scrambled sequences were
purchased from Sigma. See Supplementary Table 1 for the siRNA sequences. In double
transfections with plasmid and siRNA experiments, jetPRIME (Cat.# 114-15, Polyplus)
was used. Briefly, cells were grown in 10 cm dishes and transfected with 10 ug DNA in
500 ul jetPRIME buffer with 20 pl of jetPRIME reagent, or 50 nM of siRNA duplex into
500 pl jetPRIME buffer with 20 pl of jetPRIME reagent. After 15 min incubation at room
temperature, the transfection mixtures were added to the dishes with corresponding cells and
placed in the incubator overnight. The next day, cells were trypsinized, counted for used to
set up proliferation, invasion or soft agar colony formation assay.

Matrigel invasion assays.

Invasion assays were conducted using pre-coated BD Matrigel 8.0 uM Transwell Chamber
24 well plates (# 354480, BD Biosciences) in triplicate. A total of 24000 cells were added
to each well after overnight transfection in 300 uL FBS free medium and 500 uL complete
medium was added to the bottom in the 24 well plate. After 48 hours, membranes were fixed
in neutral buffered formalin, stained with 0.05% crystal violet solution for 10 minutes and
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mounted on a slide with EcoMount (Biocare #EM897L), sealed with coverslips and invasive
cells counted. Each experiment was repeated 3 times.

Soft agar colony formation assays.

Briefly, ShRNA infected stable cells or siRNA transfected cells 48 hrs after transfection
were trypsinized and mixed (1000 cells /well) with the 0.7% agarose (top agar) with warm
2xRPMI 1640 with 20% FBS and plated in each well of 24 well plate on top of the prepared
1% base agar. Plates were incubated at 37°C for 15 to 20 days. Biweekly, 100 uL complete
medium was added to keep the wells moist. At termination, the colonies were stained with
200 uL of p-iodonitrotetrazolium violet (2 mg/mL) overnight. The images were taken and
colonies of 50 or more cells were counted.

cDNA Synthesis and Quantitative Real-time PCR.

Total RNA was isolated using the RNeasy Mini Kit (Qiagen) with RNase-Free DNase
on-column digestion to remove the genomic DNA. 500 ng total RNA were used for cDNA
reverse transcription using amfiRivert cDNA Synthesis Platinum Master Mix (Cat.# R5600,
GenDEPOT). 1-5 ul of cDNA was used for Q-RT-CR in a final reaction volume of 15

ul using SYBR Green PCR Master Mix (Applied Biosystems) or TagMan Fast Advanced
Master Mix (Applied Biosystems) using ABI StepOne Plus Real-Time PCR system. The
quantitative real-time PCR primers for PTEN, TCF3 and MEX3D-myc used are shown in
Supplementary Table 1. Human MEX3D probe FAM-MGB gqHsaCEP0054727 and B-Actin
VIC-MGB were used for TagMan QPCR. PTEN and MEX3D were analyzed using SYBR
Green real time PCR with B-actin as input control. Each experiment was performed in
triplicate and the differences in expression levels were evaluated using 2- AACT method.
Expression data were normalized to B-actin.

Western blotting.

Cells were trypsinized and collected by centrifugation, and whole-cell lysates were obtained
using a lysis buffer as described previously18. Total protein concentration was determined
using a BioRad DC protein assay reagent. Aliquots containing 30 ug of total protein from
each sample were prepared in Laemmli buffer, resolved on 4-15 % SDS-PAGE gels from
Bio-Rad Mini-Protean TGX Gel and electrotransferred to nitrocellulose membranes using
iBlot 2 Transfer Stacks system from Thermo Fisher Scientific. The LI-COR system was
used for signal detection, in which LICOR Odyssey Blocking Buffer(TBS, #927-50000) was
used for blocking for 1 hour and primary antibody incubation overnight at 4°C followed by
5 washes with TBST buffer (Tris pH 7.4 with 0.1% Tween20). The blot was then incubated
in secondary antibodies (goat anti mouse IRDye 680RD #925-68070 and goat anti Rabbit
IRDye 800CW, 926-32211) were simultaneously, diluted in blocking buffer(1:15000) for 1
hour incubation at room temperature. After 5 washes the blots were scanned using LICOR
Odyssey CLx. Imager with Image Studio version 5.2 for image acquisition and band density
analysis according to the manufacture’s procedure.
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Myc-tag antibody (9E10) and Flag M2 antibody from Sigma were used for pull down
experiments. For Western blotting, Myc and Flag antibodies were diluted as 1:5000, while
Anti-TCF3 antibody (Abcam #ab82847), and anti- MEX3D antibody(Abcam #ab79208)
were used as 1:1000 dilution in the LICOR blocking buffer supplemented with 2% Tween
20.

Co-immunoprecipitation.

All immunoprecipitation steps were carried out at 4°C. HEK293 cells were transfected

with Myc-tagged MEX3D and Flag-tagged-TCF3 plasmid DNAs with Lipofectamine 2000
(Cat.#11668019, ThermoFisher), Cells were lysed in Pierce IP Lysis Buffer composed of 25
mM Tris-HCI pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40 supplemented with 1 mM
PMSF and 1X protease/phosphatase inhibitor (ThermoFisher Scientific). After clearing, 30
ul slurry of protein A/G-agarose (Santa Cruz Biotechnology) and 2 ug of the anti-Myc or
anti-Flag or control 1gG antibody were added to 1-2 mg of the extracted proteins and rotated
for 16 hrs. Next, the beads were spun down at 500g for 1 min, and rinsed 4 times with
washing buffer containing 25 mM Tris-HCI pH 8.0, 150 mM NaCl and 1 mM EDTA for 5
minutes each with rotation at 4°C. Finally, the beads were heated at 37 °C for 10 minutes
and then 55 ° C for 6 minutes in 2X Laemmli buffer and Western blot performed.

Mouse xenografts.

SCID male mice at 7-9 weeks of age were injected subcutaneously in each flank with 3 x
108 PNT1A cells overexpressing Myc-MEX3D, Flag-TCF3 or PNT1A empty vector control
cells in 50% Matrigel as described previously!®. A total of 5 mice per group were used.
Tumor formation was checked twice weekly for 14 weeks.

Prostate and prostate cancer tissues.

Tissue samples were obtained from the Human Tissue Acquisition and Pathology Core of
the Dan L. Duncan Cancer Center and were collected from fresh radical prostatectomy
specimens after obtaining informed consent under an Institutional Review Board approved
protocol. Cancer samples contained a minimum of 70% cancer and benign tissues were free
of cancer on pathological examination. RNAs were extracted using QIAGEN DNA/RNA
Mini kit according to manufacturer’s instruction

Statistical analysis.

The data were expressed as the means +/- SD of three or more independent experiments.
Statistical analysis was performed using the two-tailed Student’s t-test, Mann-Whitney or
One-way ANOVA on Ranks as appropriate to compare numerical values. Correlations were
assessed using Pearson Product Moment test. Proportions were compared using Fisher exact
test. P values less than 0.05 were considered statistically significant.
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RESULTS
MEX3D is an oncogene induced by the TE fusion gene and PTEN loss.

In our previous published studies!® we established cell lines using the immortalized
prostate epithelial cell line PNT1A with TE expression, PTEN knockdown (KD) or TE
overexpression with PTEN knockdown (TE/PTEN KD). The three cell lines all showed
phenotypic alterations such as increased proliferation and invasion relative to controls, but
only the TE/PTEN KD cell line was fully transformed and capable of growing in soft agar
and as xenografts in SCID micel®. Microarray analysis of gene expression in these cell
lines identified 260 protein encoding genes that were upregulated 1.4-fold or greater only
in the TE/PTEN KD cell linel8. Among these genes, the second most upregulated gene was
MEX3D, which was upregulated 3.6 fold. This gene attracted our interest since it had been
identified as a gene that may contribute to androgen independent growth in PCa based on a
lentiviral mutagenesis screen’®.

Initially we sought to confirm the changes in gene expression observed on the microarrays
by Q-RT-PCR. As seen in Figure 1A, MEX3D was increased in TE cells (1.2 fold), more
significantly increased in PTEN KD cells (1.7 fold) and showed the highest increase in
TE/PTEN KD cells (2.6 fold), confirming the results of our microarray studies. Treatment
of TE/PTEN KD cells with the AKT kinase inhibitor AZD5363 significantly decreased
MEX3D mRNA (Figure 1B). To confirm the induction of MEX3D by the TE fusion we
transiently transfected the TE fusion cDNA into PNT1A cells using increasing amounts of
plasmid and observed a proportional increase in MEX3D expression compared to control
plasmid (Figure 1C). In PCa cells, knockdown of PTEN in either VCaP or DU145 cells
(both PTEN wild type) increased MEX3D mRNA (Figure 1D). Finally, we confirmed these
observations in VVCaP cells at the protein level using quantitative Western blotting. As shown
in Figure 1E, transient knockdown of PTEN increased MEX3D protein while knockdown

of TE fusion gene in the context of PTEN knockdown markedly diminished the increase

in MEX3D protein. These results confirm that MEX3D is a direct or indirect downstream
target of the PI3K/PTEN/AKT pathway and the TE fusion gene and is potently induced by a
combination of TE expression and PTEN knockdown.

To examine whether MEX3D is increased in PCa, we measured expression of MEX3D
MRNA by Q-RT-PCR in RNAs from 37 PCa tissue samples and matched benign prostate
tissue from radical prostatectomies. MEX3D was significantly increased in PCa (P<.001,
t-test; Fig 2A). We then examined expression of MEX3D mRNA in existing datasets

on Oncomine (Fig 2B). In the PCa datasets with MEX3D mRNA data, 5 of 7 showed
significantly increased MEX3D expression in cancer relative to benign tissue (p<.01).
Examination of MEX3D, PTEN and ERG in the TCGA data set showed that ERG was
overexpressed and PTEN was lost in a significantly higher fraction of cases with high
MEX3D compared to cases with unaltered MEX3D expression (Fig 2C). Conversely, ERG
and PTEN were unaltered in a significantly lower fraction of cases without MEX3D
overexpression compared to cases with high expression, consistent with our in vitro
observations. Western blotting revealed VVCaP and LNCaP express significantly more
MEX3D protein than PNT1A cells, while 22RV1, PC3 and LAPC4 express somewhat
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higher levels. Of note, VCaP cells express the TE fusion gene while LNCaP have a mutated
PTEN. DU145 cells did not express detectable MEX3D protein (Fig 2D) and have wild
type PTEN and do not have a TE fusion gene. Thus, PCa cell lines express variable,

but generally increased, levels of MEX3D protein compared to benign prostate epithelial
cells. MEX3D was also very significantly increased in variety of malignancies including
colorectal cancer, glioblastoma, melanoma, high-grade sarcoma (Supplementary Fig 1) and
many other malignancies.

To determine the biological significance of MEX3D expression, we used siRNA to knock
down MEX3D or TE fusion gene and the ability to form colonies in soft agar was assessed.
Colony formation was markedly decreased by MEX3D knockdown. TE knockdown was
performed as a positive control and it also resulted in significant decrease in soft agar colony
formation. To determine the relevance of MEX3D in PCa cell lines we analyzed the impact
of MEX3D knockdown with siRNA on soft agar colony formation in \VCaP cells. PTEN is
not altered in VCaP cells and there are no known alterations in the PI3K pathway in these
cells, which are also the only cell line known to express the TE fusion gene. Knockdown of
MEX3D significantly decreased colony formation in VVCaP cells (p<.001, t-test; Fig 3B). As
expected, knockdown of PTEN with siRNA increased soft agar colony formation in VVCaP
cells (p<.001). Knockdown of PTEN in VCaP cells with MEX3D knockdown increased
colony formation slightly but significantly compared to MEX3D knockdown only (p=.048,
Mann-Whitney). Overall, these results indicate that MEX3D plays an important role in the
increased soft agar colony formation induced by PTEN knockdown in this context. We also
examined the impact of MEX3D on invasion. As shown in Figure 3C, MEX3D expression
increased invasion while MEX3D knockdown decreased invasion of PNT1A cells, showing
MEX3D is a cell invasion stimulator. Finally, MEX3D overexpressing PNT1A cells formed
tumors in SCID mice in 6 of 10 injections after 14 weeks while vector control cells

formed no tumors. Thus, MEX3D is an oncogene with full transforming activity in prostate
epithelial cells.

TCF3is upregulated by MEX3D expression

To discover potential downstream targets of MEX3D that could mediate its oncogenic
activity, we examined the TCGA PanCancer Atlas prostate cancer database mRNA
expression data in cBioportal?0. The gene most strongly correlated with MEX3D is TCF3,
which has a very strong correlation (.64, g-value 1.1 x 10752, Fig 4A). Other large PCa
databases with mRNA data from primary or metastatic cancers also showed extremely high
correlation of TCF3 with MEX3D (Figure 4B). Examination of all the tumor types in the
PanCancer Atlas showed very strong positive correlation of TCF3 with MEX3D mRNA in
27 of 32 tumor types (Supplementary Table 2). Based on our in vitro experiments, we would
predict a negative correlation of MEX3D and PTEN expression in PCa in addition to the
strong positive correlation with TCF3. Examination of the correlation of PTEN and MEX3D
expression showed strong negative correlation in the two primary PCa databases (TCGA
and MSKCC) but not in the SU2C metastatic database (Figure 4B). It should be noted

that the PIBK/AKT pathway is activated by many different genetic alterations in advanced
prostate cancer?!, which would obscure a potential correlation with decreased PTEN mRNA
expression.
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These findings were of considerable interest since TCF3 is a bHLH transcription factor
that is a part of several fusion oncogenes in acute leukemias?2. In addition, it has

been shown to have oncogenic activities in vitro in a variety of malignancies including
prostate23.24 esophageal?® and breast cancer8, glioblastoma?” and chronic lymphocytic
leukemia28. Increased expression of TCF3 is associated with adverse outcome in a number
of cancers??-32, Examination of Oncomine databases revealed increased expression of TCF3
in prostate cancer compared to benign prostate (p<.01) in 9 of 16 databases (including all
of the databases with increased MEX3D; examples in Fig 4C). TCF3 is also increased in
many other malignancies including colon cancer, glioblastoma, melanoma and high grade
sarcoma, which also have increased MEX3D (Fig 4D). Of note, TCF3 is increased in
several cancers without significantly increased levels of MEX3D, such leukemia and breast
carcinoma, implying that MEX3D may be one of several factors regulating TCF3 in cancer.

Based on these observations we examined the regulation of TCF3 mRNA by MEX3D.
Transfection of LNCaP cells with Myc-tagged MEX3D plasmid resulted in a marked
increase in TCF3 mRNA expression. The converse experiment revealed a marked
upregulation of MEX3D mRNA by Flag-tagged TCF3 transfection (data not shown). These
results suggest a very strong cross regulation of TCF3 and MEX3D at the mRNA level.
We therefore examined this cross regulation at the protein level in 293 cells. Transfection
of Myc-tagged MEX3D into 293 cells strongly induces expression of TCF3 (Fig 5A). In
the converse experiment, transfection of a Flag-tagged TCF3 strongly induced MEX3D in
293 cells (Fig 5B). In both experiments, there was a strong linear correlation of protein
expression of TCF3 and MEX3D (r=.97 and .94, respectively). A similar strong induction
of TCF3 protein was seen in VCaP PCa cells when they were transfected with Myc-tagged
MEX3D (Fig 5C).

To determine if TCF3 and MEX3D proteins interact with each other, we carried

out cotransfection with Myc-tagged MEX3D and Flag-tagged TCF3 in 293 cells and
then carried out immunoprecipitation with anti-Myc, anti-Flag or control 1gG. Co-
immunoprecipitation of the tagged proteins was seen using both anti-Myc and anti-Flag
antibodies (Fig 5D), demonstrating the interaction of the MEX3D and TCF3 proteins.

TCF3is an oncogene in prostate epithelium and mediates MEX3D oncogenic activity

To determine the biological significance of TCF3 expression in prostate cells we established
PNT1A cell overexpressing TCF3. As shown in Fig 6A, these cells formed colonies in

soft agar, while control PNT1A cells did not, although the colony formation was lower

than PNT1A cells expressing MEX3D (Fig 6A). Knockdown of TCF3 in PNT1A cells
expressing MEX3D markedly decreased both soft agar colony formation (Fig 6A) and
invasion (Fig 6B). The TCF3 expressing PNT1A cells did not form tumors in SCID mice
(data not shown). Thus TCF3 has oncogenic activity in prostate epithelial cells but is not
fully transforming.

DISCUSSION

Loss of PTEN expression is one of the most common molecular alterations in prostate
cancer and is strongly associated with progression. Expression of the TE fusion gene is
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present in approximately half of all prostate cancers and is associated with loss of PTEN
expression. In our current studies, we have identified MEX3D as a novel oncogene that is
induced by PTEN loss and to a lesser extent expression of the TE fusion gene. MEX3D
expression is increased in prostate cancer and in vitro studies indicate that it enhances

soft agar colony formation and invasion. When inoculated into immunodeficient mice,
PNT1A cells over-expressing MEX3D were tumorigenic in 6 of 10 injections, while controls
showed no tumors. Thus, MEX3D can fully induce cell transformation. MEX3D was
previously identified as a potential inducer of androgen independent growth in insertional
mutagenesis screen and our studies are consistent with this finding1®. Interestingly, MEX3D
is overexpressed in a number of other malignancies suggesting it may have oncogenic
properties in a variety of cellular contexts although this has not been tested directly. In these
other malignancies expression of MEX3D may be induced loss of PTEN (i.e. glioblastomas)
or other alterations increasing the PISK/AKT pathway or perhaps other ETS transcription
factors. Of course, other, as yet unknown genetic or epigenetic alterations may play a role in
increased MEX3D expression in other cancers.

The function of the MEX3D gene is poorly characterized. It was originally described as
a member of MEX3 gene family33 (MEX3A-D). The original description of these genes
focused on MEX3A-C, which were shown to be RNA binding proteins. MEX3A-C have
all been shown to be RNA binding E3 ubiquitin ligases that can mediate protein, and

in some cases, RNA degradation34-38. MEX3A, B and/or C have all been previously
implicated as oncogenes in a several cancers including gastric3°:3% and bladder cancer4?
and glioblastoma34. Importantly, MEX3B and MEX3C can mediate resistance in cancer
immunotherapy by mediating degradation of MHC proteins*1-43, Whether MEX3D has
similar activities is unknown.

Our studies identify the TCF3 transcription factor as a major downstream target of MEX3D
in PCa. Expression of MEX 3D is very highly correlated with TCF3 expression in prostate
and many other cancers. Our in vitro studies indicate that they strongly cross regulate each
other at the mRNA level. This could be due to transcriptional regulation or potentially
post-transcriptional regulation such as increased RNA stability. In addition, it should be
noted that MEX3D and TCF3 are located very near each other on chromosome 19p13.3 and
so part of their correlation could be related to factors controlling transcription of this entire
region. As predicted, knockdown of TCF3 attenuates MEX3D induced cancer phenotypes
including colony formation and invasion in PNT1A cells overexpressing MEX3D.

TCF3 is a known oncogene that plays an important role in a subset of acute leukemias?2.
Studies have also implicated TCF3 as an oncogene in breast?® and cervical cancers3!

and glioblastoma?’. In breast cancer it is expressed particularly in the basal subtype and

is associated with activation of a subset of Wnt target genes. In PCa cells, TCF3 is
androgen induced and knockdown of TCF3 in DU145 and PC3 cells decreases proliferation
and increases apoptosis?3. As noted above, MEX3D can drive androgen independent
growth. Our findings suggest a novel androgen receptor independent mechanism by which
PI3K/AKT activation can promote androgen independent growth via MEX3D and TCF3
which it might constitute a novel target in PCa. In addition, TCF3 can enhance resistance to
chemotherapy in PCa?4.
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In summary, we have identified MEX3D as an oncogene in PCa that is induced by PTEN
loss and TE fusion gene expression. Its oncogenic activities are mediated in part by
induction of TCF3. Further studies are needed to understand how TCF3 is induced by
MEX3D, the targets of TCF3 in PCa and whether the MEX3D has other targets in PCa that
also contribute to its oncogenic activities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure1l. MEX3D expression isincreased by AKT activity and TE fusion gene expression
A. Stable cell lines were established from PNT1A immortalized human prostate epithelial

cells with knockdown of PTEN (PTEN KD), overexpression of the TMPRSS2/ERG fusion
gene (TE) or with both fusion gene overexpression and PTEN knockdown (TE/PTEN KD).
Expression of MEX3D mRNA as determined by Q-RT-PCR normalized to control cells is
shown (mean +/- SD). Statistically significant increases in expression by t-test are indicated:
* p<.05; ** p<.01

B. PTEN KD/TE cells were treated with the AKT kinase inhibitor AZD5363 or vehicle only
and MEX3D mRNA quantitated by Q-RT-PCR. Means +/-SDs are shown. The decrease in
expression was statistically significantly decreased by t-test; ** p<.01

C. PNT1A cells were transiently transfected with TE fusion expressing plasmid (.25, .5

or 1 ug) or control plasmid in triplicate and MEX3D mRNA measured after extraction by
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Q-RT-PCR. Means +/- SD are shown. TE transfected cells had statistically significantly
higher MEX3D mRNA than controls (ANOVA, p=.004).

D. DU145 and VCAP prostate cancer cells lines were transfected with siRNA targeting
PTEN or control siRNA and levels of PTEN and MEX3D mRNA analyzed by Q-RT-PCR.
Means +/-SDs are shown. The induction of MEX3D expression by PTEN knockdown was
statistically significantly as determined by t-test; ** p<.01; *** p<.001

E. Quantitative Western blotting of VCAP cells transiently transfected with control sSiRNA,
PTEN targeted siRNA, MEX3D targeted siRNA or both TE and PTEN targeted siRNAs.
Quantitaive analysis of expression of MEX3D protein normalized to actin was then
performed (left) after Western blotting (right).
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Figure 2. Increased expression of MEX3D in prostate cancer
A. Expression of MEX3D in mRNAs from 37 clinically localized prostate cancers and

adjacent benign tissues as determined by Q-RT-PCR. Mean +/-SD shown. The increase

in expression in prostate cancer was statistically significantly as determined by t-test (***
p<.001)

B. Examples of increased MEX3D expression in prostate cancer in Oncomine datasets. Box
and whisker plot of log2 median centered intensity of benign and cancer tissue. The name of
the database, p-value and fold change are shown.

C. The TCGA prostate cancer database (PanCancer) was analyzed for ERG, PTEN and
MEX3D expression in cBioportal and cases with increased or decreased expression (1.4
fold) identified. Cases were divided into those with increased MEX3D or those with
unaltered MEX3D expression. The fraction of cases in these two groups with ERG
overexpression, decreased PTEN expression, both increased ERG and decreased PTEN
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or no alterations in ERG or PTEN were determined. Statistical analysis of differences in
the fraction altered for each comparison were determined by Fisher exact test; all were
statistically different with p-values as shown.

D. Expression of MEX3D by Western blot of prostate cancer and immortalized prostate
epithelial cells (PNT1A). Actin loading control is shown.
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Figure 3. MEX3D has oncogenic activitiesin prostate cancer
A. Soft agar colony formation of TE/PTEN KD cells with knockdown the TE fusion gene or

MEX3D or with control siRNA. Mean +/- SD. p<.05; *** p<.001 versus control; t-test
B. Soft agar colony formation in VVCaP prostate cancer cells with control siRNA or with
knockdown of PTEN, MEX3D or both PTEN and MEX3D. Mean +/- SD is shown. ***
p<.001, t-test versus control

C. Matrigel invasion in PNT1A cells with MEX3D overexpression or knockdown of
MEX3D. Mean +/- SD. p<.05; ** p<.01 versus control; t-test.
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Figure4. TCF3ishighly correlated with MEX3D and increased in prostate cancer
A. Correlation of TCF3 and MEX3D mRNAs in TCGA PanCancer Atlas primary prostate

cancer database.

B. Correlation of MEX3D and TCF3 (black) and PTEN (red) in three large prostate cancer
databases TCGA, Memorial Sloan Kettering (primary) and SU2C (metastatic). Q-values are
shown over each bar showing correlation

C. Expression of TCF3 in benign prostate and prostate cancer in Oncomine databases.
Wallace: 1.9 fold, p=.009; Varambally: 1.6 fold; p= 3 x 107

D. Expression of TCF3 in malignant tumors and corresponding benign tissues in Oncomine
databases. Colon adenocarcinoma (TCGA): 2 fold, p=1.5 x1072%; glioblastoma (TCGA): 2.8
fold, p=1.1 x 10~9; melanoma: Talantov 1.85 fold, p=4.7 x 10~3; pleomorphic liposarcoma:
Barretina 1.96 fold, 1.3 x 10710
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Figure 5. Co-induction and interaction of MEX3D and TCF3.
A. Induction of TCF3 protein in 293 cells by transfection of Myc-tagged MEX3D. Protein

was quantitated after Western blotting using Li-Cor software. Correlation coefficient and p
value by Pearson Product Moment is shown (r=.97; p<.01)

B. Induction of MEX3D protein in 293 cells by transfection of Flag-tagged TCF3. Protein
was quantitated after Western blotting using Li-Cor software. Protein was quantitated after
Western blotting using Li-Cor software. Correlation coefficient and p value by Pearson
Product Moment is shown (r=.94; p=.019)

C. Induction of TCF3 protein in VCaP cells by transfection of myc-tagged MEX3D using
indicated amounts of MEX3D vector DNA or 0.5 ug of empty vector control. Western blot
with anti-TCF3 and anti-Myc antibodies. Actin is a loading control.

D. Co-immunoprecipitation of Myc-tagged MEX3D and Flag-tagged TCF3 from protein
lysates after cotransfection into 293 cells. IgG: control immunoprecipitation; Myc: anti-
Myc antibody immunoprecipitation; Flag: anti-Flag antibody; Input: 5% of input for
immunoprecipitation.
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Figure 6. TCF3 has oncogenic activity in prostate epithelial cells
A. Soft agar colony formation was assessed in PNT1A immortalized prostatic epithelial cells

overexpressing MEX3D and these same cells with knockdown of MEX3D or TCF3. PNT1A
overexpressing TCF3 promoted formation of colonies in soft agar while vector controls
formed no colonies as expected. Mean +/— SD. ** p<.01; *** p<.001; One way ANOVA on
Ranks versus MEX3D

B. Invasion through Matrigel was assessed in PNTL1A immortalized prostatic epithelial cells
overexpressing MEX3D and these same cells with knockdown of TCF3 by two different
siRNAs or scrambled control. Numbers of invasive cells; Mean +/- SD. All siTCF decreased
versus scrambled control on same day, p<.001, t-test
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