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Abstract

A therapeutic strategy for prostate cancer (PCa) involves the use of 9-cis-retinoic acid (9cRA)

to induce cancer stem cells (CSCs) differentiation and apoptosis. Polyinosinic:polycytidylic

acid (PIC) is a Toll-like receptor 3 (TLR3) agonist that induces tumor cells apoptosis after
activation. PIC+9cRA combination activates retinoic acid receptor p (RARp) re-expression,
leading to CSC differentiation and growth arrest. Since inorganic arsenic (iAs) targets prostatic
stem cells (SCs), we hypothesized that arsenic-transformed SCs (As-CSCs) show an impaired
TLR3-associated anti-tumor pathway and, therefore, are unresponsive to PIC activation. We
evaluated TLR3-mediated activation of anti-tumor pathway based in RARP expression, on As-
CSC and iAs-transformed epithelial cells (CASE-PE). As-CSCs and CASE-PE showed lower
TLR3 and RARP basal expression compared to their respective isogenic controls WPE-Stem and
RWPE-1. Also, iAs transformants showed reduced expression of mediators in TLR3 pathway.
Importantly, As-CSCs were irresponsive to PIC+9cRA in terms of increased RARP and decreased
SC-markers expression, while CASE-PE, a heterogeneous cell line having a small SC population,
were partially responsive. These observations indicate that iAs can impair TLR3 expression and
anti-tumor pathway activated by PIC+9cRA in SCs and prostatic epithelial cells. These findings
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suggest that TLR3-activation based therapy may be an ineffective therapeutic alternative for
iAs-associated PCa.
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1. Introduction

TLRs represent a family of transmembrane proteins that recognize pathogen associated
molecular patterns (PAMPSs) and trigger innate immune activation and subsequently the
adaptive immunity (Heidarzadeh et al., 2020). For this reason, several TLR agonists

are currently being probed as adjuvants for anticancer therapies (Adams, 2009; Barton

and Medzhitov, 2003). Specifically, TLR3 antitumor activity is achieved through two
independent mechanisms. One of those mechanisms is related to activation of specialized
immune cells and the other involves apoptosis induction in cancer cells expressing this
receptor (Kawasaki and Kawai, 2014; Premkumar et al., 2010). TLR3 is located in
endosomal compartments or at surface of a variety of cells including dendritic and epithelial
cells, and responds to activation with double-stranded RNA (dsRNA) (Estornes et al., 2013).
TLR3 agonist, Polyinosinic:Polycytidylic acid (PIC) has been proposed as an anti-cancer
immunotherapeutic agent due of its ability to induce cancer cell apoptosis (Bernardo et al.,
2013a, 2013b). On the other hand, retinoids have been extensively investigated for cancer
treatment and prevention (Connolly et al., 2013) since they exert anti-proliferative actions
through the regulation of cellular differentiation, proliferation, and apoptosis (Pasquali et al.,
2006). Retinoids anti-cancer activity occurs through interaction with their nuclear receptors,
retinoic acid receptors, RARa, RARP, and RARy (Allenby et al., 1994). RARs form
complexes with retinoic X receptors (RXRs) to form RAR/RXR heterodimers that bind to
retinoic acid responsive elements (RARE) to activate gene transcription (Bernardo et al.,
2013a, 2013b). RARP expression is well known for its tumor suppressive properties on
epithelial cells that results in target genes activation that mediate cancer cell proliferation,
apoptosis, and SC differentiation (Bushue and Wan, 2010). This last activity is critical

for tumoral cells surveillance since CSCs have been proposed as driving force for cancer
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development and tumor chemoresistance (Isayev et al., 2019). Therefore retinoids are used
as chemotherapeutic agents due to their propriety to induce CSC differentiation towards
epithelial cells which are sensitive to anti-cancer drugs (Modarai et al., 2018; Nguyen et
al., 2016; Whitworth et al., 2012). Combination of 9-cis retinoic acid (9cRA) and TLR3
activation by PIC currently represents a chemotherapeutic strategy for different kinds of
cancers (DeCicco et al., 2001). Although 9cRA antitumor activity related mechanisms

are well known, mechanism through which TLR3 exerts its antitumor effects when it is
combined with 9cRA, is still not completely defined. However, important insights were
described in 2014 by Galli and colleagues (Galli et al., 2013a). Using two prostate cancer
(PCa) cell lines (DU145 and TRAMP-C1) they demonstrated that TLR3 activation by PIC
induces RARP gene re-expression through upregulation of miRNAs (miR29b, miR148 and
miR152) that target DNA methyltransferases (DNMTs) which normally conduct RARP
gene promoter methylation in aggressive cancer cells. This miRNA-regulated silencing of
DNMTSs results in an increased expression of RARP, which causes cell differentiation and
sensitization of tumor cells to 9cRA-induced apoptosis (Galli et al., 2013a). Such results
demonstrate a crosstalk between TLR3 and 9cRA intracellular signaling pathways and
suggest that any impairment in TLR3/RARP expression will modify the response to PIC/
9cRAcombined therapy for PCa. However, in an large percentage of PCa cases, RARP gene
promoter is downregulated or silenced by methylation, making the cancer unresponsive to
retinoid treatment (Gonzalez-Reyes et al., 2011).

Importantly, PCa is associated with chronic exposure to iAs in different populations around
the world (Benbrahim-Tallaa and Waalkes, 2008). /nn vivoand in vitro experiments have
shown that iAs drives to over-accumulation of SCs and CSCs, suggesting that these cells
have a survival selection advantage to iAs which drives them to malignant transformation
(Tokar et al., 2010a, 2010b). Supporting these findings, Tokar et al. demonstrated that
prostate SCs (WPE-stem) have innate resistance to iAs-induced lethality and apoptosis, as
they show higher expression of anti-apoptotic factors (e.g., Bcl-2, metallothionein (MT))
and decreased expression of apoptotic factors (BAX, caspases 3, 8, 7 and 9). These cells
also show higher expression of stress-related genes (e.g. SOD1 and PRODH) compared
with parental RWPE-1 cells (Tokar et al., 2010a, 2010b). Given that SCs putatively drive
iAs-induced malignant transformation of human prostate cells, and that TLR3 induction by
PIC+9cRA leads to activation of an anti-tumor pathway that involves RARP expression, we
hypothesized that TLR3-associated anti-cancer pathway is impaired in As-CSCs, making
cells unresponsive to TLR3 activation, thereby inhibiting this protective mechanism. To test
this hypothesis, we evaluated TLR3 expression and RARP anti-tumor associated pathway in
normal, non-tumorigenic prostate epithelial and SCs and their isogenic iAs- transformants.

2. Material and methods

2.1. Cell cultures and treatments

Four isogenic human prostate cell lines were used for this study: 1) immortalized RWPE-1
consisting of differentiated epithelial cells, intermediate cells, and a small population of
stem/progenitor cells; 2) RWPE-1 cells transformed by chronic iAs exposure named CASE-
PE, 3) stem/progenitor cells isolated from RWPE-1, named WPE-Stem, and 4) WPE-Stem
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cells transformed by chronic exposure to iAs and named As-CSC. Cell lines were grown in
keratinocyte serum-free medium (KSFM, GIBCO) containing 50 ug/mL of bovine pituitary
extract (BPE) and 50 pg/mL of epidermal growth factor (EGF) without antibiotics, incubated
at 37 °C in a humidified atmosphere containing 5% carbon dioxide. WPE-Stem and As-CSC
were grown in flasks coated with a matrix composed of collagen 1V (25 g/mL) (Trevigen,
Gaithersburg, MD) and fibronectin (25 pg/mL) (BD Biociences, San Jose, CA). All cell
lines were cultivated in triplicate. Cells were exposed to 25 pg/mL of high molecular weight
Polyinosinic:Polycytidylic acid (HMW-PIC) (Invivogen, San Diego, CA); 10uM of 9-cys-
retinoic acid (9cRA) (Sigma-Aldrich, St. Louis, MO), or a combination of both. Triplicates
of untreated cells (NT) were included as controls.

2.2. Western Blot analysis

Total protein was isolated from 80 to 90 % confluent cell cultures using RIPA buffer,

total concentration of extracted proteins was determined by Bradford assay. Total protein
concentration of each sample was adjusted to 1 pg/uL. Proteins were separated based on
their weight and electrophoresis charge in 10 % acrylamide gels. Samples were placed

in wells and electrophoresed at 180 V and 300 mAmps for one hour. Proteins were then
transferred to nitrocellulose membranes (0.45 um) at 100 V and 300 mAmps for 1 h.
Membranes were then blocked with 5% skim milk in TBS 1x for 1 h in agitation and

then incubated overnight at 4 °C with corresponding primary antibody Anti-TLR3 (1:2000),
Anti-RARP (1:2000) or Anti-B-actin (1:2000) (Abcam, Cambridge, CB2 0AX, UK). HRP-
labeled secondary antibody (Abcam) was added to membranes and incubated for 2 h at
room temperature. Bands corresponding to proteins of interest were visualized by incubating
membranes with chemiluminescent HRP substrate (Luminol®) followed by exposure to a
photographic film. B-Actin expression was used as loading control.

2.3. Real-time PCR analysis

Cells were grown to 80-90 % confluence, collected by trypsinization (0.025 % trypsin), and
pelleted by centrifugation. Pellet was treated with TRIzol® reagent (300 L per 1 x 10°
cells) for total RNA extraction. From each cell line and tested condition, a retro-transcription
reaction (RT) was made to prepare cDNA from total RNA. PCR mixture contained 1 pg of
RNA, 0.2 L of random primers (2.5 pg/pL), 0.8 pL of DEPC water, 1 uL of dNTPs (10
mM), 4 uL of 5X RT buffer, 2 uL of DTT, 1 uL of RNAse OUT and 1 pL of SuperScript II,
final volume 20 pL. RT reactions were performed using following parameters: 25 °C for 10
min, 50 min for 42 °C and 15 min for 72 °C. Real-time PCR was performed on ABI 7500
(Applied Biosystems) thermocycler using 100 ng of cDNA to analyze CD44, CD133, SOX2,
DNMT1 and DNMT3A expression. Each PCR reaction was performed in a total of 10 pL.
Reaction consisted of 3 UL of water, 5 pL of Sybr Green Master Mix solution, 0.5 UL of each
primer (Forward and reverse) and 1 uL of cDNA. Primer sequences are shown in Table 1S.
Reference gene used was 18 s rRNA. Standard thermocycling protocol consisted of 95 °C
for 10 min, 95 °C for 2 min, 40 °C for 15 s, and 72 °C for 1 min, for 40 cycles. Expression
analysis was performed in High-Resolution Melt (HRM) Software v2.0 program (Applied
Biosystems). Changes in relative expression (at 18 s rRNA) were calculated using the 2 "
—AACt method.
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2.4. miR-29c, miR-148b, miR-152 expression analysis

miRNA purification and cDNA preparation were carried out using Qiagen’s miRNeasy
affinity column and miScript® 11 system. miRNA amplification protocol was: 60 min at

37 °C and 5 min at 95 °C; homogenized gently and kept on ice. Subsequently, 5 uL of

final cDNA solution of each sample was taken and diluted 1:10 for later use in real-time
PCR. Sequences of miRNA primers are shown in Table 2S. Each reaction was prepared by
adding 5 pL of QuantiTech Sybr Green, 1 uL of miScript Universal Primer, 1 uL of miRNA
primer, 2 pL of water and 1 pL of cDNA. Thermocycler program consisted of 95 °C for 15
min, subsequently 40 cycles of 94 °C for 55, 55 °C by 30's, 70 °C by 30 s. As internal
expression control, UNR6 gene was included. An ABI 7500 was used with HRM Software
v2.0 program.

2.5. Statistical analysis

All data are presented as the mean + SD of three biological replicates. A Student’s ~test
was performed, when two groups were compared. To compare all cell lines and the different
conditions, two-way ANOVA was conducted with a Tukey test as post hoc analysis. A value
of p < 0.05 was considered statistically significant.

3. Results

3.1. TLR3 expression is decreased in prostate cells malignantly transformed with sodium
arsenite

To determine TLR3 relative expression, a WB analysis was performed on RWPE-1, CASE-
PE, WPE-Stem, AS-CSC. These cell lines were exposed for 48 h to PIC, 9cRA or the
combination (PIC +9cRA). This analysis allowed us to first evaluate whether there was a
TLR3 basal expression difference in iAs-transformed compared to untransformed parental
cells, as well as to evaluate the ability of different cell lines to respond to treatment with
PIC, 9cRA or PIC+9cRA, through their interaction with TLR3 and RARp, respectively.
The results showed that CASE-PE express less TLR3 when compared to RWPE-1 cells
(Fig. 1). The same was observed in As-CSC cells, in which TLR3 basal relative expression
was significantly lower than WPE-stem Another important observation is that WPE-stem
showed significantly lower TLR3 expression with respect to differentiated cells RWPE-1
(Fig. 1). On the other hand, after treated with PIC only RWPE-1 and WPE-Stem cells,

but not CAsSE-PE and As-CSC cells, showed a significative increase in TLR3 expression.
Similarly, exposure to 9cRA did not exhibited an increase in TLR3 relative expression in
CASE-PE and As-CSC cells with respect to untreated cells, as well as with respect to their
RWPE-1 and WPE-Stem controls, which showed a tendency to increase TLR3 expression
(Fig. 1B). In CasE-PE and As-CSC exposed to PIC+9cRA, TLRS3 relative expression was
reduced compared to RWPE-1 and WPE-Stem respectively (Fig. 1A and B)

3.2. As-CSCs and CAsE-PE showed an impaired expression of miR-29c¢, —148b, -152,
DNMT1 and DNMT3a

The observation that TLR3 expression is decreased in CASE-PE and As-CSC, as well the
inability of PIC alone or in combination with 9cRA to increase its expression, suggests
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a downstream alteration in anti-tumor pathway described by Galli et al. (2014) induced

by TLR3 activation in these cells. To assess this possibility, basal expression (without
treatment) of miR-29c, 148b, —152 miRNAs that target DNMTs mRNAs was analyzed on
RWPE-1, WPE-Stem, CASE-PE, and As-CSC. They were also evaluated after being exposed
to PIC, 9cRA alone or in combination. Results showed that miR-29c, —148b and -152

basal relative expression was significantly lower in CASE-PE and As-CSC cells compared
to their control cells RWPE-1 and WPE-stem (Fig. 2A). Unlike RWPE-1 cells, CASE-PE
cells exposed to PIC did not change miR-29c relative expression, which targets DNMT3A.
Similar results were found in AS-CSCs cells exposed to PIC (Fig. 2B). miR-148b and
miR-152 (which target DNMT1 and DNMT3A messenger respectively) expression, neither
of them changed after CASE-PE or As-CSC were exposed to PIC. However, in this case,
PIC alone did not exhibit effect on WPE-Stem cells regarding miR148b expression, both
compared with its basal expression and compared to RWPE-1, untransformed epithelial cells
(Fig. 2A and B). Exposure to 9cRA alone induced a decrease in miR-29¢ and miR-148b
expression in WPE-Stem compared to basal conditions, and this treatment did not change
expression of any of assayed miRNAs in RWPE-1, CAsE-PE, or As-CSC compared to
basal conditions (Fig. 2C). When CAsE-PE and As-CSC cells were exposed to PIC+9cRA,
contrary to what was reported, miR-29c, -148b and -152 expression did not increase when
compared to their respective control cells. In contrast, miR-29c and -152 expression were
both decreased with respect to their control cells. And miR-148b, it showed no modification
in all cell lines with respect to its basal condition after exposure to PIC or 9cRA (Fig.

2D). As it had been assumed, decreased the TLR3 expression observed in CASE-PE and
As-CSC cells has a direct impact on PIC’s ability to activate its anti-tumor pathway.

This was corroborated by an observed decreased miR-29c, -148b and -152 expression in
these iAs-transformed cells, compared to RWPE-1 and WPE-Stem, respectively, even when
exposed to PIC+9cRA.

3.2.1. As-CSCs and CAsE-PE also showed increased DNMT1, DNMT3A and
DNMT3B gene expression—Results described in sections above indicated that CAsSE-
PE and As-CSC, show a decreased TLR3 basal expression, as well as decreased miR-29c,
-148b and -152 expression which appears not to be modified after exposure to PIC, 9cRA

or their combination. Based on anti-tumor pathway described by Galli et al., the next step

to be analyzed was DNMTSs expression, both basal and after exposure to PIC, 9cRA and

the combination. Analysis of CASE-PE and As-CSC exhibited an increased DNMT1 and
DNMT3A basal expression with respect to not transformed RWPE-1 and WPE-Stem cells
(Fig. 3A), which could imply that, even before exposing to treatments, anti-tumor pathway
described by Galli et al. already shows an important impairment in related intermediary
molecules. When all cell lines were exposed to PIC, DNMT1 and DNMT3A expression
significantly decreased in CASE-PE cells compared to basal levels. However, such decreased
expression was not sufficient to reach low basal expression levels of DNMT1 and DNMT3A
observed in RWPE-1. For As-CSC cells, treatment with PIC showed no change in any of
DNMTs assayed, this when compared to the already increased basal level and to WPE-Stem
(Fig. 3B). These PIC-induced modifications in DNMTSs expression observed in CASE-PE,
(which is mainly composed of differentiated cells and a proportion of stem cells), but not

in As-CSCs, with respect to basal conditions, suggest that SC status plays a key role in the
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tumor ability to respond to this treatment. Besides 9cRA exposure also led to a decreased
DNMT1 and DNMT3A expression with respect to its basal condition in all cell lines, in
CASE-PE cells these DNMTs transcript levels are not as low as in RWPE-1 (Fig. 3C). And
for As-CSCs, DNMT1 and DNMT3A expression did not change after exposure to 9cRA
compared to its basal condition and to WPE-Stem (Fig. 3C). When exposed to PIC+9cRA,
CASE-PE and As-CSC cells, showed an increased DNMT1 and DNMT3A expression with
respect to RWPE-1 and WPE-Stem correspondingly, however, it was also observed a trend
to decrease when compared to their not treated condition, but still, without reaching basal
levels shown by their corresponding controls (Fig. 3D).

3.3. RARp expression is downregulated in CASE-PE and As-CSC

RARp gene promoter is commonly methylated in cancer through the action of DNMTs
(Yaginuddin et al., 2009) leading to a decrease in RARP protein synthesis. Consequently,

an increased DNMTSs expression can in turn have a negative impact on this retinoic acid
receptor (RARP) expression and on response to treatment with 9cRA, especially on the
expression of RARB-regulated genes. RT-PCR, WB and densitometry analysis for total
proteins were performed to evaluate RARP expression in all cell lines, basal and after
exposure to PIC, 9cRA and the combination. In basal conditions, CASE-PE cells exhibited a
significant lower RARP expression when compared to RWPE-1 under the same conditions.
Correspondingly, when these cells were exposed to PIC, 9cRA, and their combination, not
significant increase in RARP expression with respect to RWPE-1 and basal condition was
observed in CasE-PE (Fig. 4). As for As-CSC, RARp basal relative expression did not show
any difference from that observed in WPE-Stem cells. In contrast, when both lines were
exposed to treatments (PI1C, 9cRA and their combination), As-CSC did not modify RARP
relative expression, compared with WPE-Stem cells which showed a slight but significant
increment in RARP expression (Fig. 4). These observations are consistent with reported
increased DNMTSs expression in DU-145 cells, suggesting a critical role of methylation in
RARPB gene silencing (Galli et al., 2013b).

3.4. Analysis of differentiation markers

Due to impairment in TLR3 antitumor pathway observed in previous experiments, an
analysis of SC markers expression was performed to determine the ability of PIC, 9cRA or
the combination to induce a change in SC markers expression in iAs-transformed cells. We
analyzed the relative expression of SC-associated genes such as CD44, CD133 and SOX2
under basal conditions and after exposure to PIC, 9cRA and PIC+9cRA. At basal level,
these genes expression in CAsSE-PE was significantly increased with respect to RWPE-1;
As-CSC cells also showed a significant increase in CD44, CD133 and SOX2 expression
with respect to WPE-Stem (Fig. 5A). When CASE-PE cells were exposed to PIC+9cRA,
relative expression of CD44 was decreased to levels similar to those observed in RWPE-1.
As-CSC exposed to PIC+9cRA showed a decreased CD44 expression compared to its basal
expression, but its expression was still higher than WPE-stem (Fig. 5B). These results

were consistent with previous analyses, where iAs-transformed cells, showed a lower TLR3
basal expression than non-cancerous cells, which was associated with impaired expression
of miRNAs, DNMT1 and DNMT3A. Status of latter proteins also correlated with RARB
protein expression and with SC-markers expression.
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4. Discussion

Retinoic acid (RA) and other retinoids are used in advanced PCa therapy (Pasquali et al.,
2006). However, RARB, relevant mediator in PIC-9cRA antitumoral pathway (Bernardo et
al., 2013a, 2013b), is silenced in a number of PCa cases as part of the immortalization
process of tumor cells (Belinsky, 2005; Swisshelm et al., 1994; Xu, 2007). Target
populations in RA-based cancer therapy are SCs and CSCs since they are involved in tumor
persistence and recurrence; therefore, strategies are sought that favor RARP reexpression
(Park et al., 2019). A proposed approach in castration-resistant PCa treatment is the use of
PIC (TLR3 agonist) and retinoids such as 9cRA, in combination with conventional therapy
(Le Naour et al., 2020; Podrazil et al., 2021). This strategy is based on reports showing

that TLR3 activation by PIC, synergizes with 9cRA activating different pathways which
induce RARp re-expression in prostate and breast cancer cell lines. (23). Importantly, 9cRA
indirectly increase TLR3 expression by controlling expression and activity of transcription
factors (Bernardo et al., 2013a, 2013b; Kolla et al., 1996). Critically, iAs induced over-
accumulation of prostate SCs and CSCs both /n vitro and in vivo suggesting a critical

role of SCs in development of iAs-associated cancer (19, 20). Tokar et al. (2010a, 2010b)
demonstrated that continuous exposure of WPE-stem cells to 5 uM sodium arsenite for

18 weeks caused a rapid acquisition of CSC phenotype compared with RWPE-1 cells

that become transformed after 30 weeks of exposure. As-transformed WPE-stem cells (As-
CSCs) are highly invasive and proliferative, secrete high amounts of metalloproteinase-9,
and form aggressive tumors when hetero-transplanted into nude mice. These cells also
re-express self-renewal-related genes (063, ABCG2, BMI-1, SHH, OCT-4, NOTCH-I) while
expression of tumor suppressor PTEN, was depleted (Tokar et al., 2010a, 2010b). Such
observations aroused our interest in evaluating TLR3 expression, as well as the status of
anti-tumor pathway intermediaries, leading to RARP re-expression and SCs differentiation
in epithelial and stem cells lines in vitro transformed with iAs. To our knowledge, there is
no previous work evaluating this complete TLR3-associtated anti-tumor pathway in PCA
associated to iAs exposure. We first measured basal expression levels of several pathway
intermediaries (TLR3, miR-29c, miR-148b, miR-152, RARB, DNMT1, DNMT3A, SOX2,
CD44 and CD133) in control cells and in iAs-transformed cells. In general, iAs-transformed
CASE-PE and As-CSC show a lower basal expression of TLR3, miR-29¢c, miR-148b,
miR-152, RARp, but higher DNMT1, DNMT3A, SOX2, CD44 and CD133 expression
compared with their respective controls, RWPE-1 and WPE-stem. Previous studies have
shown that PCa cell lines, DU-145, LNCaP and PC3 express similar amounts of TLR3,
although a control cell line for comparison was not included (Galli et al., 2010; Paone

et al., 2008). Basal expression of miR-29¢, miR-148b, and miR-152 were lower in iAs-
transformed cell lines compared with their respective controls. These results are consistent
with reports showing that these miRNAs are significantly reduced in PC3 and LNCaP cells
compared with non-tumor prostate cells from healthy tissues or with HaCaT immortalized
human keratinocyte cells (Feng et al., 2019; Li et al., 2018; Sengupta et al., 2018; Zhu et
al., 2013, 2014). Also, our observations are consistent with reports indicating that DNMT1
and DNMT3 expression levels in DU145 and PC3 are significantly elevated compared with
RWPE-1 (Galli et al., 2013b; Lee et al., 2016). Unlike RWPE-1 and WPE-Stem, CASE-PE
and As-CSC cells did not respond to treatment with PIC, 9cRA or PIC +9cRA in terms
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of TLR3 expression. This observation suggests that a key target population in treatment

of PCa (SCs/CSCs), could be less responsive to activation of antitumor pathway based

on TLR3 activation with its synthetic ligand PIC. In a Galli et al. study, DU-145 cells
showed increased TLR3 expression after activation when the cells were treated with 9cRA
(10uM) and PIC (25 pg/mL) for 48 h. Similar observations were made in transformed
murine prostatic cell line, TRAMP, and in breast cancer cell line, MDA-MB-231 (Galli

et al., 2013b). The same study showed miR-29c, -148b and -152 expression increased

after interaction of TLR3 with PIC (25 pg/mL) for 6 h in DU-145 (Galli et al., 2013b).

In our work, CASE-PE and As-CSC cells exposed to PIC, 9cRA or their combination
showed no change in miR-29c, -148b and -152 expression when compared to RWPE-1 and
WPE-stem. A similar decrease in expression levels of miRNAs associated with regulation
of DNMTSs has also been reported in transformed SCs from other tissues. For example,
osteosarcoma CSCs (3AB-0OS-CSC) exhibit a decreased miR-29 relative basal expression
compared to their 3AB-0S source cell line (Di Fiore et al., 2014). In another study, miR-152
expression was significantly lower in hepatic carcinoma cells with CSC-like properties (e.g
CD133+) compared with their control counterparts (Huang et al., 2015). Possible targets

for miR-29c and miR-148b and -152 include DNMT3A and a DNMT1 correspondingly
(Morita et al., 2013; Sengupta et al., 2018). Although CASE-PE cells show a lower TLR3
expression, exposure of these cells to PIC, 9cRA or their combination (PIC+9cRA) showed
a decreased relative expression of DNMT1 and DNMT3A. However, relative expression

of both DNMTs still remains significantly higher in CASE-PE compared with parental
RWPE-1. While DNMT1 and DNMT3a levels are higher in As-CSC cells compared with
parental WPE-stem, expression of these DNMTs in As-CSC was not altered upon exposure
to PIC, 9cRA, or their combination. In our hands, RARP expression in CASE-PE did
increased cells following exposure to treatments (PIC+9cRA) but not up to the levels
observed in RWPE-1 cells, suggesting that, despite showing alterations in antitumor pathway
related to TLR3 activation, CASE-PE cells are still responsive in some extent to treatment
with PIC + 9cRA. However, when exposed to treatments, As-CSC cells showed a very poor
RARP expression compared to WPE-stem, in contrast, previous studies show a significantly
increased RARP expression in cell lines like PC3, LNCaP and DU145, treated with 9cRA
(10uM) by 48 h with respect to its basal condition (Galli et al., 2013b; Modarai et al., 2018).
As indicated Tokar et al., previously demonstrated that exposure of RWPE-1 to iAs induces
the enrichment of cells that express CSCs markers (Tokar et al., 2010a, 2010b; Tokar et

al., 2017). The relevance of retinoid use in cancer treatment lies in CSCs differentiation
induction (Liu et al., 2010). In this sense, the potential cellular response to 9cRA can be
determined through associated genes expression with cell differentiation such as CD44,
CD133, SOX2, ABCG2, OCT4 and Notchl (Bushue and Wan, 2010; Kalantari et al., 2017;
Tokar et al., 2010a, 2010b). In this study RARP activation as a transcription factor through
the binding to 9cRA, was determined by measuring expression of typical SC markers,
SOX2, CD44 and CD133. Exposure of CASE-PE to PIC+9cRA, resulted in a significant
decrease in CD44, CD133 and SOX2 expression, reaching levels similar to RWPE-1 cells.
In contrast, As-CSC exposed to PIC+9cRA show no changes in relative expression of these
markers compared to no-transformed WPE-stem. These results strongly suggest that iAs-
transformed SCs are irresponsive to this treatment. Taken together, results in present study
show that epithelial prostate cell lines and SCs malignantly transformed /n vitro by iAs have

Toxicol Lett. Author manuscript; available in PMC 2021 October 10.
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decreased TLR3 basal expression and an impaired antitumor pathway based on induction of
RARP re-expression. These results also showed that treatments with PIC and 9cRA, tend

to increase RARP expression in heterogeneous cell line CASE-PE, but not so in As-CSC
cell line. These observations strongly suggest that iAs transformation has differential effects
in CAsSE-PE and As-CSCs cells, and further suggest that this transformation makes SCs
irresponsive to treatment based on TLR3 activation and cellular differentiation by induction
of RARP expression (Fig. 6). Mechanisms by which this happens remain to be elucidated,
however, it is suggested that events involving silencing of genes such as p53, which is

a key regulator of TLR3 expression, can play a central role in SC or CSC phenotype
development. This study contributes to establishing the basis for routinely identifying cases
of PCa associated with iAs exposure, to conduct studies to predict effectiveness of PIC +
RA treatments, like evaluation of TLR3 and RAR status. Additional studies are required
to determine mechanisms by which iAs decreases TLR3 expression, which would allow
identification of molecular targets to induce TLR3 and RARP re-expression in human
populations exposed to this metalloid.
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. As-CSCs are not responsive to TLR3 agonist PIC in combination with 9cRA.

. iAs-associated human PCa may be un-responsive to this immunotherapy.
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HIGHLIGHTS
. TLR3 activation through PIC plus the use of 9cRA is a proposed
immunotherapy for PCa.
. iAs-transformed prostate stem cells (As-CSCs) express significantly less
TLR3 than non-exposed parental cells (WPE-stem).
. As-CSC cells show an impaired basal TLR3-associated anti-tumor pathway.
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Fig. 1.

Relative expression of TLR3 in RWPE-1, CAsE-PE, WPE-Stem and As-CSC and post-
exposure to treatments. RWPE-1, CAsE-PE, WPE-Stem and As-CSC cells were treated
with 25 pg/mL of PIC for 24 h, with 10uM of 9cRA or their PIC+9cRA combination. The
expression was determined by WB analysis. Representative tables of RWPE and CAsSE-PE
were plotted in their untreated condition (NT), condition with PIC, condition with 9cRA
and its combination. A) TLR3 protein bands analyzed by WB. B) Densitometric analysis of
the relative expression of TLR3, with respect to p- Actin. n-3, *—p < 0.05 compared to its
control.
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Fig. 2.

Relative expression of miR-29c, -148b, -152 in RWPE-1, CAsSE-PE, WPE-Stem and As-
CSC cells. A) DNMT1 y DNMT3A expression with no treatment, in B) exposed to PIC

(25 pg/mL),in C) exposed to 9cRA (10uM), and in D) with PIC+9cRA. The results were
determined by expression analysis with 2"(~AACt) in triplicates and with respect to p- Actin
gene. Data with n-3, *-p < 0.05, **p < 0.025 compared to its control.
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Relative expression of DNMT1 and DNMT3A in RWPE-1, CAsSE-PE, WPE-Stem and

RWPE-1
CAsE-PE

As-CSC

As-CSC cells. A) DNMT1 y DNMT3A expression with no treatment, in B) exposed to PIC
(25 pg/mL),in C) exposed to 9cRA (10uM), and in D) with PIC+9cRA. The results were
determined by expression analysis with 2"(~AACt) in triplicates and with respect to p- Actin

gene. Data with n-3, *-p < 0.05, **p < 0.025 compared to its control.
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Fig. 4.

Relative basal expression of RARp in RWPE-1, CAsE-PE, WPE-Stem and As-CSC and
post-exposure to treatments. RWPE-1, CAsE-PE, WPE-Stem and As-CSC cells were treated
with 25 g/mL of PIC for 24 h, with 10 uM of 9cRA or their PIC+9cRA combination. The
expression was determined by WB analysis. Representative tables of RWPE and CAsSE-PE
were plotted in their untreated condition (NT), condition with PIC, condition with 9cRA and
its combination. A) RARp relative mRNA expression in RWPE-1 and CASE-PE B) RARB
Relative mRNA expression in WPE-Stem and As-CSC C) RAR protein bands analyzed by
WB D) Densitometric analysis of the relative expression of TLR3, with respect to p- Actin.
n-3, *-p < 0.05 compared to its control.
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Relative expression of CD44, CD133 and SOX2 in RWPE-1, CAsE-PE, WPE-Stem and
As-CSC with respect to p- Actin. RWPE-1, CASE-PE, WPE-Stem and As-CSC cells were
treated with 25 g/mL of PIC for 6 h, with 10 uM of 9cRA or its PIC+9cRA combination.

The expression was determined by expression analysis with

2" (-AACt). Representative

tables of RWPE-1, CAsSE-PE, WPE-Stem and As-CSC were plotted in their untreated
condition (NT), condition with PIC, condition with 9cRA and its combination. n-3, *—p

<0.05, **p < 0.025 compared to its control.
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Anti-tumor route related to the activation of TLR3 and its synergy with RAR, proposed
model for RWPE-1, CAsE-PE, WPE-Stem and As-CSC.
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