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ABSTRACT

We recently reported the caspase3-dependent cleavage of Par-4 resulting in the
accumulation of a 25kDa cleaved-Par-4 (cl-Par-4) fragment and we investigated in
the present study the mechanisms regulating this fragment using cl-Par-4-expressing
stable clones derived from ovarian and endometrial cancer cell lines.

Cl-Par-4 protein was weakly express in all stable clones despite constitutive
expression. However, upon cisplatin treatment, cl-Par-4 levels increased up to 50-
fold relative to baseline conditions. Treatment of stable clones with proteasome
and translation inhibitors revealed that cisplatin exposure might in fact protect cl-
Par-4 from proteasome-dependent degradation. PI3K and MAPK pathways were also
implicated as evidenced by an increase of cl-Par-4 in the presence of PI3K inhibitors
and a decrease using MAPK inhibitors. Finally using bioinformatics resources, we found
diverse datasets showing similar results to those we observed with the proteasome

and cl-Par-4 further supporting our data.

These new findings add to the complex mechanisms regulating Par-4 expression
and activity, and justify further studies addressing the biological significance of this
phenomenon in gynaecological cancer cells.

INTRODUCTION

In North America and Europe, gynaecological
cancer accounts for more than 1/10™ of cancer deaths
and new cases among women [1-3]. Ovarian cancer is
the fifth leading cause of cancer death among women
and is the gynaecological cancer causing the highest
mortality rate [1-5]. Endometrial cancer is the most
common gynaecological cancer with the highest rate of
new cases each year [1-3, 6]. One major hurdle among
feminine cancers is that advanced and recurrent cases
often come with acquired chemoresistance that drastically
reduces patient survival rates [5, 6]. New molecular targets
are thus required to eliminate recurrence and overcome
chemoresistant cancers.

Prostate apoptosis response-4 (Par-4) is one
potential therapeutic protein because of its unique ability
to induce apoptosis only in cancer cells in a selective
manner [7, 8]. Par-4 unique apoptotic ability is activated
by numerous complex mechanisms including the intrinsic

and extrinsic caspase pathways [8—10]. Based on the
human protein atlas, a considerably high level of Par-4
mRNA and protein can be found in both endometrium and
ovary tissue relative to other tissue types [11]. It has been
shown that Par-4 knock-out mice have a reduced lifespan
and more than 36% of the studied animals developed
endometrial cancer after only one year of living [12].
Nevertheless, except for a few studies, very little is known
about Par-4 in ovarian and endometrial tissues [13-21];
it is also interesting to note that half of the studies were
conducted in normal instead of cancer tissues [18-21]. The
role and regulation of Par-4 in ovarian and endometrial
malignancies thus warrants further investigation.

The functions and subcellular localization of Par-
4 is regulated by various mechanisms. First, Par-4 is
phosphorylated at Thr163 (Thr155 in rat) by PKA allowing
the protein to translocate to the nucleus and induce
apoptosis in cancer cells [22]. Localization plays a critical
role in Par-4 ability to induce apoptosis. Indeed, Par-4
needs to translocate to the nucleus, via its NLS2 domain,
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to activate the apoptotic cascade and phosphorylation by
PKA at Thr163 is a pre-requisite for this nuclear entry [8].
In the case of normal cells, they express a moderate to high
level of Par-4, however most of the protein is located in
the cytoplasm [11, 21, 23]. Par-4 also has a second site of
phosphorylation at Ser249 in rats which is phosphorylated
by AKT1 [24]. AKT1 can also bind and phosphorylates
Par-4 in human cells, however, the exact site of
phosphorylation in the human sequence of Par-4 has yet to
be experimentally confirmed. AKT1 binds directly on Par-
4’s leucine zipper domain and then phosphorylates Par-4
to maintain the protein in the cytoplasm leading to cancer
cells survival and inhibition of Par-4 apoptotic activity
[24]. In turn, Par-4 is also known to negatively regulate the
level/activity of AKT downstream targets such as NFkB
and XIAP [25-27]. Data from cbioportal.org indicates that
PI3K/AKT/PTEN pathway is more than often mutated
or amplified in endometrial (>90%) and ovarian cancers
(>55%), offering an advantage for cancer cell survival
[28, 29]. These high levels of alteration in the PI3K/AKT/
PTEN pathway indicate a potential issue for Par-4 activity,
because of AKT1 negative regulation, in endometrial and
ovarian cancers and are also known for being important
key protein related to the chemoresistance of the feminine
cancers [5, 6, 30-32]. Par-4 downregulation can also
increase the components of the PI3K/AKT pathway,
conferring resistance to chemotherapy to pancreatic cancer
cells [33]. While previous publications have hinted at the
crosstalk between the PI3K pathway and Par-4 dynamics,
very little mechanistic work has been made toward the
clarification of this relationship [24, 34].

In addition to phosphorylation, Par-4 is also
regulated by other post-translational mechanisms. Indeed,
a recent paper has shown that Par-4 can be ubiquitinated
via binding with Fbxo45 protein on its VASA domain
to decrease its protein level [35]. We also recently
discovered that Par-4 is cleaved by caspase-3 at D131
during apoptosis in many different cancer cells. This
cleavage consistently generates a 25kDa cleaved fragment
(cl-Par-4) that contains the nuclear localization sequence
(NLS2), the selective for apoptosis induction in cancer
cells domain (SAC) and the leucine zipper domains [14].
Most importantly, the accumulation of cl-Par-4 under
various apoptotic stimuli seems to be an important factor
related to the chemosensitivity of cancer cells and the
level of apoptosis observed. Nevertheless, beside a few
incidental reports in the literature [36—38], not much
is known about this cleaved fragment. Considering
the potential importance of this modification, further
exploration of the mechanisms related to this fragment
are required to better understand Par-4 functions. In this
study, we report for the first time that cl-Par-4 is regulated
by diverse post-translational mechanisms including the
proteasome and the PI3K/MAPK survival pathways in
both ovarian and endometrial cancer.

RESULTS

Par-4 is cleaved only in chemosensitive ovarian
and endometrial cancer cells during cisplatin
treatment

Par-4 possesses various domain including the
nuclear localization sequence (NLS1&2), the VASA
domain for ubiquitination by Fbxo45, the selective for
apoptosis in cancer cells domain (SAC) and a leucine
zipper domain (Figure 1A).

A characteristic to consider for cancer therapy is
the level of alteration the protein of interest possesses. In
the case of Par-4, the protein is scarcely ever suppressed,
nor mutated. Literature and data from cbioportal.org
indicates that less than 2.5% of all cancer cases have a
mutation or suppression of the Par-4 gene, excluding
melanoma. This rate is even lower (<1%) in ovarian and
endometrial cancers (Figure 1B) [28]. This low alteration
rate combined with the tumour suppressor characteristic
of Par-4 are favourable for consideration as a molecular
target for cancer therapy.

We have previously demonstrated that upon cisplatin
treatment, Par-4 is cleaved by caspase-3 at D132 and
subsequently generates a 25kDa fragment, probed with
Par-4 antibody, that we named cl-Par-4 (Figure 1A) [14].
We hence decided to evaluate if the same effect would
be observed in different ovarian (A2780, A2780CP) and
endometrial (Ishikawa, Hec-1a) cancer cells. Interestingly,
cl-Par-4 was present in a dose-dependent manner only
in chemosensitive cell lines (Ishikawa and A2780)
treated with cisplatin (Figure 1C). Indeed, no additional
band representing cl-Par-4 was visible at approximately
25kDa in the chemoresistant cell lines (Hec-la and
A2780CP) after cisplatin treatment (Figure 1C). These
findings indicate that cancer cells from both ovarian and
endometrial tissues can also cleave Par-4 and that the
chemoresistance status of the cell line plays a role in the
presence of cl-Par-4 upon cisplatin treatment.

Cleaved-Par-4 is stabilized by post-translational
mechanisms upon cisplatin treatment

To better explore the regulation of cl-Par-4 in
ovarian and endometrial cancer cells, we used a lentiviral
plasmid containing the cl-Par-4 sequence with the
addition of myc-tag and FLAG (DDK) at the 3’-end
(Figure 2A). Using this newly constructed lentiviral
plasmid, we infected both ovarian (A2780, A2780CP) and
endometrial (Ishikawa, Hec-1a) cancer cells, followed
by a five-day antibiotic selection to obtain stables clones
exhibiting constitutive cl-Par-4 expression (Figure 2B).
Intriguingly, a very high exposition was required to see
the protein levels of cl-Par-4 by Western blot indicating
the levels were relatively low considering the constitutive
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Figure 1: Summary of Par-4 protein

and its cleavage in ovarian and endometrial cancer cells upon cisplatin treatment.

A. Schematic of Par-4 domains including the caspase-3 cleavage site location. B. Histogram presenting the low level of alteration of
Par-4 gene (PAWR) occurring in various cancer cell lines. C. Ovarian cancer cell lines (A2780-A2780CP) and endometrial cancer cell
lines (Ishikawa and Hec-1a) were treated with 10-20uM Cisplatin for 24h. The level of Par-4 and its cleaved fragment were determined

in treated cells using western blot analysis.

experiments.

GAPDH was used as a loading control. Results shown are representative of three independent
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expression of the transgene. This weak expression was
observed in all four ovarian and endometrial cancer cell
lines, which indicated a potential negative regulatory
mechanism targeting the cl-Par-4 protein (Figure 2B). We
then treated all four cell lines expressing cl-Par-4 with
incremental doses of cisplatin (10-20uM) and witnessed
an unequivocal dose-dependent increase in cl-Par-4
levels (Figure 2C). The effect was also related to the
chemoresistance status of cell lines: chemosensitive cancer
cells exhibited a dramatic 50 fold increase in cl-Par-4

levels relative to baseline conditions, while chemoresistant
cancer cells showed a modest increase, with values for
fold change ranging from 2 to 5 (Figure 2C-2D). These
results are similar to those observed for endogenous cl-
Par-4 with regards to the chemoresistance status of cell
lines (Figure 1), but also reveal that cl-Par-4 accumulation
is not only the result of a caspase-3-dependent cleavage

and may also involve other regulatory mechanisms.
Finally, we treated Ishikawa with cisplatin at
different time points (2h, 6h and 24h) to determine if
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Figure 2: Cleaved-Par-4 protein is stabilized upon cisplatin treatment. A. Schematic of cl-Par-4 transgene and its domains for the
production of stable clones, used throughout the manuscript. B. Ovarian and endometrial cancer cells were stably transduced with cl-Par-4-myc
plasmid using lentiviral particles. C-D. Cl-Par-4 cancer cell lines were treated with 10-20uM Cisplatin for 24h. E. Ishikawa Cl-Par-4 cancer cell
lines were treated with 20pM Cisplatin for 2h, 6h or 24h. The protein level of cl-Par-4-myc was determined in treated cells using western blot
analysis. B-Actin or GAPDH were used as a loading control. Results shown are representative of three independent experiments. Results are mean
+ S.E.M. of three independent experiments. *=P<0.05; **=P<0.01 and ***=P<0.001 when compared with corresponding mock-treated cells.
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cl-Par-4 accumulation was detectable before 24h. The
results clearly show that cl.Par-4 levels are increased as
soon as 2h after treatment with 20uM cisplatin indicating
that this regulation is rapid and likely mediated by post-

Cleaved-Par-4 protein level is decreased by the

proteasome

Considering that full-length Par-4 is regulated

translational mechanisms (Figure 2E).

Cleaved-Par-4 subcellular localization in ovarian

and endometrial cancer cell lines

Since full-length Par-4 can be found in both the

by various post-translational mechanisms including
ubiquitination and proteasome-dependent degradation, we
assessed whether cl-Par-4 could be regulated in a similar
manner by treating ovarian and endometrial cancer cells
with a proteasome inhibitor, MG-132 (Figure 4A-4B).
MG-132 inhibits the degradation of ubiquitinated proteins

cytoplasm and nucleus of cancer cells, we questioned if
cl-Par-4 was also localized in both compartments and if
a translocation would occur upon cisplatin treatment to
increase the level of cl-Par-4 as previously observed.
Using subcellular fractionation and western blot, we
observed a pattern where cl-Par-4 was localized in both the
cytoplasm and nucleus in ovarian and endometrial cancer
cell lines in presence or absence of cisplatin (Figure 3A).
No apparent nuclear translocation occurred upon cisplatin
treatment. These results indicated that the localization

but is also known to be able to induce apoptosis [39, 40].
To prevent this undesired effect, we first used a standard
10uM dose of MG-132, but for a short period (2h) and
a considerable increase in cl-Par-4 levels was observed
(Figure 4A). An even more significant increase was
detected using a lower dose (2uM) for 24h (Figure 4B).

Subsequently,

we performed bioinformatics

analyses using online databases to verify if algorithms
could predict any potential ubiquitination sites (Figure

of cl-Par-4 was not implicated in the post-translational

regulation observed when using cisplatin.
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4C). First, we used the phosphosite plus database and
found a potential site at K333 located on leucine zipper
domain [41, 42]. Phosphosite plus supports this prediction
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Figure 3: Cleaved-Par-4 localization in ovarian and endometrial cancer cell lines. Cl-Par-4 cancer cell lines were treated with
20uM Cisplatin for 24h. A. Cytosolic/nuclear cell fractionation was done and the protein level of cl-Par-4-myc was determined in treated
cells using western blot analysis. GAPDH and PARP were used as cytosolic and nucleus loading control respectively. Results shown are

representative of three independent experiments.
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with six different manuscripts which predicted the K333
site using proteomic discovery-mode mass spectrometry,
thus strengthening the likelihood of a true ubiquitination
site [41, 42]. In parallel, we used three additional
bioinformatics tools (Ubiprober, Ubpred, BDM-PUB) and
identified 13 candidate ubiquitination sites, including the
K333 site previously predicted by discovery-mode mass
spectrometry (Table 1) [43—45]. By looking at the position
of each predicted site, we found that K185 and K188 are
located within the SAC domain while K305, K325, K329
and K333 are located within the leucine zipper domain
(Table 1) (Figure 4C). Altogether, these results suggest

that cl-Par-4 is ubiquitinated.

A. 10pM MG-132, 2h

Ubquitination and proteasome degradation often
plays a critical role in protein stability. Considering the
previous observations with the different compounds, we
wanted to know if they were related to the protein stability
of cl-Par-4. To determine whether cisplatin-induced cl-
Par-4 accumulation was solely the result of increased
protein stability or also the result of increased translation,
we treated ovarian and endometrial cancers cells with
cycloheximide, an inhibitor of protein biosynthesis, at
various time points alone or in combination with cisplatin
or MG-132 as a positive control (Figure 5). Firstly,
cl-Par-4 protein half-life was measured under normal
condition in both Ishikawa and Hec-1a cells and 1h30
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Figure 4: Proteasome negative regulation of cleaved-Par-4. A-B. Cl-Par-4 cancer cells were treated with either 10uM MG-132
for 2h or 2uM MG-132 for 24h. C. Schematic of cl-Par-4 transgene and the predicted ubiquitination sites from bioinformatic analysis.
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Table 1: Prediction of ubiquitination sites for cleaved-PAR-4

Position* Sequence Database ressource

136 EPDGVPE-K-GKSSGPS BDM-PUB; Ubpred; Ubiprober
138 DGVPEKG-K-SSGPSAR BDM-PUB; Ubpred; Ubiprober
185 EDDEAGQ-K-ERKREDA BDM-PUB; Ubpred

188 EAGQKER-K-REDAITQ BDM-PUB; Ubpred

227 RTVSGRY-K-STTSVSE BDM-PUB; Ubpred

270 VSSSTLE-K-KIEDLEK BDM-PUB; Ubpred

271 SSSTLEK-K-IEDLEKE BDM-PUB; Ubpred

277 KKIEDLE-K-EVVRERQ Ubpred; Ubiprober

296 LVRLMQD-K-EEMIGKL Ubpred; Ubiprober

304 EEMIGKL-K-EEIDLLN Ubpred; Ubiprober

325 EDENEQL-K-QENKTLL Ubpred; Ubiprober

329 EQLKQEN-K-TLLKVVG Ubpred; Ubiprober

333 QENKTLL-K-VVGQLTR BDM-PUB; Ubiprober; Phosphosite plus

Ubiquitination sites were predicted using four bioinformatics database (BDM-Pub; Ubpred; Ubiprober and Phosphosite
plus). 13 potential sites of ubiquitination were predicted considering they were provided by at least two bioinformatics
tools. The position indicated in the table is based on the full length of Par-4 sequence (NP_002574.2). All sites are located

on a Lysine (K).
*Position is based on full length Par-4 sequence

was approximately the time required after cycloheximide
addition to obtain 50% of remaining protein (Figure 5).
Combining cycloheximide with MG-132 abrogate cl-
Par-4 accumulation supporting the post-translational
stabilization of cl-Par-4 by the proteasome (Figure SA-
5B). In the presence of MG-132, half-life of cl-Par-4
significantly increased in Ishikawa cells (approximately
3h15) and not yet attained in Hec-la cells after 8h
treatment with cycloheximide (Figure 5B). Combining
cycloheximide with cisplatin did abrogate cl-Par-4
accumulation in a similar manner as observed with MG-
132 (Figure 5C). In both Ishikawa and Hec-1a cells, the
half-life of cl-Par-4 was similarly increased with MG-132,
as with cisplatin, hence supporting the post-translational
stabilization of cl-Par-4 upon cisplatin treatment (Figure
5A & 5C).

PI3K and MAPK pathways are involved in the
regulation of cleaved-Par-4 levels

We next investigated whether well-established
pro-survival PI3K and MAPK pathways in ovarian
and endometrial cancers could be involved in the post-
translational regulation of cl-Par-4.

We first looked at the PI3K pathway using the
common PI3K inhibitor Wortmannin at various doses and
observed a significant dose-dependent increase in cl-Par-4
protein levels (Figure 6A). We pursued experimentations

with the use of a clinical PI3K inhibitor, NVP-BEZ-235
that positively supported the previous results and
observed a significant increase of cl-Par-4, again in a
dose-dependent manner (Figure 6B). To further support
the role of PI3K signaling in the process, we used insulin
to activate the PI3K pathway and assessed whether this
would cause the down-regulation of cl-Par-4. In line with
our hypothesis, cl-PAR-4 level was decreased within 30
min of insulin treatment (Figure 6C). We also examined if
the increase of cl-Par-4 previously observed with cisplatin
treatments was PI3K-dependent. In order to answer this
question, we pre-treated cancer cells with NVP-BEZ235
to initially inhibit PI3K activity in cancer cells. Following
the pre-treatment, cancer cells were treated with 20uM
cisplatin for 24h. Combining both NVP-BEZ235 with
cisplatin increased cl-PAR-4 in a synergetic manner
in all three cancer cell lines indicating that the positive
regulation of cl-PAR-4 previously observed with cisplatin
alone was not solely PI3K-dependent (Figure 6D). Indeed,
if PI3K was solely responsible for the protein increase of
cl-Par-4 observed with cisplatin, the protein level when
comparing the pre-treatment with NVP-BEZ235 versus
its combination with cisplatin would not be significantly
different, which is not the case in our experiment. PI3K
inhibition, thus, contribute to the effect observed with
cisplatin but is not the only responsible protein.

AKT is one of the main downstream targets of PI3K
and we wondered if this protein was implicated in the
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regulation observed with PI3K inhibition and cl-Par-4.
To do so, we used three different pan-AKT inhibitors
(MK-2206, AZD5363 and Perifosine). Both MK-2206
and Perifosine inhibitors are known to strongly reduce
the phosphorylation level of AKT and its activity while
AZD5363 is known to inhibit the phosphorylation of
AKT downstream substrates [46—48]. The obtained results
suggest that inhibition of AKT activity does not regulate
cl-Par-4 as we observed with PI3K (Figure S1). Indeed, the

regulation observed with AKT inhibitors is the opposite
of what we previously observed with PI3K inhibitors.
Consequently, this indicate that PI3K downregulates cl-
Par-4, independently of AKT.

Next, we investigated the MAPK pathway using
U0126, an inhibitor of MEK 1 and MEK2 kinases. MAPK
inhibition caused the down-regulation of cl-Par-4 in both
ovarian and endometrial cancer cell lines (Figure 7A). We
observed similar effect with the MAPK pathway inhibitor
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Figure 5: Cleaved-Par-4 protein stability. A. Endometrial cl-Par-4 cancer cells were treated or not with either 2uM MG-132 or
20uM for 24h and 50pg/ml cycloheximide was added 1-8h before the end of treatment. The protein level of cl-Par-4-myc was determined
in treated cells using western blot analysis. GAPDH was used as a loading control. Results shown are representative of three independent
experiments. B. Graph representing cl-Par-4 protein stability when using cycloheximide in combination or not with MG-132. C. Graph
representing cl-Par-4 protein stability when using cycloheximide in combination or not with cisplatin. Results are mean + S.E.M. of three
independent experiments. ¥*=P<0.05, **=P<0.01 and ***=P<(0.001 when compared with corresponding mock-treated cells.
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PD98059 in Hec-la endometrial cancer cells (Figure In support of this, we found that MAPK inhibition led to
7B). These findings are the exact opposite of what we an increase in p-Akt (S473), a downstream target of PI3K
obtained with PI3K inhibitors, and could be explained by a in Hec-1a endometrial cancer cells (Figure 7C). Overall,
regulatory cross-talk between PI3K and MAPK pathways.
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Figure 6: PI3K pathway decreases cleaved-Par-4-myc protein. A. Cl-Par-4 cancer cells were treated with 10 or 15uM PI3K
inhibitor (Wortmannin) for 24h. B. Cl-Par-4 cancer cells were treated with 0,5 or 1uM clinical PI3K inhibitor (NVP-BEZ235) for 24h. C.
Endometrial cancers cells were treated with 10 or 20pug/mL of insulin to induce PI3K activity for 30 min. D. Cl-Par-4 cancer cells were
pre-treated with 0,5uM clinical PI3K inhibitor (NVP-BEZ235) for 24h followed by a 24h treatment of 20uM cisplatin. The levels of p-AKT
(Ser473), total AKT and cl-Par-4-myc were determined in treated cells using western blot analysis. GAPDH or -actin were used as loading
controls. Results shown are representative of three independent experiments.
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these results demonstrate that both the PI3K and MAPK
pathways can regulate cl-Par-4 differentially.

Integrating the signaling pathways responsible
for cleaved Par-4 regulation

In light of the results shown earlier in this study,
we posit that a complex signaling network, composed of
multiple regulatory elements, is capable of modulating
cleaved Par-4 levels. A schematic representation of
the findings of our study can be found in Figure 8A.
This cartoon clearly shows the intricate relationship
between multiple pathways and regulatory mechanisms,
all converging into the upregulation of the amount of
cl-Par4 found in the cell. Interestingly, by perusing
various databases and submitting them to bioinformatics
analyses, we uncovered novel similar conclusions in
other models [49]. MCF7 cells subjected to Bortezomib
treatment, a clinically used proteasome inhibitor, exhibited
significantly increased Par-4 expression; the same
experiment showed a sharp and significant decrease of
Par-4 expression following 17p-estradiol (E2) treatment

A.

(Figure 8B). A similar experiment from a different dataset
suggested the same effect on Par-4 (Figure 8C). Finally,
the knockdown of proteasome subunits PSMB3 and
PSMBS were shown to induce significantly increased Par-
4 expression in MCF7 cells (Figure 8D). Taken together,
these results suggest a complicated but certain relationship
between proteasome activity, E2 signaling and Par-4
expression.

DISCUSSION

Par-4 is known for being a complex protein
associated with multiple pro-apoptotic mechanisms and
regulated by several post-translational modifications
[9, 10]. Indeed, like previously introduced, Par-4
can be modified through various processes including
phosphorylation, ubiquitination and proteolytic cleavage.

In the present manuscript, we focused on the
~25kDa cleaved form of Par-4 which has been previously
reported as a product of Par-4 following its cleavage by
caspase-8 and caspase-3 under apoptotic stimuli [14, 37].
We found that in ovarian and endometrial cancer cells,

A2780 A2780CP Ishikawa Hec-1a
-cl.Par-4 -cl.Par-4 -cl.Par-4 -cl.Par-4
0 10 0 10 0 10 0 10 nM U0126
p-ERK 1/2
] - -— (Thr202/Tyr204)
[— | [ | | | | | GAPDH
el u u |*...| |__. — | Cl.Par-4-myc
— —— | | GAPDH
Hec-1a C. Hec-1a Hec-1a
-cl.Par-4 -cl.Par-4 -cl.Par-4
O 50  HMPD98059 0 10 uMUO0126 pM PD98059
pERK 2 :
e s | GAPDH E’ GAPDH [=== —=| GAPDH
— . Cl.Par-4-myc — e AKT E AKT
—— GaroH =] owon =] oM

Figure 7: MAPK pathway increases cleaved-Par-4 protein. A-C. Cl-Par-4 cancer cells were treated with either 10uM MAPK
inhibitor (U0126) or 50uM MAPK inhibitor (PD98059) for 24h. The levels of p-ERK 1/2 (Thr202/Tyr204), p-AKT (Ser473), AKT and
cl-Par-4-myc were determined in treated cells using western blot analysis. GAPDH was used as a loading control. Results shown are

representative of three independent experiments.
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cl-Par-4 undergoes rapid degradation by the proteasome
in baseline conditions but is stabilized upon cisplatin
treatment. Furthermore, we found out that PI3K and
MAPK pathways were involved in the regulation of cl-
Par-4 stability using different inhibitors.

We and others have shown that Par-4 is cleaved
by caspases 3-8 under apoptotic circumstances [14,
37]. As observed in the current findings, the cleavage
did not occur in chemoresistant cancer cells probably
because pro-caspases, which did not undergo cleavage,
are required to produce the cl-Par-4 fragment. However,
we also discovered an astonishing regulation of cl-Par-4,
independently of the full-length cleavage, when treated
with cisplatin. The regulation observed was dependent on
chemoresistance status, in both ovarian and endometrial
tissue, indicating that mechanisms of resistance also
play a role in stabilization of Par-4. This stabilization
observed with cisplatin could be related to the proteasome

considering we were able to stabilize the protein level
similarly and efficiently using either MG-132 or cisplatin
when used in combination with cycloheximide to inhibit
de novo protein synthesis. Cisplatin stabilizing different
proteins via a post-translational mechanism, just like we
observed with cl-Par-4, is not something new. Indeed, in
the literature, many papers report cisplatin to be implicated
in the stabilization of various proteins via the ubiquitin-
proteasome, a mechanism required to induce apoptosis
efficiently with cisplatin. Interestingly, mechanisms of
chemoresistance are also related to these proteins and their
ease of stabilization by cisplatin and the proteasome [50—
56]. Furthermore, we observed that Hec-1a seems to have
a lower level of cl-Par-4 protein localized in the nucleus
when compared with the other cell lines. This difference
does not seem to be major but could also be linked to the
high chemoresistance profile of the cancer cell line and the
possibility of regulation by the proteasome.
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Figure 8: Graphical representation of the proposed model and public data integration. A. The proposed model of regulation
regarding the cleaved fragment of Par-4. (B-D) Data from two independent dataset taken from a study from Prentzel et al. (PMID 21862633).
Relative Par-4 mRNA expression was used in all cases. B. The use of Bortezomib, a potent proteasome inhibitor, significantly increases Par-
4 expression in MCF7 cells while estradiol significantly reduces it. However, the use of both reverse the negative effect of estradiol (GEO
accession GDS4089). C. The use of estradiol in MCF7 cells significantly reduces Par-4 expression and Bortezomib treatment reverse this
effect (GEO accession GDS4090). D. The knockdown of PSMB3 and PSMBS5 (Proteasome subunits) induces a significant increase of Par-4
mRNA in MCF7 cells (GEO accession GDS4090). Results are mean + S.E.M. of three independent experiments and P<0.05.
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Localization of the Par-4 protein has been shown to
play an important role in its cellular functions. Actually,
various papers reported that the translocation of Par-4 to
the nucleus was needed to induce apoptosis and stimulate
the transcription of diverse genes [9, 57, 58]. Concerning
cl-Par-4, it was previously demonstrated that this product
was localized in both cytosol/nucleus with a modest trend
for nuclear enrichment [14, 37]. In the present study, we
showed that cl-Par-4 was localized in both compartments
with slight differences between the different cell lines
used. The observed localization from our experiments
could be related to tissue specificity (endometrial and
ovarian), whereas the other manuscripts investigated the
commonly used HeLa cervical cancer cells or HEK293
human embryonic kidney cells [14, 37]. It is also
interesting to note that in estrogen-dependent cancers
(ovarian and endometrium), other studies have shown Par-
4 being mainly localized in the cytoplasm [7].

Our results implicate proteasome degradation as
a major regulator of cl-Par-4 stability. This interaction
with the proteasome seems to play an important role
on the stability of the cleaved protein when looking at
the highly increased half-life of the protein when using
cycloheximide in combination with proteasome inhibitor,
MG-132. Interestingly, a recent study has shown that Par-4
is ubiquitinated by Fbxo45 leading to Par-4 proteasomal
degradation [35]. However, cl-Par-4 is devoid of this
ubiquitination site: the VASA-like region where Fbxo45
binds on Par-4 is located before amino acid 120, which
is upstream of the caspase-3 cleavage site at D131
(Figure 1A) [14]. To our knowledge, no other sites of
ubiquitination have been found in cl-Par-4.

Interaction of the PI3K pathway and Par-4 is
already reported in the literature. Indeed, AKTI, a
downstream target of PI3K, can bind and phosphorylate
Par-4 to inhibit its activity and prevent translocation to
the nucleus. Par-4 activity is also linked to PTEN tumor
suppressor activity since PTEN is a negative regulator
of the PI3K pathway [24]. Due to the high mutation rate
of PTEN in ovarian and endometrial cancers, PI3K is
unrestrained, leading to a high AKT1 phosphorylation
and subsequent inhibition of Par-4 activity which is
related to chemoresistance [28, 29, 59, 60]. In the case
of cl-Par-4, Wortmannin and NVP-BEZ235 inhibits PI3K
upstream and downstream targets should be considered.
We decided to check if AKT, one of the main target of
PI3K, was responsible for the regulation observed with
PI3K inhibitors and the results obtained showed that PI3K
downregulates cl-PAR-4 independently of AKT. PI3K can
regulate various proteins independently of AKT and one
possible candidate for the regulation observed with PI3K
could be PDK1 kinase and its downstream targets [61].
Par-4 has been shown to downregulate the kinase PDK1,
a protein upstream of AKT and downstream of PI3K
[62]. Through PDK1, independently of AKT, the proteins
SGKs can be regulated and are, in part, responsible for

cell survival, proliferation, and growth. SGKs can block
apoptosis by inhibiting FOXO proteins just like AKT
[61, 63—65]. FOXO3a have previously been observed
in relation with PAR-4 by allowing an increase of the
transcription of its gene (PAWR) and thus, allowing an
increase of apoptosis [66]. It is worth noting, however,
that these interactions have been associated with AKT and
transcription, which are not the case in our observations
here where we observed, instead, post-transcriptional
regulation and AKT independent regulation. Interestingly,
in our experiments, we are using the cleaved fragment
of PAR-4 in feminine cancer models. PKC is another
downstream target of PDK1, independent of AKT, which
could be responsible for the obtained results [64, 67].
Binding between PAR-4 and PKC zeta/lambda have
previously been observed in NIH-3T3 fibroblasts and
could also be related to our observations with the PI3k
inhibitors. The binding of PAR-4 with PKC inhibits the
pro-survival activities of theses kinases (PKC zeta and
lambda) and thus increasing PAR-4 pro-apoptotic activity
[68]. Cisplatin is known for being able to downregulate
PI3K downstream targets but resistance to this drug is
also caused in part by a downregulation of Par-4 and an
increase of the PI3K pathway [33, 71, 72]. Using PI3K
inhibitors to increase Par-4, leading to an increase of cl-
Par-4, in combination with a chemotherapeutic drug such
as cisplatin is an interesting avenue to overcome cancer
cells chemoresistance.

Par-4 expression is known for being down-regulated
by the Ras oncogene in different models [18, 73, 74].
Indeed, Ras can regulate many downstream targets
including Raf, which in turn is involved in the activation
of the MAPK pathway [18, 74]. It has been demonstrated
that inhibition of MAPK using different inhibitors,
including U0126, can restore PAR-4 protein level [18,
74]. Another article indicated a similar effect where
MCEF-7 breast cancer cells overexpressing Par-4 showed
a reduced level of phosphorylation for ERK 1/2 [75]. Ras
can also activate the PI3K pathway, however, studies have
shown that Ras regulation of Par-4 was not dependent on
this survival pathway [18, 74]. In the present study, we
observed a different effect where the cleaved fragment of
Par-4 was downregulated when using MAPK inhibitors.
Considering cl-Par-4 is a sub-product of the protein Par-4,
the mechanism of regulation could be slightly different.
The type of tissue, here ovary and endometrium, could
also influence the effect on cl-Par-4. In addition, inhibition
of the MAPK pathway can have an impact on the PI3K
pathway by regulating some of its targets such as p-AKT
and PDK1 [76, 77]. While inhibiting MAPK, we observed
an increase of p-AKT (S473) but a decrease of cl-Par-4;
PI3K inhibition, however, presented the opposite effect
with a sharp increase in cl-Par-4 and largely reduced
p-AKT. This suggest that a cross-talk between PI3K and
MAPK pathways could explain these opposite but possibly
intertwined effect [77].
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As introduced, not much has yet been studied
concerning Par-4 in endometrial and ovarian cancer
tissues. Endometrium and ovary are known for being
hormone-dependent tissues and, interestingly, hormones
have an important role in Par-4 regulation. Indeed,
as demonstrated by our analysis using bioinformatics
datasets, estradiol negatively regulates Par-4 mRNA
in MCF-7 breast cancer cell [49]. Another manuscript
also stated the same negative effect on Par-4 in MCF-7
breast cancer cells treated with estradiol [78]. Likewise
with the bioinformatics dataset, we also observed that the
negative effect of estradiol on Par-4 could be canceled
using a proteasome inhibitor, then leading to an increase
of Par-4 in a way similar to what we observed in the case
of cl-Par-4 throughout this manuscript in the context of
proteasome inhibition. Very interestingly, the knockdown
of proteasome subunits also yield a modest but significant
increase in Par-4 mRNA; these results, combined with
the results proposed in this study, show that proteasomal
degradation of Par-4 is only partly responsible for cl-Par-4
control. The fact that both protein and mRNA levels are
modulated through some form of proteasome regulation
suggest that a protein under the influence of proteasomal
degradation is capable of regulating Par-4 transcription.
Considering the high turnover of estrogen receptors and
the possible implication of the proteasome in regulating
estrogen receptor stability and activation, we find this
future avenue of research very compelling [79, 80].

Additionally, in prostate cancer, an androgen-
dependent tissue, it was demonstrated that Par-4 was
efficient for inducing apoptosis only in hormone-
independent cancer cells [7, 25]. Both androgen and
estrogen are known for being able to activate the PI3K
pathway [81, 82]. Following the logic of the previous
observation with estrogen in MCF-7 breast cancer cells, the
regulation observed with Par-4 could be PI3K-dependent.
Indeed, we observed a regulation of cl-Par-4 using PI3K
inhibitors. The hormones presents in our endometrial and
ovarian cancer models could be involved in the instability
of our protein, cl-Par-4, via the PI3K network. Considering
the vast amounts of mechanisms hormones are involved
with, it would be relevant to further investigate Par-4 and
cl-Par-4 functions in hormone-dependent cancer models
such as endometrial and ovarian cancers.

All these findings demonstrate undiscovered
regulation mechanisms of Par-4. The observed
mechanisms of regulation justify further studies addressing
the biological significance of Par-4 regulation in relation
to cancer chemosensitivity.

MATERIALS AND METHODS

Cell culture

Human endometrial cancer cell lines Ishikawa
and Hec-1a were kindly provided by Dr. Sylvie Mader

(Université de Montréal, Montréal, Canada); A2780 and
A2780CP (Cisplatin resistant) were kindly provided by Dr.
G. Peter Raaphorst (Ottawa regional cancer center, Ottawa,
Canada). Hec-1a cell line was maintained in McCoy’s SA
Medium containing 5% bovine growth serum and 50 pg/
ml gentamycin; Ishikawa, A2780 and A2780CP cell lines
were maintained in DMEM-F12 medium containing 2%
bovine growth serum and 50 pg/ml gentamycin. The cells
were maintained at 37°C with 5% CO,,.

Lentiviral transfection

Lentiviral particles were produced using the
lenti-X HTX packaging system and HEK-293T cells
from Clontech laboratories (Mountain View, CA, USA).
The cl-Par-4-myc-DDK plasmid was constructed from
a pLVX-puro backbone plasmid (Clontech laboratories,
Mountain View, CA, USA). The cl-Par-4 portion of the
plasmid was added using the InFusion cloning system
from Clontech (Mountain View, CA, USA). The cl-
Par-4 fragment also contains a myc-tag sequence as well
as a DDK (Flag) sequence at 3° -end. Ovarian cancer
cells (A2780 and A2780CP) and endometrial cancer
cells (Ishikawa and Hec-la) were then infected with
supernatant containing lentiviral particles of either empty
pLVX-puro or pLVX-cl-Par-4-myc-DDK plasmid for 24h.
Media was then replaced and cells were let to recover for
24h. Antibiotic selection of transduced cells were then
done using puromycin (0,75pg/ml for Hec-1a and 0,5ug/
ml for A2780, A2780CP and Ishikawa) for five days. The
whole pool containing the resistant cells were then used
for further experimentations.

Antibodies and reagents

All primary antibodies were obtained from Cell
Signaling Technology (Bervely, MA, USA) except for the
loading controls GAPDH (Abcam, Cambridge, MA, USA)
and B-actin (Sigma-Aldrich, St-Louis, MO, USA). Secondary
antibodies, HRP-conjugated goat anti-rabbit was from Bio-
Rad Laboratories (Mississauga, ON, Canada). Cisplatin,
17B-estradiol, Cycloheximide, Wortmannin, Insulin and
MG-132 were purchased from Sigma-Aldrich (St-Louis,
MO, USA), NVP-BEZ235 was purchased from Cayman
Chemical (Ann Arbor, MI, USA), MK-2206, Perifosine
and AZD5364 were purchased from Selleck Chemicals
(Houston, TX, USA), U0126 and PD98059 were purchased
from Cell Signaling Technology (Bervely, MA, USA).

Western blot

Treated cells were washed with PBS and submitted
to lysis in cold RIPA buffer containing protease and
phosphatase inhibitors (Roche Applied Science, Laval,
QC, Canada) followed by three freeze-thaw cycles.
Equal amounts of cell lysates, determined using Bio-
Rad DC protein assay (Mississauga, ON, Canada), were
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separated by SDS-Page polyacrylamide gels (8-15%)
and then transferred onto nitrocellulose membranes
(Bio-Rad, Mississauga, ON, Canada). Membranes were
blocked in 5% milk, PBS 1X, 0.06% Tween 20 for 1
h at room temperature, probed with primary antibody,
washed in PBS 1X, 0.06% Tween 20, and incubated with
horseradish peroxidase-conjugated secondary antibody
(Bio-Rad, Mississauga, ON, Canada). Detection was
performed using SuperSignal West Femto™ substrate
(Thermo Fisher Scientific, Nepean, ON, Canada), as
described by the manufacturer using UVP bioimaging
systems. Densitometry was done using either Quantity
One software version 4.6.9 (Bio-rad, Mississauga, ON,
Canada) or ImageJ software 1.50B [83].

Subcellular fractionation

NE-PER Nuclear and Cytoplasmic Extraction
Reagent (Thermo Fisher Scientific, Nepean, ON, Canada)
was used according to the manufacturer’s instructions.
Cytoplasmic proteins were collected using CERI&II
reagents while proteins from the nucleus were collected
using NER reagent. GAPDH was used as a loading/purity
control for cytoplasmic proteins while PARP was used for
nuclear proteins.

Statistical analyses

The data were subjected to one-way or two-way
analysis of variance (One-way/Two-way ANOVA) using
PRISM software (version 6.00; GraphPad, San Diego,
CA). Differences between experimental groups were
determined by the Tukey’s test. Statistical significance was
accepted when p < 0.05.
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