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ABSTRACT

Melanoma is one of the fastest growing cancers in the United States and is accompanied with a
poor prognosis owing to tumors being resistant to most therapies. Atypical protein kinase Cs (aPKC)
are involved in malignancy in many cancers. We previously reported that aPKCs play a key role in
melanoma’s cell motility by regulating cell signaling pathways which induce epithelial-
mesenchymal Transition (EMT). We tested three novel inhibitors; [4-(5-amino-4-carbamoylimidazol-
1-yl)-2,3-dihydroxycyclopentyl] methyl dihydrogen phosphate (ICA-1T) along with its nucleoside
analog 5-amino-1-((1R,2S,3S,4R)-2,3-dihydroxy-4-methylcyclopentyl)-1H-imidazole-4-carboxamide
(ICA-1S) which are specific to protein kinase C-iota (PKC-) and 8-hydroxy-1,3,6-
naphthalenetrisulfonic acid (¢-Stat) which is specific to PKC-zeta (PKC-¢) on cell proliferation,
apoptosis, migration and invasion of two malignant melanoma cell lines compared to normal
melanocytes. Molecular modeling was used to identify potential binding sites for the inhibitors and
to predict selectivity. Kinase assay showed >50% inhibition for specified targets beyond 5 uM for all
inhibitors. Both ICA-1 and ¢-Stat significantly reduced cell proliferation and induced apoptosis, while
ICA-1 also significantly reduced migration and melanoma cell invasion. PKC-¢ stimulated EMT via
TGFB/Par6/RhoA pathway and activated Vimentin by phosphorylation at S39. Both ICA-1 and ¢-Stat
downregulate TNF-« induced NF-«B translocation to the nucleus there by inducing apoptosis.
Results suggest that PKC- is involved in melanoma malignancy than PKC-¢. Inhibitors proved to be
effective under in-vitro conditions and need to be tested in-vivo for the validity as effective
therapeutics. Overall, results show that aPKCs are essential for melanoma progression and
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metastasis and that they could be used as effective therapeutic targets for malignant melanoma.

Introduction

Melanoma is a deadly skin cancer that develops in mela-
nocytes. The rates of melanoma have been rising for the
last 30 years. In 2017, 87,110 new melanoma cases and
nearly 10,000 related deaths were reported [1]. Most
available drugs target BRAF (V600E) mutation which
occurs in ~60% melanoma cases, yet melanoma has a
poor prognosis and tumors acquire resistance to BRAF
mutation inhibition [2]. Currently available and FDA
(U.S. Food and Drug Administration) approved combi-
nation therapies for advanced melanoma include dabra-
fenib + trametinib and vemurafenib + cobimetinib.
These may improve survival, but they also pose adverse
toxic effects [3,4]. The FDA approved only decarbazine
as a chemotherapeutic drug for melanoma which has
only 7-12% response rate [5].

We recently confirmed aPKCs as oncogenes and a
potential therapeutic target for metastatic melanoma [6,7].
PKC-t and PKC-¢ are overexpressed in melanoma cell
lines compared to undetectable levels of PKC-t and very
low levels of PKC-¢ in normal melanocytes. We have also
reported that aPKC inhibition may increase the level of E-
cadherin and decrease the level of Vimentin suggesting
that aPKC inhibition could slowdown EMT in melanoma.
But the specific roles of PKC-t and PKC-¢ have not been
identified [6]. Selzer, et al. also reported that PKC-1 may
play a role in cellular malignancy owing to its association
with transform phenotypes of human melanoma both in-
vivo and in-vitro [8]. In addition, PKC-t and PKC-¢ are
involved in tumorigenesis, progression and survival of
many cancers. More specifically, PKC-: is involved in
rapid cell proliferation of human glioma cells, lung cancer
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cells and neuroblastoma cells while PKC-¢ plays a role in
malignancy of prostate cancer cells [9-12].

Our previous work on melanoma reported that
aPKCs inhibition or knockdown of its expression could
significantly induce apoptosis, reduce migration and
invasion. Notably, we found increases in NF-xB p65
levels upon inhibition of aPKCs, which we posited due
to upstream signaling for NF-«B translocation. NF-«B
translocation appears to be blocked upon inhibition of
aPKCs, resulting in further NF-«B accumulation in the
cytoplasm [6].

PKC-t was first considered as a novel therapeutic tar-
get by Stallings-Mann, et al. in 2006. They screened auro-
thiomalate as a potent inhibitor of the interaction
between PB1 domain of PKC-¢ and Par6 [13]. Half maxi-
mal inhibitory concentration (ICs,) of aurothimalate
ranged from 0.3-100 uM and indicated that some cell
lines are insensitive (i.e. H460 and A549 lung cancer
cells) to the inhibitor [10]. Aurothiomalate has the
potential risk of developing gold toxicity even with low
levels of the inhibitor, which is a common problem with
gold therapy in rheumatoid arthritis [14]. ICA-1T analog
was reported by Pillai, et al. as novel potential inhibitor
for PKC-t in neuroblastoma cells in 2011 which demon-
strated ICso as 0.1 uM which was 1000 times less than
aurothimalate IC5, on BE(2)-C neuroblastoma cells [11].

Vimentin is a type of intermediate filament and a
highly dynamic structure that is essential for organizing
actin and tubulin systems, changing cell polarity, and
thereby changing cell motility and regulating cell signal-
ing. Moreover, Vimentin plays a very important role in
gaining rear-to-front polarity for mesenchymal cells,
making it a hallmark of EMT. Vimentin phosphorylation
regulates integrins which are needed for proper cell
adhesion and invasion of cancer cells [15]. During acti-
vation, Vimentin’s tail region binds to head region,
resulting in phosphorylation at S39, leading to an
increase in cancer cell motility and invasion (both in-
vitro and in-vivo). Phosphorylation at S39 on Vimentin
therefore indicates its activation. AKT and PKC-¢ are
known to activate Vimentin [15-17].

In the present study, we report the effects of a novel
PKC-¢ specific inhibitor ¢-Stat and PKC-: specific inhibi-
tor ICA-1S on cell proliferation, apoptosis, migration
and invasion on metastatic melanoma cells and normal
melanocytes in comparison to ICA-1T. We place empha-
sis on determining the roles of aPKCs in melanoma cell
signaling related to metastasis and report virtual screen-
ing of these inhibitors to identify their specific binding to
the said proteins. When ICA-1T was first presented,
PKC-t crystal structure was not available, therefore a
homology model was used [11]. In the present study, we
used the PKC-t crystal structure thereby increased the

accuracy of computational predictions. However, a
SWISS-MODEL of PKC-¢ was used owing to the
unavailability of the PKC-¢ crystal structure. Specificity
of ¢-Stat is therefore heavily justified by experimental
data. Here, we report that PKC-t activates Vimentin
intermediate assembly during EMT and it could possibly
regulate the expression of Vimentin. We also report that
both aPKCs induce cell survival via the AKT/NF-«B
pathway and PKC-¢ induces cell migration and invasion
via the Par6/RhoA and Smad 2/3 pathways. We also con-
ducted tests to determine if TGFS and TNF-« stimulate
the above pathways and found that TNF-« increased the
levels of both PKC-t and PKC-¢ and thereby increased
the translocation of activated NF-«B complex to the
nucleus. TGFS stimulation significantly increased the
levels of PKC-: and Vimentin and thereby induced EMT
in melanoma cells.

Results

Specific binding of ICA-1S, ICA-1T and ¢-Stat to PKC-
and PKC-¢ allosteric binding pockets

Molecular docking of ICA-1T, ICA-1S, and ¢-Stat
(Figures 1A, 1B & 1C) to structures of PKC-: identified
an allosteric binding pocket (Figures 1D & 1E). The
pocket, located within the C-lobe of the kinase domain,
is framed by solvent exposed residues of helices aF-al
and the activation segment [18]. The pocket is primarily
composed of residues conserved between PKC-t and
PKC-¢. Presence of this pocket was validated by Pillai,
et al. using several biochemical assays [11]. As a means
of determining whether ATP influences the drug bind-
ing, we compared molecular docking scores using struc-
tures of the ATP bound and unbound forms of PKC-t.
Molecular docking, using AutoDock Vina, suggested
that the ICA-1S and ICA-1T have the potential to inter-
act with PKC-¢ in the presence and absence of ATP
with high affinities (Table in Figure 1, part F).

Specific activities of ICA-1S, ICA-1T and -Stat
on PKC-. and PKC-¢

There is 70% similarity between the primary structures
of PKC-t and PKC-¢ catalytic domains, so it was essen-
tial to determine the specificity of inhibitors [19]. The
specificity of ICA-1T was previously reported as inhibit-
ing only PKC-t without affecting other PKC isoforms
[11]. In this case, we report for the first time that nucle-
oside analog (ICA-1S) also shows a significant specific-
ity towards the same allosteric site of PKC-i.
Additionally, kinase activity shows that ¢-Stat is specific
to PKC-¢ only which proves the molecular docking
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Figure 1. Inhibitor structures, molecular docking and kinase activity. Fig. 1A, 1B and 1C represent molecular structures of ICA-1T (MW
= 336.24 g/mol), ICA-1S (MW = 256.26 g/mol) and ¢-Stat (MW = 384.34 g/mol), respectively. Fig. 1D shows the molecular surface of
PKC-t bound to ATP (3A8W) with docked ICA-1T. The molecular surface of residues that differ between PKC-t and PKC-¢ are colored
based on sequence similarity (using the Blosum62 scoring matrix). Blosum62 similarity values are: blue, 40-50, cyan, 50-60, green,
60-70, yellow, 70-90, orange and 90-100, red. Residues that are identical between PKC-: and PKC-¢ are colored red. ATP is depicted
as sticks with yellow for carbon, red for oxygen, blue for nitrogen. ICA-1T is depicted as sticks colored by element with white, red,
and blue representing carbon, oxygen, and nitrogen respectively. Fig. 1E shows 3 enlarged pictures of lowest energy docking confor-
mations of ICA-1T, ICA-1S, and ¢-Stat docked in the identified allosteric docking sites. Table in Fig. 1F is a summary of molecular
docking scores (AG®) in kcal/mol for 3 inhibitors against PKC-t and PKC-¢ with and without ATP. Fig. 1G represent the effect of ICA-
1T, ICA-1S and ¢-Stat on PKC-t and PKC-¢ activity. Recombinant active PKC-¢ or PKC-t were incubated with MBP in the presence or
absence of inhibitors (0.1- 20 M) and percentage kinase activity was plotted against inhibitor concentration. N = 3 experiments
were performed for each experiment and mean =+ SD are plotted. Statistical significance is indicated by asterisks as **P < 0.01.

predictions even though it used a homology model for
PKC-¢. We conducted kinase activity assay (in-vitro) of
ICA-1S, ICA-IT and ¢-Stat to confirm our virtual
screening data. Kinase activities of inhibitors
(Figure 1G) were determined for a series of concentra-

Both ICA-1S and ICA-1T showed a significant inhibi-
tion on PKC-t >60% (P < 0.05) but resulting only
~10% inhibition on PKC-¢. ¢-Stat showed only 13%
inhibition on PKC-t at 20 uM, but showed a significant
inhibition on PKC-¢ as 51% (P < 0.05) at 5 uM level.

tions (0.1- 20 uM) using recombinant active PKC-¢ or
PKC-¢ in the presence of MBP. The findings supports
virtual screening data obtained for all three compounds.

This confirms the specificities we found for ICA-1T and
ICA-1S on PKC-t and the ¢-Stat specificity on PKC-¢
through virtual screening.
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Inhibitor dose response curves show significant
effects on malignant cell lines

We generated dose curves for inhibitors to investigate
effects on cell proliferation of normal and malignant cell
lines over a wide range of concentrations. ICA-1T showed
no significant effect on MEL-F-NEO (Figure 2A) until up
to 5 uM, but it showed maximum inhibition as 22% (P <
0.05) at 10 uM. Both ICA-1S and ¢-Stat showed significant
inhibitions on MEL-F-NEO cells beyond 7.5 uM (P <

0.05) as 37.7% (P < 0.05) and 19.3% (P < 0.05) at 10 uM,
respectively. All inhibitors significantly decreased cell prolif-
eration of SK-MEL-2 and MeWo upon increasing the con-
centrations. ICA-1T decreased proliferation by 53.1% for
1 uM (P < 0.01) in SK-MEL-2 cells (Figure 2B) while
56.1% for 1 uM (P < 0.01) in MeWo cells (Figure 2C).
ICA-1S decreased proliferation by 46% for 2.5 uM (P <
0.01) in SK-MEL-2 cells (Figure 2B) and 50.7% for 2.5 uM
(P < 0.01) for MeWo cells (Figure 2C). ¢-Stat decreased
proliferation by 47.7% for 5 uM (P < 0.01) in SK-MEL-2

A B
Dose response of MEL-F-NEO cells BICA-IT Dose response of SK-MEL-2 cells BICA-1T
(2 o mICA-1S
) mICA-1S 5
< B ¢-Stat s @ (-Stat
g 105000 e g i
Sa £x* v ¥ £ 180000 N ., *
S & k= * *
=3 0908 = &'120000 el o r@ e
2.
8- 35000 8_ 60000 .
ORI S \
S NI SIS & Q&“\ o> & \\“\ 5$ 5@ @?\ Q$
(@, \Q g) N ¢o \Q ‘)Q o A~ N
Inhibitor concentranon Inhibitor concentration
C mICA-IT D
«  Doseresponse of MeWo cells BICA-1S
. £ WST-1 assay of MEL-F-NEO cells
B @ (-Stat c
5 400000 . a
-2 @ 300000 5 % * . b
c * o * & g
S S 200000 i | S T Q
& : :
g 100000 8
— 0 Q
3 2
ORI -
Cf’Q \@ 5 ¥ 5 B 4B Time (h)
Inhibitor concentratlon —+Control ~ +(-Stat ~—=ICA-1S  --ICA-IT
F
c WST-1 Assay of SK-MEL-2 cells WST-1 assay of MeWo cells
£45 £
[ =
2 =12
Q35 5 :
825 208
8 , § .
g 154 204
E £
g " 0 1 4 5 6 10 2 0
< : = o 1 2 3 4 5 6 7 8 9 10
Time (h) < Time (h)
—-+Control ~ +-(-Stat ~ =ICA-1S  =ICA-IT ~+Control ~ +(-Stat ~—=ICA-1S  +ICA-1T

Figure 2 . The effects of aPKC inhibitors (ICA-1T, ICA-1S and ¢-stat) on cell proliferation, cell viability and cytotoxicity for melanoma and
normal melanocyte cells. Results depict the effect of inhibitors on MEL-F-NEO (Fig. 2A), SK-MEL-2 (Fig. 2B) and MeWo (Fig. 2C) cell prolif-
eration based on cell proliferation assay. Approximately 4 x 10* were cultured in T25 flasks and treated with either equal volume of
sterile water (control) or inhibitors (0.1- 10 ©M). Additional doses of sterile water or inhibitors were supplied every 24 h during a 3 day
incubation period. Subsequently, cells were lifted and counted. Cytotoxicity of aPKC inhibitors was measured using WST-1 assay for
MEL-F-NEO (Fig. 2D), SK-MEL-2 (Fig. 2E) and MeWo (Fig. 2F) cells. The absorbance at 450 nm is due to production of water soluble for-
mazan and was measured as a function of time. The absorbance is directly proportional to the number of cells. Experimental concentra-
tions in WST-1 assay for ICA-1T, ICA-1S and ¢-Stat were 1 uM, 2.5 uM and 5 uM, respectively for all three cell lines. The absorbance at
450 nm against time is plotted. Experiments (N = 3) were performed for each cell line and mean =+ SD are plotted. Statistical significance

is indicated by asterisk as *P < 0.05 and **P < 0.01.



cells (Figure 2B) and by 50.6% for 5 uM (P < 0.01) for
MeWo cells (Figure 2C). Such results suggest inhibitors can
effectively decrease cell population without a significant
effect on normal melanocytes at the ICs, values obtained
for inhibitors. ICs, values of ICA-1T, ICA-1S and ¢-Stat
were found as approximately 1 uM, 2.5 uM and 5 uM,
respectively for both cell lines. Later, we used these concen-
trations in experiments as the testing concentrations.

WST-1 assay for cell viability and cytotoxicity shows
inhibitors are cytostatic

To determine the in-vitro cytotoxicity of ICA-1T, ICA-1S
and ¢-Stat on normal and malignant cell lines, we per-
formed a WST-1 assay. The measured absorbance at
450 nm is directly proportional to the number of viable
cells present which produce a water-soluble formazan
with WST-1 as a result of their mitochondrial dehydroge-
nase activity. None of the inhibitors showed significant
cytotoxicity on normal melanocytes (Figure 2D). ICA-1T
showed a significant cytotoxicity (P < 0.05) on both mela-
noma cells followed by ICA-18S. ¢-Stat did not show signif-
icant cytotoxicity on both cell lines (Figures 2E and 2F).
Results indicate that inhibitors appeared cytostatic more
than being cytotoxic during the tested time range, thereby
retarding melanoma cell growth and proliferation.

Wound healing assay shows PKC-. inhibition
decreases melanoma cell migration

Wound healing assay was performed to investigate the
effect of inhibitors on melanoma cell migration in-vitro.
Photographs for each cell line were compared as “day 0”
(starting point) and “day 3” for both melanoma cell lines
(Figure 3A). Moreover, the areas of the scratch (wound)
were calculated and compared with respective controls to
determine the statistical significance of wound closure for
inhibitor treatments (Figure 3B). Compared to 80%
wound closure in SK-MEL-2 control, inhibitor treated
samples showed fewer wound closures as 28% (P < 0.01)
for ICA-1T at 1 uM, 33% (P < 0.01) for ICA-1S at
2.5 uM and 53% (P < 0.05) ¢-Stat at 5 uM. Compared to
66% wound closure in MeWo control, inhibitor treated
samples were 26% (P < 0.01) for ICA-1T at 1 uM, 32% (P
< 0.01) for ICA-1S at 2.5 uM and 54% (P < 0.05) ¢-Stat
at 5 uM. Results suggested ICA-1 is more effective in
reducing cell migration in-vitro compared to ¢-Stat.

BME invasion assay shows PKC-. inhibition decreases
melanoma cell invasion

BME invasion assay was performed to investigate the
effects of ICA-1S, ICA-1T and ¢-Stat on melanoma cell
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invasion in-vitro. Invaded cells adhered on the bottom
surface of transwell inserts were stained with crystal vio-
let and photographs were taken in randomly chosen
fields as the visual representation of the invasion assay
(Figure 3C). Crystal violet stained invaded cells were dis-
solved in 70% ethanol in the bottom chamber and absor-
bance was measured at 590 nm which is proportional to
the number of invaded cells (Figure 3D). ICA-1T and
ICA-1S significantly (P < 0.01) reduced invasion by 55%
and 43% in SK-MEL-2 cells and by 48% and 44% in
MeWo cells, respectively. Interestingly, ¢-Stat did not
show a significant effect on decreasing melanoma cell
invasion.

Effects of inhibitors on aPKC expression, apoptosis
and EMT signaling of melanoma reveal PKC-.
upregulates EMT

We previously reported that PKC-: and Vimentin were
not detected in normal melanocytes compared to higher
levels in melanoma cells [6,7]. As shown in Figure 4A,
Western blots revealed that both ICA-1T and ICA-1S
significantly reduced total and phosphorylated PKC-¢
while having no effect on PKC-¢. {-Stat showed a signifi-
cant diminution of phosphorylated and total PKC-¢ lev-
els. Since all inhibitors significantly reduce melanoma
cell proliferation, we tested the potential of the inhibitors
on inducing the apoptosis. Caspase-3 and cleaved-PARP
levels were significantly increased and Bcl-2 and PARP
levels were significantly diminished upon inhibitor treat-
ments. We have also investigated the effects of aPKC
inhibition on EMT signaling and how cascades such as
Wnt/B-catenin, NF-«B, AKT are affected by aPKC inhi-
bition during EMT stimulation. We tested the levels of
B-catenin, phosphorylated PTEN (S380), phosphorylated
AKT (S473), IKBa and phosphorylated IKBe, phosphor-
ylated IKKa/B (S176/180), NF-«B p65 in cytoplasm and
in nucleus, E-cadherin, phosphorylated Vimentin (S39),
Par6 and RhoA. S-catenin levels did not change signifi-
cantly while phospho PTEN, phospho AKT, phospho
IKBa, phospho IKKe/B and nucleic NF-«B p65 signifi-
cantly decreased and levels of IKB« and cytoplasmic NF-
kB p65 significantly increased as a result of the three
inhibitors.

Inhibition of PKC-¢ using ¢-Stat showed no signifi-
cant effect on E-cadherin, Vimentin and phospho-
Vimentin or Par6 and RhoA. Conversely, ICA-1T and
ICA-1S inhibition on PKC-: resulted in a significant
increase of E-cadherin and RhoA while significantly
decreasing Vimentin, phospho-Vimentin and Par6.

We have also tested the effects of TNF-« and TGFp
stimulation on aPKC expression. As shown in Figure 5A,
we found that protein levels and the degree of
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Figure 3. Inhibitors decrease melanoma cell migration and invasion. Fig. 3A and 3B represent the effect of aPKC inhibitors (2.5 uM of
ICA-1S, 1 uM of ICA-1T and 5 uM of ¢-Stat) on melanoma cell migration in wound healing assay and Fig. 3C and 3D represent the effect
of inhibitors on melanoma cell invasion in Boyden chamber assay with basement extract (BME). In the wound healing assay, microscopic
photographs (40 x) of scratches on cells at the beginning (day 0) were compared with the photographs taken after 3 days. The effect of
inhibitors are shown (Fig. 3A) compared to their controls. Experiments (N = 3) were performed for each cell line and randomly picked
photographs are shown. Fig. 3B represents a comparison of calculated percent wound closure for the photographs taken using Image)J
(NIH, Rockville, MD, USA). For Boyden chamber assay (Fig. 3C), invaded cells in the bottom surface of transwell insert were stained with
0.5% crystal violet and microscopic pictures were taken (100 x). Subsequently, crystal violet was dissolved in 70% ethanol and absor-
bance was measured at 590 nm which directly proportional to the number of invaded cells. Mean + SD are plotted. Statistical signifi-

cance is indicated by asterisk as **P < 0.01.

phosphorylation significantly increased for both aPKCs
in the presence of TNF-a and TGEp, thereby signifi-
cantly heightening phosphorylation on PTEN (S380),
AKT (S473), IKKa/B (S176/180), IKBa (S32) and
Vimentin (S39) which resulted in enhancing Bcl-2, NF-
kB translocation and degradation of E-cadherin and
RhoA. All values (percent) were calculated compared to
their respective controls in Western blots (Figure 4B and
5B; densitometry analysis) and significance was indicated
as P < 0.05. B-actin was used as the internal control to
ensure equal amounts of proteins were loaded in each
lane in the SDS-PAGE.

Immunoprecipitation, immunofluorescence
microscopy and qPCR experiments confirm
the activation of Vimentin by PKC-.

We previously suggested that PKC-: associates with
Vimentin, but Vimentin showed no association with

PKC-¢. Its association with Vimentin was confirmed
with immunoprecipitation of PKC-t and Vimentin
[6]. Figure 6A shows that siRNA knockdown of PKC-
¢ confirmed the association with Vimentin by signifi-
cantly abating the total Vimentin and phosphorylated
Vimentin while increasing E-cadherin. PKC-¢ knock-
down showed no effect on those proteins. Interest-
ingly, silencing both PKC-t and PKC-¢ did show a
significant effect on NF-«B translocation by diminish-
ing the level of NF-«B p65. Previous reports
highlighted that both aPKCs associate with Par6 to
make aPKC/Par complex [20,21]. Here, we immuno-
precipitated Par6 and immunoblotted for both PKC-
and PKC-{ as shown in Figure 6B. Immunoblots
revealed that only PKC-: associate with Par6 in both
melanoma cell lines. Reverse immunoprecipitation of
PKC-t confirmed the band obtained for Par6, thereby
also confirming the association between PKC-t and
Par6 (Figure 6B).
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Figure 4. Effect of inhibitors (ICA-1S, ICA-1T and ¢-Stat) on aPKC expression, apoptosis, and signaling pathways related to EMT in mela-
noma cells. Expression of the protein levels of phosphorylated PKC-, total PKC-¢, phosphorylated PKC-¢, total PKC-¢, Caspase-3, cleaved
PARP, total PARP, Bcl-2, B-catenin, Vimentin, phosphorylated Vimentin, Par6, phosphorylated PTEN, RhoA, E-cadherin, phosphorylated

AKT and NF-«B p65, lkB, phosphorylated 1xB and phosphorylated

IKKa/ B8 for the inhibitor treatments (2.5 uM of ICA-1S, 1 uM of ICA-1T

and 5 M of ¢-Stat) are shown in Fig. 4A. 40-80 w.g of protein was loaded in to each well and B-actin was used as the loading control
in each Western blot. Fig. 4B represents the densitometry values for Western blots in Fig. 4A. Experiments (N = 3) were performed in

each trial and representative bands are shown.

Figure 6C shows that immunofluorescence staining
also confirmed the association of PKC-t and Vimentin
depicting both proteins distributed throughout the cyto-
plasm. ICA-1T treated cells showed lesser of those pro-
teins (lighter in staining) compared to controls. Inhibitor
treatments for both cell lines also decreased the nuclei
and overall cell sizes. In the controls of both cells, the
invasive characteristics such as formation of lamellipo-
dia, filopodia and invadopodia are observable clearly
whereas ICA-1T treated cells showed less of such
features.

As Figure 7 demonstrates, QPCR data revealed that
PKC-: mRNA levels decreased upon having been treated
with ICA-1T and ICA-1S, by approximately 50% in SK-
MEL-2 cells and 30% in MeWo cells (Figures 7A and 7E,

respectively). There was no significant difference
observed between the inhibition of PKC- ¢ by ICA-1T
and ICA-1S. Vimentin mRNA levels decreased by
approximately 50% in SK-MEL-2 cells (Figure 7C) when
treated with either PKC-¢ inhibitor. Vimentin mRNA
levels had no significant changes in MeWo cells treated
with either ICA-1T or ICA-1S (Figure 7G). ¢-Stat treat-
ments had no significant effect on Vimentin mRNA lev-
els in either cell line.

Discussion

We were able to confirm the presence of a potentially
druggable allosteric site in the structure of PKC-t using
solved crystal structure of PKC-:. This site was identified
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Figure 5. Effect of TNF-« and TGF 8 on aPKC expression, apoptosis, and signaling pathways related to EMT in melanoma cells. Expression
of the protein levels of phosphorylated PKC-¢, total PKC-¢, phosphorylated PKC-¢, total PKC-¢, Caspase-3, cleaved PARP, total PARP, Bcl-2,
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40-80 g of protein was loaded in to each well and B-actin was used as the loading control in each Western blot. Fig. 5B represents
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shown.

using a PKC-t homology model by Pillai, et al [11]. This
site, within the C-lobe of the kinase domain, is framed
by solvent exposed residues of helices aF-oI and the acti-
vation segment. PKC-¢ inhibitors were predicted to inter-
act with this site with moderate affinity based on
molecular docking. Combinations of drugs targeting the
ATP binding site and allosteric sites would be expected
to more effectively inhibit cancer cell growth.

It was essential to determine the cytotoxicity of the
inhibitors to establish the therapeutic potential of the
inhibitors. All three inhibitors were non-toxic to normal
melanocytes, and showed an insignificant effect on

proliferation and viability at the ICs, used for two mela-
noma cell lines. On the other hand, the three inhibitors
showed more cytostatic properties on melanoma cells
with a mild toxicity provided by ICA-1T and ICA-1S at
their IC5, values. The results show that inhibitors are
effective in arresting malignant melanoma cells in terms
of their growth, differentiation and proliferation before
they induce apoptosis. This confirms that malignant mela-
noma cells are highly dependent on aPKCs to remain via-
ble, supporting our previous data that both melanoma cell
lines overexpress aPKCs compared to the undetectable
PKC-¢ and low levels of PKC-¢ in MEL-F-NEO cells [6].
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Overexpression of aPKCs is often associated with
anti-apoptotic effects in many cancers. Reduction in the
total protein levels, as well as the phosphorylated levels,
were observed for PKC-t in ICA-1T and ICA-1S

treatments whereas for PKC-¢ in ¢-Stat treatments. An
increase in Caspase-3 and PARP cleavage, and a decrease
in Bcl-2 all indicate apoptosis stimulation upon inhibi-
tion of both PKC-t and PKC-¢ (Figures 4A and 4B). One
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major anti-apoptotic pathway is PI3K/AKT mediated
NF-«B activation, wherein aPKCs play a role in releasing
NF-«B to translocate to the nucleus and promote cell
survival. PI3K stimulates IKKo/f through activation of
AKT by phosphorylation at S473, which ultimately stim-
ulates translocation of NF-«B complex into the nucleus,
boosting cell survival [22]. PTEN regulates the levels of
PI3K. Phosphorylation at S380 leads to the inactivation
of PTEN, thereby increasing the levels of PI3K followed
by enhancement in phospho-AKT. Inhibition of PKC-
and PKC-¢ significantly decreased the levels of phospho-
PTEN and phospho-AKT but we still found increases in
NEF-«B p65 levels in the cytosol after inhibiting both
aPKCs. This may seem illogical, but previous studies
have shown that expression of NF-xB p65 has a corre-
sponding increase in I«B, resulting in an auto-regulatory
loop [22]. Moreover, negative feedback is not inhibiting
upstream signaling for NF-«B translocation because
translocation has been inhibited downstream, resulting
in more NF-«B production. Knowing this, we tested the
levels of NF-«B translocation by separating the nuclear
extracts from the cell lysates and found that NF-«B levels
in the nuclei decreased upon aPKC inhibition. This sug-
gested that translocation of activated NF-«B in to nuclei
is inhibited as a result of inhibition of aPKCs. We also
found that aPKC inhibition increased the levels of IxB
while decreasing the levels of phospho-I«B (S32) and
phospho-IKK«/B (S176/180), confirming that both
PKC-t and PKC-¢ play a role in phosphorylation of
IKKa/B and I«B: increased levels of I«B therefore remain
bound to NF-«kB complex and prevent the translocation
to the nucleus to promote cell survival (Figure 8). We
also tested the effects of TNF-o stimulation on the
expression of aPKCs (Figures 5A and 5B). TNF-« is a
cytokine, involved in the early phase of acute inflamma-
tion by activating NF-«B. TNF-« stimulation signifi-
cantly increased NF-«B levels in both cytosol and nuclei.
Increased NF-«B production promotes increases in total
and phosphorylated aPKCs and increased Bcl-2 levels,
which enhances melanoma cell survival. We observed
heightened levels of IkB and NF-«B, which together
enhance the phosphorylation of IxB because of the aug-
mented aPKCs. This confirms that both PKC-¢ and
PKC-t are embedded in cellular survival via NF-xB and
PI3K/AKT pathways.

During EMT, epithelial cells lose apical-basal polarity,
remodel the extra cellular matrix (ECM), rearrange the
cytoskeleton, undergo changes in signaling programs
that control the cell shape maintenance and alter gene
expression to acquire mesenchymal phenotype, which is
invasive and increases individual cell motility [23].
EMT’s key features include downregulation of epithelial
genes such as E-cadherin to destabilize tight junctions
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between cells and upregulation of genes that assist mes-
enchymal phenotype such as Vimentin. Before testing
protein levels in Western blots, we tested the effects of
inhibitors on melanoma cell migration and invasion
(Figure 3). Migration and invasion studies in cancer
research are very important because the main cause of
death in cancer patients is related to metastatic progres-
sion. For cancer cells to spread and disseminate through-
out the body, they must migrate and invade through
ECM, intravasate into blood stream and extravasate to
form distant tumors [24]. Both migration and invasion
were markedly reduced for the samples treated with
ICA-1T and ICA-1S compared to ¢-Stat treated samples,
suggesting that PKC-¢ inhibition significantly slows
down melanoma cell migration and invasion. This sug-
gests that PKC-¢ is involved in EMT in melanoma. It has
been previously shown that aPKC/Par6 signaling stimu-
lates EMT upon activation of TGF-p receptors. RhoA is
a GTPase, which promotes actin stress fiber formation
thereby maintains cell integrity. TGF- 8 activation stimu-
lates degradation of RhoA which leads to the depolymer-
ization of filamentous actin (F-actin) and loss of
structural integrity resulting a reduction in cell-cell adhe-
sion [20]. Furthermore, TGFB upregulates SNAIL, a
transcription factor that upregulates EMT through the
Smad signaling pathway [25]. Cells lose E-cadherin while
gaining Vimentin during this process. As shown in
Figure 4A, inhibition of PKC-¢ using ICA-1T and ICA-
1S significantly increased the levels of E-cadherin and
RhoA while decreasing total and phospho-Vimentin
(S39) and Par6. None of those protein levels were signifi-
cantly changed as a result of PKC-¢ inhibition. We also
tested the effects of TGFB stimulation on the markers
that we tested for the aPKC inhibition. TGFp increased
the levels of PKC-i, Vimentin, phospho-Vimentin and
Par6 while decreasing E-cadherin and RhoA. This con-
firmed the involvement of PKC-t in EMT stimulation.

Immunoprecipitation of PKC-t showed a strong asso-
ciation with Par6 in both melanoma cells which was con-
firmed with reverse-immunoprecipitation of Par6
(Figure 6B). Previously published reports state that both
aPKCs associate with Par6 and phosphorylate at S345
[21,26]. In the present study, only PKC-t showed an
association with Par6, which confirmed that PKC-¢ is a
major activator of EMT in melanoma. In addition, we
previously showed that PKC-t strongly associates with
Vimentin [6].

siRNA knockdown of PKC-t and PKC-¢, immuno-
fluorescent staining and qPCR results confirmed the
association of Vimentin. As we demonstrate in
Figure 6A, silencing PKC-¢ significantly decreased the
total and Phospho-Vimentin and increased the E-cad-
herin. This further confirms the results observed upon
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Figure 8. A schematic summary of the involvement of PKC-t and PKC-¢ in melanoma progression. Upon extra cellular stimulation with
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of E-cadherin and gain of Vimentin. During this process, cadherin junctions will be destabilized as a result of loss of E-cadherin and
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polarity to maintain the mesenchymal phenotype. Activated Vimentin can also induce the phosphorylation of PTEN leading to inactiva-
tion of inhibitory action of PTEN on PIP3 [40]. This may result in activation of AKT through PIP3 and activated AKT pathway leading to
cell survival, rapid proliferation and differentiation which are critical parts of melanoma progression. AKT could indirectly stimulate
B-catenin translocation and activate NF-«B pathway in which PKC-¢ is known to play a stimulatory role on IKK-«/8. It is reported that

activated NF-«B can inhibit PTEN [35].

specific inhibition of aPKCs. Moreover, it confirmed
that both aPKCs regulate the translocation of NF-xB to
the nucleus showing a decrease in nuclei NF-«B levels.
Figure 6C exhibits how immunofluorescence staining
revealed that the shape of melanoma cells significantly
changed upon inhibition of PKC-:. Both Vimentin and
PKC-t levels were relatively low in ICA-1T treated cells
in comparison to their respective controls. In addition
to that, invasive characteristics such as formation of
lamellipodia, filopodia and invadopodia were distinc-
tively visible in both controls, though they were not
apparent in treated cells. This also confirmed the
growth retardation we observed in melanoma cells
upon aPKC inhibitor treatments that had resulted in
lesser growth in treated cells. As observed in qPCR
experiments, treatments with PKC-t specific ICA-1T
and ICA-1S, thereby the corresponding downregulation
of PKC-t suggested that PKC-: plays a role in its own
regulation. Phosphorylation of Vimentin at S39 is
required for its activation and inhibition of PKC-t
diminishes this activation process. Very low levels of
total Vimentin observed in Western blots for ICA-1T
and ICA-1S treated cells indicate that without PKC-,

unphosphorylated Vimentin undergoes rapid degrada-
tion. In addition to activating Vimentin, PKC-¢ appears
to play a role in regulating Vimentin expression in
some carcinoma cells [27,28].

Western blots of S-catenin did not show significant
change in its levels upon aPKC inhibition (Figure 4A)
and TNF-o or TGF-Bstimulations (Figure 5A). This
could be due to its stabilization by preventing its degra-
dation even after dissociation from the cadherin junc-
tions, for the purpose of transcription in the Wnt
signaling pathway [29]. «1B1 or «2f1 integrins usually
facilitate this translocation by disrupting the E-cadherin
complexes thereby promoting nuclei translocation of
p-catenin [30]. Translocated B-catenin continuously
drives transcription of targeted genes such as CD44.
CD44 is a transmembrane glycoprotein upregulated by
Wnt5A, and act as an important mediator in tumor pro-
gression and cell invasion [31]. PI3K-AKT, NF-«B and
WNT signaling pathways indirectly promote EMT by
stabilizing SNAIL1 through disruption of GSK3p-
SNAIL1 interactions [32-34]. Activated Vimentin can
inhibit PTEN by increasing the phosphorylation of
PTEN to enhance PI3K/AKT activity, causing cell



differentiation and survival of osteoblasts [35]. Just as
summarized in Figure 8, inhibition of aPKCs in mela-
noma (with emphasis to PKC-t) can therefore suppress
tumorigenesis by retarding growth, differentiation, sur-
vival and invasion of cells in-vitro.

In conclusion, the results in the present study suggest
that PKC-¢ is major component responsible for induc-
ing cell growth, differentiation, survival and EMT, while
PKC-¢ is mainly involved in NF-«B signaling to pro-
mote cell growth and survival in human melanoma cells
in-vitro. In addition, PKC-t is involved in activation of
Vimentin thereby driving major cytoskeletal changes
essential for EMT. Our results also suggest that ICA-
1T, ICA-1S and ¢-Stat are effective aPKC inhibitors in
melanoma cells and do not affect normal melanocytes
at the best working concentrations for melanoma cells
in-vitro. These inhibitors can reduce the cell prolifera-
tion, migration and invasion, while inducing apoptosis.
The inhibitors should be further tested in-vivo to deter-
mine their therapeutic potentials. Results also confirmed
the direct relationship between Vimentin, PKC-t and
EMT. PKC-: inhibition can reduce EMT progression, or
even possibly reverse it by specifically inhibiting PKC-:.
Finally, the evidence we collected indicates PKC-t and
PKC-¢ are potential therapeutic targets for metastatic
melanoma.

Materials and methods
Materials

ICA-1 nucleotide (ICA-1T) and nucleoside (ICA-1S) were
synthesized by Therachem (Jaipur, India) and ¢-Stat was
obtained from the National Institute of Health (NIH)
(Bethesda, MD, USA). They were dissolved in sterile dis-
tilled water (vehicle) before use. Antibodies were pur-
chased as follows. PKC-t (610175) and Bcl-2 (610538)
from BD Biosciences (San Jose, CA, USA), PKC-¢ (sc-
17781), NF-kB p65 (sc-372-G), IKBa (sc-1643), Phospho
IKBo (sc-8404) and Caspase-3 (sc-7272) from Santa Cruz
Biotech (Santa Cruz, CA, USA), phospho PKC-¢ (T410)
(PA5-17837), Phospho PKC-t (T555) (44-968G), E-Cad-
herin (701134), Vimentin (MA3-745) and Myelin basic
protein (MBP) (PA1-10008) from Thermo Fisher Scien-
tific (Waltham, MA, USA), phospho Vimentin (S39)
(13614S), phospho PTEN (S380) (9551), phospho AKT
(S473) (4059S), phospho IKKa/B (S176/180) (2697),
PARP (9532) and cleaved-PARP (9185) from Cell Signal-
ing (Danvers, MA, USA). B-actin-peroxidase (A3854)
from Sigma (St. Louis, MO, USA). RhoA (ab54835) and
p-catenin (ab16051) from Abcam (Cambridge, MA,
USA). Phospho MBP (T125) (05-429) from EMD Milli-
pore (Billerica, MA, USA). Enhanced chemiluminescence
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solution (34080) was purchased from Pierce (Rockford,
IL, USA). Dulbecco’s phosphate buffered saline without
Mg** and Ca®" (D8537) and Trypsin-EDTA (Ethylene-
diaminetetraacetic acid) solution (T4049) were purchased
from Sigma Aldrich. 4-[3-(4-iodophenyl)-2-(4-nitro-
pheny))-2H-5-tetrazolio]-1,3-benzene disulfonate (WST-
1) reagent for cell proliferation (11644807001) was pur-
chased from Roche Diagnostics (Mannhelm, Germany).
Basement membrane extraction (BME) (3455-096-02)
was purchased from Trevigen (Gaithersburg, MD, USA).
Human recombinant proteins PKC-t (PV3183), PKC-¢
(P2273), TNFa (10602HNAE25), TGFA1 (PHG9204) and
MBP (MBS717422) were purchased from Thermo Fisher
(Waltham, MA, USA) and MyBioSource (San Diego, CA,
USA) respectively. Human small interfering RNA
(siRNA) for PKC-t (SR303741) and for PKC-¢ (303747)
were purchased from OriGene (Rockville, MD, USA).

Molecular docking

ICA-1T, ICA-1S, and ¢-Stat were docked on solved crys-
tal structures of PKC-t with and without bound ATP
(PDB 3A8W, 3A8X) using the molecular docking pro-
gram AutoDock Vina [36]. The three dimensional com-
pound structures were translated from SMILES string to
PDB file using the NCI/CADD translator (https://cactus.
nci.nih.gov/translate/) [37]. SWISS-MODELs of PKC-¢
were generated using the human PKC-¢ sequence (Uni-
Prot Q05513) and the crystallized PKC-¢ structures as
templates. Modeled PKC-¢ structures were processed for
geometric minimization using Phenix (v 1.11.1-2575).
Ligands and PKC structures were prepared for docking
using AutoDockTools 1.5.6 (9_17_14 build). Molecular
docking was performed using AutoDock Vina 1.1.2
(May 11, 2011 build). Top scoring docked ligand confor-
mations, ranked by lowest kcal/mol scores coupled with
visual inspections, were then selected for localized Vina
screening. Docking output files were visualized with, and
molecular images generated using Pymol (v 1.7.2.1). All
molecular docking tasks were performed on a high per-
formance workstation running Linux.

Cell culture

SK-MEL-2 (ATCC® HTB-68™) and MeWo
(ATCC® HTB-65™) cell lines were purchased from
American Type Tissue Culture Collection (ATTC; Rock-
ville, MD, USA) in November, 2015 and MEL-F-NEO
cell line was purchased from Zen-Bio, Inc. (Research Tri-
angle Park, NC, USA) in December, 2016. All cells were
frozen in liquid nitrogen immediately with early pas-
sages. The cells of passages 2 to 5 were resuscitated from
liquid nitrogen stocks and cultured for less than 3
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months before re-initiating culture from the same pas-
sage for each tested experiment. Both ATCC and Zen-
Bio, Inc. had authenticated the cell lines using morphol-
ogy, karyotyping and PCR-based approaches. Cells were
cultured at 37°C and 5% CO,.

Melanocyte growth medium (MEL-2) was used for
MEL-F-NEO cell culturing according to the instruction
manual. Eagle’s minimum essential media (90% v/v)
(ATCC 30-2003) with fetal bovine serum (10% v/v) and
Penicillin (5 pg/ml) were used for SK-MEL-2 and
MeWo cell culturing according to ATTC guidelines. All
cell lines were seeded and grown as monolayers in T25
or T75 flasks.

PKC activity assay

PKC activity assay was conducted by monitoring the
phosphorylation of MBP (0.025 mg/ml), a known sub-
strate for PKCs. The detailed procedure was performed
as described in Pillai, et al. for ICA-1S, ICA-1T and
¢-Stat (0.1-20 uM) on recombinant PKC-¢ and PKC-¢
(0.01 pg/ul) ''. Samples then fractionated by SDS-
PAGE and immunoblotted for phosphorylated MBP.
Kinase activity was calculated based on the densitometry
values of Western blots.

Inhibitor dose response curves and WST-1 assay
for cell viability and cytotoxicity

MEL-F-NEO, SK-MEL-2 and MeWo cells (4 x 10*) were
cultured in T25 flasks and treated with either an equal
volume of sterile water (vehicle control) or inhibitors
(ICA-1S, ICA-1T and ¢-Stat) using a series of concentra-
tions (0.1-10 puM). The detailed procedure was per-
formed as described in Ratnayake, et al [6].

WST-1 assay was performed culturing approximately
4 x 10° cells/well (MEL-F-NEO, SK-MEL-2 and MeWo)
in a 96 well plate. After 24 h post plating time, fresh
media were supplied (200 ul/well) and treated with
either an equal volume of sterile water (vehicle control)
or with the ICs, concentrations of ICA-1T (1 uM) or
ICA-1S (2.5 uM) or ¢-Stat (5 uM). These ICs, values
were obtained based on the dose response curves. The
detailed procedure was performed as described in Rat-
nayake, et al [6].

Assays for cell migration and invasion

Wound healing assay

The detailed procedure was performed for SK-MEL-2
and MeWo cells as described in Justus, et al [24].

Cells were treated with either sterile water or inhibi-
tors to achieve respective ICsy concentrations and
plates were incubated at 37°C and 5% CO,. Photo-
graphs of wound closure were taken utilizing a Motic
AE31E microscope with Moticam BTU8 Tablet (40 x
magnification) at 24 h intervals for 3 days and ana-
lyzed using “Image]” image processing program
(NIH, Rockville, MD, USA).

BME invasion assay

This in-vitro invasion assay was performed for SK-MEL-
2 and MeWo cells as described in Feoktistova, et al. using
BME (0.2 x) as the inner coating of transwell plate [38].
Cells were treated with either sterile water or inhibitors
to achieve respective ICs, concentrations and plates were
incubated at 37°C and 5% CO, for 3 days. At the end of
the 3 day, crystal violet (0.5%) was used to stain the
cells adhered to the bottom surface of the membrane in
transwell insert to visualize the inhibition of invasion.
Photographs of the stained cells were taken from Motic
AE31E microscope with Moticam BTUS8 Tablet (100 x
magnification) after washing the extra stains remained in
the transwell plate. Subsequently, 70% Ethanol (200 1)
was added to dissolve crystal violet and absorbance was
measured at 590 nm.

Immunoprecipitation and Western blot analysis

Approximately 1 x 10> cells (SK-MEL-2 and MeWo)
were cultured in T75 flasks and 24 h post plating, fresh
media were supplied and cells were treated with either
an equal volume of sterile water or aPKC inhibitors to
achieve respective ICs, concentrations. Additional
doses were supplied every 24 h during a 3 day incuba-
tion period. Cells were subsequently lifted and cell
lysate were collected either with cell lysis buffer
(C7027, Invitrogen) or IP lysis buffer (87788, Thermo
Fisher). Preparation of cytosolic and nuclear extracts
for the analysis of NF-«B translocation and immuno-
precipitations were performed as described in Win,
et al. and samples were then fractionated by SDS-
PAGE and immunoblotted [12].

Immunofluorescence microscopy

SK-MEL-2 and MeWo cells were plated in chamber
slides (154461, Thermo Fisher) and treated with either
sterile water or inhibitors to achieve respective ICs, con-
centrations. Slides were incubated at 37°C and 5% CO,
for 3 days. At the end of the 3™ day, cells were prepared
as described in El Bassit, et al [39]. and stained for PKC-
¢ (ab5282 rabbit polyclonal primary antibody 1:200 and



A21206 anti-rabbit secondary antibody at 1:1000; green)
and for Vimentin (MA3-745 mouse monoclonal primary
antibody at 1:40 and A32727 anti-mouse secondary anti-
body at 1:1000; red) to visualize under the Nikon Mirco-
FX fluorescence microscope with Jenoptik D-07739 Jena
camera (200 x magnification). DAPI in Gold Antifade
Mountant (S36938; blue) was used to visualize the
nucleus.

Inhibition of expression of PKC-. and PKC-¢
with siRNA (RNA interference)

SK-MEL-2 and MeWo cells (4 x 10*) were cultured in
T25 flasks and treated with either siRNA (20 nM) for
PKC-t or PKC-¢ or scrambled siRNA after 24 h post
plating time and incubated for 48 h. Detailed procedure
was performed as described in Win, et al. (12).

Quantitative Real-Time PCR (qPCR)

qPCR was performed on RNA isolated from SK-MEL-2
and MeWo cell lysates collected after 3 days treatment
with either an equal volume of sterile water or aPKC inhib-
itors with respective ICso concentrations. Expression was
observed for PKC-¢ using primers: Forward TTGCAAT-
GAGGTTCGAGACA; Reverse CTGAGATGATACTG-
TACACGGG. Vimentin expression was observed using
primers: Forward ACACCCTGCAATCTTTCAGACA;
Reverse GATTCCACTTTGCGTTCAAGGT. B-actin was
used as an internal control. PCR reactions used SYBR
Green PCR Mix (Applied Biosystems, CA, USA). cDNA
was denatured at 95°C for 10 min, followed by 40 cycles of
denaturing at 95°C for 20 s and an annealing stage of 65°C
for 40 s. The Quantstudio3 was used to quantify gene
expression using AA-CT (Applied Biosystems).

Densitometry

The intensity of Western blot bands was measured using
“AlphaView” software for “Fluorchem” systems devel-
oped by ProteinSimple (San Jose, CA, USA) in which the
background intensity was subtracted from the intensity
of each band to obtain the corrected intensity of the
proteins.

Statistical analysis

All data are presented as mean =+ SD. Statistical analysis
was performed with one or two-way ANOVA followed
by Tukey HSD test as multiple comparisons tests using
the “VassarStats” web tool for statistical analysis. P-value
<0.05 or <0.01 indicated statistical significance.
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