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Abstract

In silico methods can help in identifying drug targets via bioinformatics tools. In our previous studies, a 2.34 kDa short linear peptide analogue to
myxoma virus M-T5 protein was computationally designed using the resonant recognition model (RRM). Quantitative and qualitative cell cytotoxicity
assays showed that the peptide analogue can induce a dose and time dependent tumoricidal effect on skin cancer cells but not on normal cells. It has
been reported that the viral protein (M-T5) binds with p-Akt to regulate Akt signaling in some human cancer types. Hence in this study we investigated
the effects induced by the peptide analogue RRM- MV on the Akt pathway in skin cancer and normal cells. Akt expression levels in cells treated with
RRM-MYV, in the presence or absence of PI3K/Akt inhibitor, were detected in mammalian skin cancer and normal cells using immunoblotting. The results
revealed that different endogenous levels of p-Akt were expressed in the human melanoma and carcinoma cells following treatment with RRM-MV. Yet,
it did not appear to affect the p-Akt expression in the mouse melanoma cells. Furthermore, RRM-MYV treatment did not seem to affect the level of total
Akt in any type of cancer cells under the same experimental conditions. Hence, the bioactive peptide RRM-MV appears to be targeting the Akt pathway
in some types of skin cancer cells. Elucidating the mechanism of RRM-MYV effects on other cellular apoptosis pathways requires further investigation.
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the hyperactivation of the serine/threonine kinase Akt in cancer
cells [17-27]. In addition, human cancer cells have been grouped into
three types depending on the ability of being productively infected
with MYXYV, and the capability of MYXV to activate Akt through the
action of a M-T5 viral protein [26, 28]. M-T5 is an ankyrin-repeat
host range protein that is shown to be required for virus replication

Background

Malignant melanomas can be resistant to conventional therapies
such as chemotherapy, immunotherapy, radiation therapy and/
or surgery, and patient’s chances of survival often depend on early
diagnosis and treatment [1]. The discovery and development of novel

cancer therapeutic agents is an important research field as cancer is an
international health problem with the current treatments achieving
only limited success. Oncolytic virotherapy is a novel therapy that can
be applied solely or in conjunction with the conventional therapies.
In particular, some viruses have the ability to target and destroy
malignant cancer cells without harming the normal cells [2- 5].
Myxoma virus (MYXV) is a new poxvirus oncolytic candidate that has
been added to the list of oncolytic viruses used in virotherapy. MYXV
is a member of Poxviridae family and the Chordopoxvirinae subfamily
[6-8]. It is a rabbit-specific pathogen that causes myxomatosis in
European rabbits (Oryctolagus cuniculus), which is considered as a
fatal disease [8]. However, MYXYV is non-pathogenic in humans and
all other vertebrate species [6, 9-13].

Previously, MYXV was shown to be able to selectively kill human
cancer cells [14-17]. Intense in vitro investigations have indicated
that replication of MYXV in human cancer cells is associated with
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in rabbit lymphocytes, and is critical for virus replication in the
majority of human tumor cells [29]. M-T5 interacts with two human
cellular proteins. The first cellular protein is Cullin-1, an E3 ubiquitin
ligase that is involved in the progression through the cell cycle. The
interaction of M-T5 with Cullin-1 inhibits MYXV- infected cells from
cell cycle arrest and stress-induced cell death [30]. The second cellular
protein is Akt-1/protein kinase B (PKB) that directly interacts with
M-T5 [26, 31]. Akt is a serine/threonine kinase essential for normal
cell processes such as programmed cell death, proliferation, cell cycle
progression, angiogenesis and metabolism [22]. It is activated via the
phosphorylation of its central component at ser-473/474 and thr-
308/309 [32]. Akt dysregulation is commonly detected in an extensive
spectrum of human cancers [23, 33-39]. It was found that many human
cancer cells exhibit a high endogenous activation of Akt in vitro [18,
33, 34, 40]. Akt is a central regulator of cellular signaling; hence, it
is not surprising that many viruses have developed new strategies to
control the activation of Akt [41].
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Therapeutic peptides have been emerging as a novel class of drugs
for cancer therapy and are being intensively studied for their role in
developing novel cancer therapeutics [2, 3]. This is due to the fact
that peptides have a high potential to penetrate cellular membranes,
interfere with enzymatic functions and protein-protein interactions
within cells [4-7]. Anticancer therapeutic peptides are able to kill
cancer cells due to their strong tumoricidal activity and low toxicity
towards normal cells [42-47]. Peptide therapy has many promising
advantages over small molecule drugs. Peptides can be designed to
target any protein of interest using ‘rational’ computational methods.
Due to structures and interactive partners of many oncogenic proteins
being identified, peptides can be designed to inhibit these interactions
by using a sequence from the interaction domain. Another advantage
is that peptides are easily produced using chemical synthesis or
molecular biology techniques. Unlike natural proteins, peptides are
easily synthesized in bulk at relatively low cost, using automated
systems. The costs of producing therapeutic proteins through
genetically modified organisms and cell cultures are relatively high.

The Resonant Recognition Model (RRM) [42] is the physico-
mathematical approach designed for functional and structural
analysis of proteins and DNA. The RRM approach interprets a
protein’s sequence linear information using signal analysis methods.
In the RRM, the protein primary structure is represented as a
numerical series by assigning to each amino acid in the sequence a
physical parameter value relevant to the protein’s biological activity.
The RRM concept is based on the finding that there is a significant
correlation between spectra of the numerical presentation of amino
acids and their biological activity. It has been found through an
extensive research that proteins with the same biological function
have a common frequency in their numerical spectra. This frequency
was found then to be a characteristic feature for protein biological
function or interaction [43-48]. This protein characteristic frequency
can be identified from analysis of the power spectra of the selected
protein sequences. In addition, from the analysis of their phase
spectra, we can identify the corresponding phase for a particular
frequency. Once the characteristic frequency for a particular protein
function/or interaction is determined, it is possible then to predict
the amino acids, the so called “hot spots” in the sequence that
predominantly contribute to this frequency and consequently to the
observed function. On the basis of determined RRM characteristic
frequencies and phases for a particular group of protein sequences,
we can design amino acid sequences (short peptides) having those
specific characteristics related to a protein’s biological function. It is
expected that the designed peptide will exhibit the desired biological
activity [42, 49-50].

In the previous research studies, the RRM approach was used to
structure-function analysis of different protein examples [42, 50],
aiming at the design of peptide analogues having the same functional
activity as their parent proteins. Myxoma virus (MXYV), interleukin12
(IL12) and the tumour necrosis factor (TNF-a) can significantly affect
tumour progression. Based on these properties, three short bioactive
peptide analogues: RRM-MV RRM-IL and RRM-TNF [51] were
designed using the RRM approach [50]. These synthetic peptides
were de novo designed to mimic activities of the selected therapeutic
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proteins. RRM-designed peptides present potential therapeutic
candidates for cancer treatment whose efficacies were evaluated in our
previous studies [50]. In particular, we examined the biological effects
of these peptides on BI6F0 cell mouse skin cancer cells and normal
murine cells in vitro, and found that RRM-MV, RRM-IL and RRM-
TNF treatment induced toxic effects on the mouse melanoma cells
in a dose- and time-dependent manner but no cytotoxic effects were
detected in normal cells [43-48, 50]. However, our initial data did not
show a significant effect on the total Akt levels following treatment of
the mouse melanoma cells (B16F) with the peptide analogue RRM-
MV[43]. Thus, it is not known if the cytotoxic effects on cancer cells
caused by the MT5-peptide analogue (RRM-MV) were generated by
targeting the same cell death pathways in skin cancer cells. Therefore,
in this study we tested the effect of the RRM-MV and non- bioactive
(control) peptide RRM-C on the p-Akt pathway in human skin cancer
and normal human skin cells.

Materials and Methods

RRM peptide sequences and synthesis

The RRM-MV is a 18 amino acid short linear peptide
(MDDRWPLEYTDDTYEIPW) analogue for myxoma virus M-T5
protein which was specifically designed to exhibit anti-cancer
activity [43, 44]. The RRM-C is a 22 amino acid short linear peptide
(CVLQDCVLQDCVIQDCVLQDCYV) designed as a control peptide
that is lacking the anti- cancer activity. It was used as a negative control
peptide along with the bioactive RRM-MV in the experimental
evaluation presented below. The detailed description of the de novo
design procedure for RRM-MV and RRM-C peptides was presented in
our previous study [43]. The two peptides were synthesized with >95%
purity (AUSPEP, Melbourne, Australia). RRM- MV and RRM-C were
freshly prepared at different concentrations in the relevant cell culture
medium immediately prior to use.

Mammalian cell culture growth conditions and treatment
with the RRM peptides

Human malignant melanoma (MM96L), human squamous cells
carcinoma (COLO-16) and normal human dermal fibroblast (HDF)
cell lines were obtained from Dr. Terrence Piva, RMIT University,
Australia. Mouse melanoma cell line (B16F0) was donated by Dr. Glen
Boyle, QIMR, Australia. The MM96L, COLO-16 and B16-FO cell lines
were cultured in Roswell Park Memorial Institute medium (RPMI)
1640 (GIBCO, Australia) supplemented with 10% heat- inactivated
fetal bovine serum (FBS) (Bovogen serum, Biologicals, Australia).
The HDF cell line was propagated in medium 106 supplemented with
2% Low Serum Growth Supplement (LSGS) (GIBCO, Australia). The
cell lines were confirmed to be mycoplasma free using a Mycofluor
Detection Kit (Invitrogen, Oceania). All cell cultures were grown and
maintained as monolayers in 75 m? tissue culture flasks (Greiner Bio-
One, Germany) at 37°C in a humidified atmosphere and 5% CO, in
air. The medium was changed every 3 - 4 days.

At 85-95% confluence, the cells were harvested by trypsinisation
with 0.05% trypsin-EDTA (GIBCO, Australia) and centrifuged. The
cell suspensions were seeded at a density of 7x10° cell/mL in a six-
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well plate in complete growth medium with 10% FBS and incubated
overnight before treatment to allow for their adherence. The peptide
treatment conditions of cell lines were performed as described below:

Incubation conditions to assess Akt expression levels: To assess
the influence of treatment on Akt activity MM96L, COLO-16 and
HDF cell lines were incubated with 400 ng/mL RRM-M or RRM-C for
3 hin complete growth medium with 10% FBS. The mouse melanoma
B16FO cell line was incubated with 800 ng/mL RRM-MV or RRM-C
for 3 h to achieve cytotoxicity levels similar to those produced in the
human skin cancer cell lines within the same period of incubation as
this cell line was more resistant to RRM-MV treatment [43, 44].

Treatment with the PI3 Kinase inhibitor

The influence of the RRM-MV treatment on Akt activity, after
blocking the Akt pathway, was assessed to confirm if treatment with
inhibitors can affect the phosphorylation of Akt at Ser-473 or Thr-308
in the presence of RRM-MV. The effect of RRM-MV and RRM-C on
Akt activity was assessed in melanoma, carcinoma and normal cell
lines in the presence of the PI3 Kinase inhibitor, LY294002 which
blocks the Akt pathway. The cell lines were incubated with 50-100 uM
of LY294002 (PI3 Kinase inhibitor) for 1 h-2 h before the RRM-MV
or the RRM-C peptides were added and then incubated for 3 h, as
explained earlier. This experiment was performed in the presence of
a complete growth medium with 10% FBS or in serum deprivation
conditions to eliminate the effect of serum on the experimental
conditions.

Furthermore, Akt expression levels in MM96L and COLO-16 cell
lines, following treatment with 400 ng/mL RRM-MYV, were assessed in
serum starvation conditions for 15 min, 30 min and 60 min.

Protein extraction for immunoblotting

Following incubation with the RRM-designed peptides (RRM-
MYV or RRM-C) and/or the PI3 kinase inhibitor, the cells were rinsed
twice with ice-cold phosphate buffered saline (PBS) and were then
lysed by PhosphoSafe Extraction Buffer (Novagen, USA) mixed
with Protease Inhibitor Cocktails (Sigma-Aldrich, USA). The cells
were incubated for 10 min at room temperature and were scraped
and centrifuged at 16,000x g for 5 min at 4°C. The supernatants were
collected and the whole-cell lysates and protein concentration of each
sample was determined by Bradford method [51] using bovine serum
albumin (BSA) as a standard.

Antibodies and reagents

Total Akt protein, threonine-phosphorylated Akt and serine-
phosphorylated Akt were detected using rabbit polyclonal Akt
(pan) (C67E7) antibody, rabbit monoclonal phospho-Akt (Thr-308)
(C31ES5E) antibody and rabbit monoclonal phospho-Akt (Ser-473)
(D9E) XP antibody respectively. The p-actin antibody was used as a
loading control. All primary antibodies and the PI3K-AKT kinase
inhibitor (LY294002) were obtained from Cell Signaling Technology
(Beverly MA, USA). The alkaline phosphatase-conjugated goat anti-
rabbit polyclonal secondary antibody was purchased from Sapphire
Bioscience, Australia.
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Western blot analysis

Whole cell lysates were mixed with 5X SDS-PAGE sample buffer (3:
1), consisting of 60 mM Tris, pH 6.8, 25% glycerol, 2% sodium dodecyl
sulfate (SDS), 14.4 mM 2-mercaptoethanol, and 0.1% bromophenol
blue, and were boiled for 5 min. Equal amounts of protein samples
(30ug per lane) were subjected to 12.5% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) using Mini-PROTEAN Tetra Cell
electrophoresis system (Bio-Rad, USA). iBlot Dry Blotting System
(Invitrogen, USA) was used to transfer the protein from the SDS
PAGE gel to the nitrocellulose membrane. Western blot analysis was
carried out as described previously [43] with some modifications.
In brief, the membranes were blocked with 5% non-fat dry milk in
PBS-T (0.1% Tween 20 in PBS) overnight at 4°C. The membranes were
then washed four times for 10 min with PBS-T, followed by incubation
of the membranes with the primary antibody in (1X Tris Buffered
Saline (TBS), 0.1% Tween-20 with 5% BSA) at 1: 3000 dilutions for
3 h, and washed four times for 15 min. The membranes were then
incubated with the secondary antibody conjugated with Horseradish
Peroxidase in (1X TBS, 0.1% Tween-20 with 0.1% non-fat dry milk)
at 1: 1000 dilutions for 1h at room temperature. After washing with
PBS-T four times for 15 min, detection of protein was performed
using 5-Bromo-4-chloro-3-indolyl phosphate, toluidine salt / Nitro
blue tetrazolium chloride (BCIP/NBT) substrate solution (Amresco,
USA) mixed with detection buffer (100mM Tris, 100Mm NaCl, pH
9.5) (v/v). The membranes were incubated with the substrate until full
color development was detected. The reaction was stopped by washing
in distilled water for 5 min prior to being dried. The membranes
were scanned to quantitate the signal using a flatbed optical scanner
(Cannon, USA). Densitometry of protein spot signals were detected
and quantified with the Quantity One Analysis 4.3.0 software. Each
experiment was repeated at least three times and the mean of the
density of the bands (densitometry signals) was used to plot the
graphs in the figures.

Results

The influence of RRM-MYV treatment on Akt activity

To determine whether RRM-MV or RRM-C treatments modulate
Akt activity in skin cancer cells and normal skin cells, the total Akt
protein levels and the endogenous phosphorylated Akt levels at Thr-
308 and Ser-473 were measured using Western blots. Results are
presented and described in details below.

In presence or absence of serum in the growth medium: The
levels of p-Akt and total Akt proteins were detected in 10% serum
(FBS) or in serum starvation in MM96L human melanoma cells (Fig
1 A & B), COLO-16 human carcinoma cells (Figure. 2, A & B) and in
B16F0 mouse melanoma cells (Figure3, A & B) following RRM-MV
or RRM-C treatment. In MM96L cell line, the 60 kDa p-Akt bands’
intensity for Ser-473 antibodies was slightly stronger than for Thr-308
(Figure 1A) under 10% FBS growth conditions. Similarly, p-Akt band
intensities were slightly stronger for Ser-473 in COLO-16 cell line
under 10% FBS (Figure 2A). Although the expression levels of p-Akt
(Ser-473) were slightly increased, following RRM-MV treatment
in melanoma and carcinoma cell lines, the results also suggest that
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the expression levels of total Akt and p-Akt at Ser-473 and Thr-308
phosphorylation locations in serum starved or in complete growth
medium were unaffected in the MM96L melanoma cells or the COLO
16 carcinoma cells. Interestingly, RRM-C treatment did not induce any
noticeable effect on the p-Akt and total Akt protein expression levels
as those remained unchanged in the MM96L cell line (Figures 1A and
B, lane 2), COLO-16 cell line (Figures 2A and B, lane 3), and B16F0
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cell line (Figure 3, lane 3); thus strongly indicating that the RRM-C
treatment has no effect on the Akt expression in these cancer cell
lines. We have previously reported that RRM-C control peptide did
not cause any cytotoxic effect as opposed to the cytotoxicity induced
by RRM-MYV treatment on the tested skin cancer cell lines [43; 44].
The Akt expression results could be a reflection of this effect on this
cell death pathway.
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Figure 1. The effects of RRM designed peptides on cellular expression of Akt in melanoma cells. The MMO96L cell line was plated at 5 x 107 cells/mL and was treated in presence of serum
(A) or in absence of serum (B). Cell lysates (20pg) were prepared and immunoblotted using p- Akt (Ser-473 and Thr-308) and total Akt antibodies. B-actin was used as a loading control. The
Western blots results show that treatment with RRM-MYV, but not RRM-C, slightly induces the levels of p-Akt in both conditions. Inhibition of Akt activity and then treatment with RRM-MV
also affected the expression of p-Akt protein in tested cells. Densitometry of protein spot signals were detected and quantified with the Quantity One Analysis 4.3.0 software. These figures are

representative of three separate Western blot experiments.

In normal skin cells: The levels of total Akt protein and p-Akt in
the normal non-cancerous HDF cell line were detected after treatment
with RRM-MV or RRM-C at the concentration of 400 ng/mL
(Figure 4). There were no noticeable changes in the expression of
total Akt and p-Akt following RRM-MV treatment when compared
to RRM-C treated and untreated cells (Figure 3, lane 2 and 3,
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respectively). This result suggests that RRM-MV treatment in normal
human skin cells did not have any effect on the Akt pathway. As the
RRM-MYV treatment had no cytotoxic effect on HDF cells [44], no
change in the Akt expression levels could be attributed to the finding
that RRM- MV has not shown to cause any cytotoxic effects on normal
skin cells including HDFE.
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Figure 2. Cellular expression of p-Akt and total Akt in carcinoma cells after treatment with the RRM designed peptides. The COLO-16 cell line was plated at 5 x 107 cells/mL and was
treated in growth medium with serum (A) or in serum starvation conditions (B). Western blot analysis was used to assess the expression of Akt in treated cells using p-Akt (Ser-473 and Thr-
308) and total Akt antibodies. B-actin was used as a loading control. The Western blot results show that the expressions of p-Akt in carcinoma cells slightly increased after RRM-MYV treatment.
Inhibition of Akt activity and then treatment with RRM-MYV also affected the expression of p-Akt protein in tested cells. Densitometry of protein spot signals were detected and quantified with

the Quantity One Analysis 4.3.0 software. The experiments were repeated at least three times.
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Figure 3. Cellular expression of p-Akt and total Akt in mouse
melanoma cells after treatment with the RRM-designed peptides.
The B16FO cell line was treated with 800 ng/mL RRM-MV or RRM-C
in the presence or absence of 50 pM LY294002 or treated with 50 uM
LY294002 alone for 1 h. The levels of p-Akt expression in the cells
were detected by immunoblotting using p-Akt (Ser-473 and Thr-308)
and total Akt antibodies. B-actin was used as a loading control. The

= total Akt results of Western blots show that the levels of p-Akt and total Akt in
mouse skin cells were not affected by RRM-MV treatment. Inhibition
= p-Akt-Sera73 of Akt activity and then treatment with RRM-MV also did not affect
expression of p-Akt protein in tested cells. Densitometry of protein spot
= p-Akt-Thr308

signals were detected and quantified with the Quantity One Analysis
4.3.0 software. The experiments were performed at least three times.
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Figure 4. Cellular expression of p-Akt and total Akt in normal human dermal fibroblast cell line treated with the RRM designed peptides. The HDF cell line was treated with 400 ng/mL
RRM-MV or RRM-C in the presence or absence of 100 uM LY294002, or treated with 100 pM LY294002 alone for 2 h. Cell lysates were prepared and immunoblotted using p-Akt (Ser-473)
and total Akt antibodies. B-actin was used as a loading control. The figure shows RRM-MYV treatment did not affect the expression of p-Akt or total Akt in normal human skin cells. Inhibition
of Akt activity and then treatment with RRM-MV also had no effect on the expression of p-Akt protein in tested cells. Densitometry of protein spot signals were detected and quantified with
the Quantity One Analysis 4.3.0 software. The blots are derived from multiple immunoblotting experiments.

The influence of PI3K Akt inhibitors on Akt activity

Furthermore, to confirm that Akt phosphorylation can be blocked
by the PI3K/Akt inhibitor (LY294002) in the previously tested cell
lines, cancer and normal skin cells were treated with LY294002 in the
presence or absence of the RRM peptides (Figures 1-4). The results
showed that incubation of MM96L cell line with 100 uM LY294002 for
1 h blocked Akt phosphorylation either under conditions of complete
growth medium or serum starvation compared to untreated cells
(Figure 1A and 1B, lane 8). Similar results were observed in B16F0 cell
line after treatment with 50 uM of LY294002 for 1 h (Figure 3, lane 8).
Nevertheless, the blocking was incomplete at Ser-473 and Thr-308 in
COLO-16 cell line in growth medium with serum (Figure 2A, lane 8),
yet a complete blocking in phosphorylation of Akt was observed with
serum starvation (Figure 2B, lane 8), suggesting that blocking of Akt
activation in carcinoma cells was affected by serum conditions. Yet in
the HDF normal cell line, treatment with 50 uM LY294002 for 1 h was
not sufficient to block the p-Akt pathway (data not shown), therefore,
incubation with 100 uM of LY294002 for 2 h was needed to block
the Akt phosphorylation (Figure 4). On the other hand, LY294002
treatment did not appear to significantly affect the total Akt expression
levels in all tested cell lines.

Cancer Stud Ther ], Volume 3(2): 6-10, 2018

The influence of RRM-MV treatment on Akt activity in
presence of PI3K/Akt inhibitor

To determine whether PI3K Akt inhibitor would suppress Akt
activity in the presence of RRM- MV under complete growth medium
or serum starvation conditions, cells were treated with LY294002.
The cells were then further incubated with RRM-MV and whole cell
lysates were immunoblotted with the specific antibodies. The obtained
results are shown below.

In skin cancer cells: The MM96L and COLO-16 cell lines were
incubated with 100 uM LY294002 for 1 h and then further incubated
with 400 ng/mL RRM-MYV for 3 h. The Western blot results showed
that Akt becomes activated at Ser-473 after RRM-MV treatment
in MMOY6L cells but no p-Akt band was detected at Thr-308 under
complete growth medium conditions (Figure 1A, lane 5). Moreover,
similar results were found with cells incubated under serum starvation
conditions (Figure 1B, lane 5). When Akt activation was blocked in the
COLO-16 cell line and then treated with RRM- MV, p-Akt activation
was restored at both Ser-473 and Thr-308 under complete growth
medium (Figure 2A, lane 5) and under serum starvation conditions
(Figure 2B, lane 5). Similar results were obtained with B16F0 cell line
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treated with 50 uM LY294002 for 1 h and then further incubated with
800 ng/mL RRM-MYV for 3 h (Figure 3, lane 5). However, inhibition
of Akt phosphorylation followed by treatment with RRM-MV did
not have an effect on the expression of total Akt protein in these
skin cancer cell lines. The findings of this experiment suggest that
LY294002 was not able to block Akt phosphorylation in the presence
of RRM-MYV in all tested cancer cell lines; thus, confirming RRM-MV
treatment interferes with inhibition of Akt signaling pathway.

In normal skin cells: The HDF cell line was incubated with 100
uM of LY294002 for 2 h and then further incubated with 400 ng/
mL RRM-MV for 3 h. The Western blot results showed that RRM-
MYV treatment did not restore p-Akt activation after inhibition with
LY294002 (Figure 3, lane 5). This data demonstrate that RRM-MV
does not interfere with the p-Akt pathway in normal cells and was
unable to restore Akt phosphorylation after inhibition with LY294002.

The influence of different incubation times on Akt expression
in cancer cells after RRM- MV treatment

In our previous studies we concluded that the cytotoxic effects
of RRM-MYV on cancer cells are time- and dose-dependent [43; 44].
To evaluate if time can influence the Akt phosphorylation pathway
after RRM-MYV treatment leading to cell death in MM96L and COLO-
16, p-Akt expression levels were assessed when cancer cells were
incubated with 200 ng/mL of RRM-MYV for 15 min, 30 min and 60 min
under serum starvation conditions. Western blots results showed that
in MMY6L cell line, the p-Akt S-473 expression was unaffected after
15 min of treatment (Figure 5A, lane 2), but it at was slightly enhanced
at 30 min and 60 min (Figure 5A, lane 4 and 6, respectively). As
expected, the total Akt expression did not seem to be affected during
different incubation times (Figure 5A). Similarly, RRM-MV treatment
in COLO-16 did not affect the p-Akt protein levels (Thr-308 and Ser-
473) after 15 min (Figure 5B, lane 2); however, phosphorylated Akt
was increased slightly at both Thr-308 and Ser-473 after 30 min and
60 min (Figure 5B, lane 4 and 6) respectively. The intensity of total Akt
band was unaffected during times course (Figure 5B). These findings
indicate that RRM-MYV treatment enhanced Akt phosphorylation in a
time-dependent manner in melanoma and carcinoma cells.

Discussion

Akt, also known as protein kinase B (PKB), plays a crucial role in
the regulation of multiple cellular processes including programmed
cell death and it is believed that the regulation of Akt activation is
impaired in cancer cells [26]. It was previously shown that M-T5
of myxoma virus binds to p-Akt to regulate Akt signaling in some
infected human cancer cells and pharmacological manipulation of
AKT phosphorylation, significantly increased MYXV replication in
some semipermissive/nonpermissive human cancer cells [26]. It was
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previously found that RRM-MYV, the peptide analogue of the MYXV
M-T5 protein, is able to induce apoptotic/ necrotic effects in different
skin cancer cell lines but produced no cytotoxic effects on normal
non-cancerous cells [43, 44]. In the current study, we investigated the
influence of RRM-MV and RRM-C synthetic peptides, on the Akt
activation pathway in treated skin cancer cells and in normal skin cells
to detect a possible cell death pathway.

One of the findings of the present study is that the expression levels
of total Akt protein in all types of tested cells were not affected by the
RRM-MYV treatment. In addition, a higher level of phosphorylated
Akt was detected in RRM-MV treated B16F0 cells, than the p-Akt
levels expressed by MM96L and COLO-16 cells at both Ser-473 and
Thr-308. This result corroborates with the previous studies [24, 25]
indicating that infected MYXV cancer cells expressed measurable
phosphorylated Akt levels either high, low or very low levels but
some cancer cells did not express any levels of p-Akt. As an example,
melanoma (SK-MELS5) cell line expressed total Akt protein but did
not express p-Akt (both Ser-473 and Thr-308) [26]. Another example
of high levels of Akt is in B16F10 cell line, which correlates with
permissiveness to MV [55].

The Western blot results also showed that p-Akt expression
was slightly higher at Ser-473 following the RRM-MV treatment,
suggesting that RRM-MV may interact with the Ser-473 component of
the Akt [56-59]. The RRM-MYV treatment did not produce an effect on
p-Akt activation in B16FO cells confirming our previous observations
[43].

Our study also showed that different incubation times affected
Akt expression in melanoma and carcinoma cells after the RRM-MV
treatment. The band’s intensity of p-Akt was unchanged at 15 min of
incubation time with RRM-MV while it started to increase after 30
min and 60 min. However, there was no change in the intensity of
total Akt band detected during the course of treatment, indicating that
Akt phosphorylation was induced by RRM-MYV treatment in a time-
dependent manner in both melanoma and carcinoma cells. It has been
demonstrated that exposure of cells to various chemotherapies and
cytotoxic agents leads to changes in the p-Akt expression [60-62] and
this also could be the case in RRM-MV treatment. Wang et al. [26]
reported that the Akt phosphorylation in MYXV infected permissive
cancer cells can be activated by forming a complex between M-T5 and
Akt molecule. .

LY294002, which is a potent and specific inhibitor of PI3K that
can blocks downstream pathways of PI3K including Akt activation
[63-65], blocked p-Akt in tested melanoma and carcinoma cells but
it was less effective in normal human skin cells as higher doses and
longer incubation time were needed to induce a partial blockage. Also
LY294002 was unable to block the total Akt protein levels in all tested
cell lines.
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Figure 5. Akt expression levels in melanoma and carcinoma cells during the first hour after RRM-MYV treatment. MMO96L cell line in (A) and COLO-16 cell line in (B) were treated with
400 ng/mL with RRM-MV for 15 min, 30 min and 60 min. Whole cells extracts were prepared and immunoblotted using p-Akt (Ser-473 and Thr-308) and total Akt antibodies. 3-actin was used
as a loading control. Western blots show that treatment with RRM-MYV induced the levels of p-Akt in a time dependent manner in melanoma and carcinoma cells. Densitometry of protein spot
signals were detected and quantified with the Quantity One Analysis 4.3.0 software. The experiments were repeated at least three times.

We also found that LY294002 did not suppress Akt activity in the
presence of RRM-MV in melanoma and carcinoma cells. This result
suggests that PI3K kinase inhibitor is unable to block Akt activation
following RRM-MV treatment; thus, it is suggested that the RRM-
MYV has a unique capacity to modulate Akt activation either directly
at the Akt level or down-stream the inhibitor binding site in the
PI3K pathway [66]. This finding indicated that RRM-MYV is able to
specifically interact with Akt and that this (RRM-MV-Akt) interaction
is required for enhancement of the Akt activation. The findings are in
agreement with previous studies by Dhawan et al., [67] and Wang et
al., [26] who reported that MYXV infection leads to an increased Akt
activation in the presence of LY294002. Hence, it can be concluded
that RRM- MV treatment could activate Akt by the phosphorylation
of the Ser-473 site. Further work will focus on binding of RRM-MV
with tumor specific biomarkers to achieve targeted delivery.

List of abbreviations

B16F0, mouse skin melanoma cell line; COLO-16, human
squamous cell carcinoma cell line; HDE, normal human dermal
fibroblast cell line; MM96L, human malignant melanoma cell line;
MYXYV, myxoma virus.
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