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Abstract

Clinical and preclinical studies have shown that inhibition of Akt or mammalian target of rapamycin (mTOR)
signaling alone is not sufficient to treat colorectal carcinoma. Recently, the nitric oxide (NO) donor glyceryl trinitrate
(GTN) was reported to revert the resistance to anticancer agents. In search of combination therapies, we show
here that concomitant treatment with GTN, an Akt inhibitor, triciribine and a non-specific protein kinase A inhibitor,
H89 synergistically induced apoptosis of rapamycin-resistant colon cancer cells as evaluated by Hoechst staining.
Biochemical analyses as western blotting indicated that treatment of cells with H89 induced activation of Akt and
p70S6K1 as attested by their phosphorylation. This effect did not blockade GTN/H89-inducing apoptosis but
restrained it since addition of triciribine dramatically enhanced apoptosis. This phenomenal synergistic effect was
correlated to a breaking-down of the expression of phosphorylated Akt and p70S6K1. Finally, transient siRNA-
mediated knockdown of the mTORC2 protein, rictor, significantly increased apoptosis induced by GTN/H89. In
contrast, pharmacologically inhibition of MTORC1 and siRNA-mediated knockdown of the p70S6K1 did not modified
GTN/H89 priming of apoptosis. These findings provide a preclinical proof of concept-for-combination therapy to
enhance therapeutic efficacy in rapamycin-resistant colorectal carcinoma.
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Introduction

Colorectal cancer (CRC) is a major health issue. It is one of the
major causes of cancer mortality worldwide and continues to be the
third most common cause of cancer-related deaths in the U.S [1].
Despite the new anticancer drugs such as irinotecan and oxaliplatin,
the median survival for patients with metastatic CRC is still less than
20 months, which underscores the urgent need for the development of
more efficient novel therapeutic approaches [2]. Novel compounds have
been developed with the aim of targeting specific tumor promoting
signaling pathways in order to induce tumor regression [3].

Akt, a serine/threonine protein kinase, coordinates a variety of
intracellular signals involved in cell cycle progression, apoptosis, and
cell metabolism, as (i) the increase in the levels of cyclin D1 and a
reduction of the cyclin-dependent kinase (Cdk) inhibitors p21* and
p275F! [4,5], (ii) the inhibition of two pro-apoptotic proteins, caspase
9 and Bad [6,7], (iii) the activation of mTOR [8,9]. Consequently, its
constitutive activation contributes to aberrant cell cycle regulation, a
hallmark of many cancers [10]. The phosphorylation of Akt is necessary
to mediate the phosphatidylinositol 3-kinase (PI3K) signaling, specially
on its Threonine 308 which is required in the activation loop by the
phosphoinositide-dependent kinase 1 (PDKI1). Another important
kinase that is activated downstream of AKT is mTOR, a serine/
threonine kinase, that regulates two distinct cellular complexes: mTOR
complex 1 (mTORCI1) and mTOR complex 2 (mTORC2). mTORCI1
includes mTOR, mTOR regulatory-associated protein of mTOR
(Raptor), mLST8, and prolin-rich Akt substrate 40 (PRAS40), whereas
mTORC?2 consists of mTOR, mLST8, rapamycin-insensitive companion
of mTOR (Rictor), stress-activated MAPK-interacting protein 1 (Sinl),
and PROTOR [9].

Although Akt phosphorylates and then activates components of
mTORCI, it is directly phosphorylated on serine 473 and activated by
mTORC2 [8]. Thus, Akt and mTOR pathways act together to promote
cell growth, division and survival.

Amplification and overexpression of Akt and activation of mTOR
pathways are frequently detected in a number of human tumors
including colon [11]. For these reasons, these kinases represent a highly
attractive target for novel cancer therapies [12]. It has been reported
that inhibition of Akt phosphorylation by PI3K/Akt inhibitor enhances
apoptosis induced by chemotherapy agents and radiation. This occurs
only in cells with high Akt/PKB activity [13]. Previous studies have also
demonstrated that some chemotherapy or cytotoxic agents inactivate
Akt, thus causing or enhancing apoptosis [14-16]. Recently, it has
been shown that Akt phosphorylation at serine 473 predicts benefit
from the sequential addition of paclitaxel to adjuvant doxorubicin plus
cyclophosphamide chemotherapy in patients with node-positive breast
cancer [17].

New treatment regimens are also introduced that maximize the
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therapeutic impact on cancer patients. Recently, Glyceryl Trinitrate
(GTN), amember of the group of organic nitrate compounds [18] largely
used in clinical medicine to treat angina pectoris via the release of nitric
oxide (NO) or related species [19], has emerged as being beneficial in
the treatment of patients suffering from cancer. A phase II trial [20]
demonstrated an improvement in the overall response and time to
progression in patients with inoperable non-small-cell lung cancer
treated with GTN. Recently, another phase II trial [21] indicated that
low doses of GTN could prevent prostate-specific antigen progression
in men with recurrent cancer after primary treatment failure. We
previously reported that, in vitro, high concentrations of GIN (in the
micromolar range) induced caspase-mediated apoptosis and sensitized
colon cancer cells to Fas/CD95 ligand-mediated cell death [22].

Here, we show that an unexpected activation of Akt by a protein
kinase inhibitor renders human colon cancer cells sensitive to apoptosis
induced by the combination of subtoxic concentrations of GTN and the
Akt specific inhibitor triciribine.

Materials and Methods
Reagents and antibodies

GTN was purchased from Merck (Lyon, France), H89 [N-[2-(p-
Bromocinnamylamino) ethyl]-5-isoquinolinesulfonamide.2HCI] from
Interchim (Montlugon, France) and H7, H8, H9 were purchased from
Enzo life sciences (Villeurbane, France). Triciribine was purchased
from Calbiochem (Meudon, France) and the mTORCI1 inhibitor,
Rapamycin, from Santa Cruz (Santa Cruz Biotechnology, Santa Cruz,
CA). Antibodies directed against Aktl, Akt2, rictor, and HSC70
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Antibodies directed against Akt, phospho-Akt (S473), phospho-Akt
(Thr308), p70S6K1, phospho-p70S6K1 were purchased from Cell
signaling (Saint Quentin Yvelines, France).

Cell culture and transfection experiments

The SW480 and HCT8 human colorectal cancer cells were
purchased from American Tissue Culture Collection (Manassas, VA).
Each cell line was never continuously passed in culture for more than
3 months, and after that, a new vial of frozen cells was thawed. These
cells were grown in 1:1 (vol/vol) DMEM: HAM-F10 (Biowhittaker,
Fontenay-sous-Bois, France), supplemented with 5% FCS (Gibco BRL,
Eriny, France), and 2 mmol/L L-glutamine at 37°C in a dry atmosphere
without supplementation with 5% CO, (the optimal conditions
to induce apoptosis). Cells were routinely detached with 0.125%
trypsin-0.1% EDTA, and washed once in the culture medium before
treatment. siRNAs (Santa Cruz Biotechnology, Santa Cruz, CA) were
used to down-regulate p70S6K1 and rictor using the INTERFERin™ as
outlined by the manufacturer (Polyplus transfection™).

Patient samples

Human tumor specimens were obtained from the Anticancer
Centre Georges-Frangois Leclerc (Dijon, France) under Institutional
Review Board-approved studies. All patients provided written,
informed consent.

Quantitation of apoptotic cells

Cells (3 x 10°/mL) were treated with GTN (10 uM) and/or H89 (10
uM) with or without triciribine for 48 hours at 37°C. After treatment,
the whole population of cells including plastic-attached and floating
cells was washed in cold phosphate buffer saline (PBS) and exposed
for 15 minutes to 1 pg/mL Hoechst 33342 at 37°C before evaluating

changes in cellular nuclear chromatin by fluorescence microscopy. The
percentage of apoptotic cells (chromatin condensation and nuclear
fragmentation) was determined by counting 300 cells in each sample.

Phospho MAPK array

A human phospho MAPK array kit (R&D Systems) has been used
for the parallel determination of the relative levels of phosphorylation
of Mitogen-Activated Protein Kinases (MAPKs) and other serine/
threonine kinases, as outlined by the manufacturer. Briefly, cell lysate
samples are diluted and mixed with a cocktail of biotinylated detection
antibodies, and incubated overnight with the Proteome Profiler Human
Phospho-MAPK Array. Streptavidin-HRP and chemiluminescence
detection reagents are applied, and a signal is produced at each capture
spot corresponding to the amount of phosphorylated protein bound.

Immunoblot analysis

Cells (3 x 10°/mL) were washed twice with cold PBS and whole-cell
lysates were prepared in boiling buffer (1% sodium dodecyl sulphate
(SDS), 1 mmol/L sodium-orthovanadate, 10 mmol/L Tris pH 7.4).
Lysates were harvested and protein concentration was measured by using
a Bio-Rad DC protein assay kit. Fifty ug of proteins were incubated in
loading buffer (125 mmol/L Tris-HCl, pH 6.8, 10% {3-mercaptoethanol,
4.6% SDS, 20% glycerol and 0.003% bromophenol blue), separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and blotted onto PVDF membrane (BioRad). After blocking non-
specific binding sites for 2 hours with 8% non fat milk in TPBS (PBS 1X,
Tween 20 0.1%), the membrane was incubated overnight at 4°C with the
primary Abs. After three washes in TPBS, the membrane was incubated
with horseradish peroxidase-conjugated goat anti-mouse or anti-rabbit
Abs for 45 minutes at room temperature, then washed three times in
TPBS. Immunoblot was revealed using enhanced chemiluminescence
detection kit (Luminol, Santa Cruz) and autoradiography.

Immunohistochemical staining

The expression level of phosphorylated Akt at serine 473 was
performed on paraffin-embedded human colon tumours section
on 5 pum thick. Sections were deparaffined and antigen retrieval was
performed before the inhibition of endogen peroxidase and the
blocking of nonspecific sites with BSA and normal goat serum. Sections
were incubated for 30 min with anti-phospho-Akt Ser473 monoclonal
antibody (Cell Signaling) (1:100) at 4°C overnight followed by
incubation with biotinylated link secondary antibody anti-rabbit for 45
min at room temperature. The slides were incubated with streptavidin-
linked peroxidase for 30 min at room temperature. The slides were
rinsed with 1X PBS-T three times for 5 min and the AEC solution
(Vector laboratory) and were applied to cover specimen for 20 min
at room temperature. The slides were rinsed with distilled water and
counter stained with 10% haematoxylin. Finally, the slides were rinsed
in a distilled water bath and mounted.

Results

The protein kinase inhibitor H89 increases sensitivity of
colon cancer cells to GTN and Akt inhibitor

Many colon cancer cells show resistance to Pi3K/Akt inhibitor
treatment. Therefore, we were interested in determining which drugs
are able to overcome resistance of colon cancer cells to Pi3K/Akt
inhibitor. To address this, we first selected two human colon cancer cell
lines SW480 and HCTS8 that have been found to be resistant to apoptosis
induced by the specific Akt inhibitor triciribine (Figures 1A and B). The
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two cell lines remained insensitive to triciribine even when exposed to
high concentrations of the inhibitor (over than 30 uM) and exposed for
up to 48 h. It is worthy to note that the two cell lines expressed Aktl and
Akt2 isoforms as assessed by western blotting (Figure 1C) but not the
kinase phosphorylated forms occurring at serine 473 and threonine 308
(data not shown). The observation that nitric oxide (NO) can sensitize
various cancer cells to apoptosis induced by cytotoxic agents [23] raises
questions regarding whether NO might also be able to sensitize the two
colon cancer cell lines to the Akt inhibitor. To test this hypothesis, cells
were stimulated with a subtoxic concentration of the NO donor glyceryl
trinitrate (GTN) and with increasing concentrations of triciribine for
24 h and 48 h time periods and apoptosis was assessed. As shown in
Figures 1A and 1B, GTN sensitized slightly but significantly cancer
cells to triciribine-induced apoptosis. In search of effective combination
therapies, we found that co-treatment of cells with the protein kinase
inhibitor H89 and GTN and triciribine for 48 h dramatically induced
apoptosis in the two cell lines (Figures 1A and 1B). We note that, longer
incubation time and relative high concentrations of H89 sensitized

HCTS8 cells to cell death induced by GTN and triciribine (Figure 1B).
Interestingly, co-treatment with H89 and triciribine induced apoptosis
in both cell lines but still much lower than their combination with
GTN. These results indicated that the combination of a protein kinase
inhibitor H89 with an Akt inhibitor and a NO donor synergistically and
dramatically induced apoptosis of colon cancer cells.

The protein kinase inhibitor H89 activates the Akt/mTOR
signaling pathway

We were interested in determining how H89 could sensitize cells to
apoptosis induced by GTN and triciribine. As H89 is a protein kinase
inhibitor, we first examined whether its effect was due to its ability to
inhibit protein kinases. Screening of SW480 cells for phosphorylation
of 21 serine/threonine protein kinases using a phosphokinase array
kit revealed that while H89 inhibited some target kinases such as
JNK1, RSK1, and P38y, as expected (Table 1), it paradoxically induced
phosphorylation of 2 isoforms of the protein kinase Akt, Aktl and Akt2
(Table 1 and Figure 2A) without affecting the whole protein levels as
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Figure 1: Sensitization of SW480 cells and HCT8 cells to GTN/triciribine combination by H89. Exponentially growing (A) SW480 cells (3 x 10%mL) and (B) HCT8
cells (3 x 10%/mL) were pretreated for 1 h 30 with an Akt specific inhibitor triciribine at indicated concentrations before exposure to GTN or/and H89 (10 pM each) for
24 hours or 48 hours. Apoptotic cells were counted after Hoechst 33342 staining. Results are the mean SD of 3 independent experiments. *p<0.05. (C) Western blot
analysis of Akt1 and Akt2 isoforms in SW480 cells and HCT8 cells (1 representative of 3 independent experiments).
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cells (data not shown).

Figure 2: H89 induces phosphorylation of Akt on serine 473 and threonine 308 and the mTOR target kinase, p70S6K. (A) SW480 cells were treated for 48 hours with
H89 (10 uM) or left untreated (NT). Cell lysates were analyzed with a phospho-MAPK Array kit to detect the phosphorylation status of Akt isoforms (Akt1, Akt2, Akt3).
Each point was analyzed with image J software to express the results in guise of relative intensity. The positive control is an internal control supplied with the kit and
represents 100% of the signal (pixel density). (B) Western blot analysis of Akt1 and Akt2 in SW480 cells after H89 treatment (10 uM) for 48 hours. HSC70 was used
as a control for equal protein loading expression (1 representative of 3 independent experiments). (C and D) SW480 cells (3 x 10%mL) and HCT8 cells (3 x 10°%/mL)
were treated with GTN (10 uM) or/and H89 (10 pM) or left untreated (Ctrl) for 24 hours at 37°C. Total proteins were obtained and subjected to western blot analysis
for Akt, pAkt ser 473, pAkt thr 308 expression (C), p70 and pp70 expression (D) (1 representative of 3 independent experiments). Results have been obtained after
a short exposure of the film (10 min). However, longer exposure of the film (30 min and more) permits the visualization of a slight expression of pAkt1 in non treated
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assessed by western blotting (Figure 2B). However, phosphorylation
of Akt3 was difficult to detect in our experimental settings probably
due to the low level of expression of this isoform in SW480 cells (data
not shown). As Akt is phosphorylated and then activated on two key
residues: Threonine 308 (Thr*®) and serine 473 (Ser*’®), we examined
the two cell lines for their expression of phosphorylated Akt (pAkt) at
Thr308 (pAktThr*®) or at Ser*”? (pAktSer*”?) by western blot analysis. As
shown in Figure 2C, H89 strongly increased the levels of both pAktThr**
and pAktSer*” in the two cell lines. It is noted that GTN did not induce
the phosphorylation status of Akt, nor substantially enhanced the
effect of H89 (Figure 2C). To demonstrate that phosphorylated Akt
was active, we tested the effect of H89 on the phosphorylation status
of Akt downstream effectors such as the kinase p70S6K1. Western
blotting showed that phosphorylated p70S6K1 (pp70) was not detected
in both SW480 and HCT-8 cells before and after treatment with GTN.
In contrast, however, phosphorylated p70S6K1 was detected in both
cell lines treated with 10 uM H89 for 24 h (Figure 2D). These results

show for the first time that the protein kinase inhibitor H89 is a potent
activator of the Akt/mTOR pathway in human colon cancer cells.

Triciribine inhibits H89-mediated phosphorylation of Akt
and mTOR signaling pathway

We next asked whether H89-inducing activation of the Akt/
mTOR signaling pathway was affected by triciribine in colon cancer
cells. To this end, we treated SW480 cells with 10 uM H89 and/or
10 uM GTN in the absence and presence of 10 uM triciribine. After
24 h in culture, SW480 cells were lysed and examined by western
blotting for the phosphorylation of Akt and the downstream kinase
p70S6K1. Triciribine treatment completely abrogated H89-induced
phosphorylation of Akt either on serine 473 or threonine 308 without
affecting the whole protein expression (Figure 3A). Triciribine also
inhibited H89-mediated phosphorylation of p70S6K1 (pp70) while
the expression of the non phosphorylated protein (p70) remained
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(?ontrol . .H89 (% rt?l:el- Ratio
(% relative to positive tive to positive Hs9/control

control) control)
ERK1 102 97 0,95
JNK1 9 2 0,24
JNK pan 2 9 3,87
P38g 12 3 0,25
P38d 1 0 0,00
RSK1 29 6 0,23
GSK- 3a/b 25 15 0,62
Akt-1 50 98 1,93
Akt- 2 1 60 43,00
ERK-1 100 92 0.92
JINK- 2 6 0 0,00
P38-2 51 37 0,72
P38b 6 3 0,51
RSK2 0 0 0,00
GSK-3b 0 0 1.08
Akt 3 6 10 1,57
Akt pan 19 82 4,41
JNK 3 6 6 0,94
MSK 2 18 27 1,52
HSP 27 31 7 0,23
P 70 S6 kinase 3 0 0,06

Table 1: Phosphokinase profile of H89-stimulated SW480. Values represent the
percentage of phosphorylated kinases relative to the positive control (% relative
to pos. Control), an internal control supplied with the kit and represents 100% of
the signal, in untreated SW480 cells (control) or treated with H89 (H89). The ratio
(H89/control) represents the fold increase or decrease of phosphorylated kinases
by H89.

unchanged (Figure 3B), confirming that triciribine was a potent
inhibitor of Akt and mTOR pathway. It is noteworthy that the potential
of H89 to phosphorylate Akt at serine 473 was higher as compared with
the other members of H family (Figure 3C). Phosphorylation of Akt
at threonine 308 and p70S6K was faintly induced by the other family
members of H89 (Figures 3C and 3D). Triciribine also abrogated the
low level of Akt phosphorylated at serine 473 by H7, H8, and H9
(Figure 3C). These results indicate that triciribine is a potent inhibitor
of H89-mediated Akt/mTOR activation in colon cancer cells.

mTORCI1 inhibition alone is not enough to enhance apoptosis
induced by GTN/H89

To examine how triciribine enhanced apoptosis triggered by GTN/
H89, the possible involvement of mTORCI pathway was investigated.
Similarly to triciribine effect, exposure of SW480 cells to 50 nM
rapamycin for 24 h completely abrogated phosphorylation of p70S6K1
induced by H89 or H89/GTN (Figure 4A). However, in these cells
rapamycin did not affect GTN/H89-induced apoptosis (Figure 4B).
Furthermore, when cells were transfected with specific siRNA, down-
regulating the expression of p70S6K1 (Figure 4C), exposure of these
cells to H89/GTN did not create a synergistic effect as observed with
triciribine in non transfected cells (Figure 4D). This suggests that
mTORCI inhibition is not essential in the signaling of triciribine-
mediated cell death enhancement.

mTORC2 signaling inhibition could be involved in triciribine-
mediated enhancement of apoptosis induced by GTN/H89

As phosphorylation of Akt at serine 473, which is abrogated by

of 3 independent experiments).
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Figure 3: Triciribine abrogates the specific activation of Akt/mTOR signaling pathway by H89. SW480 cells (3 x 10%mL) were pretreated for 1 h 30 with triciribine
(10 pM) before exposure to GTN or/and H89 (10 uM each) for 24 hours. (A) Western blot analysis of Akt, pAkt ser 473 and pAkt thr 308 expression, (B) Western blot
analysis of p70 and pp70. (1 representative of 3 independent experiments). (C and D) SW480 cells (3 x 10%/mL) were pretreated for 1 h 30 with triciribine (10 uM)
before exposure to H89, H7, H8 and H9 (10 uM each) for 24 hours. Total protein was isolated and subjected to western blot analysis for (C) Akt, pAkt ser 473, pAkt thr
308 expression (longer exposure of films has been required to detect slight expression of pAkt), (D) Western blot analysis of p70 and pp70 expression (1 representative
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Figure 4: mTORC1 signaling inhibition is not sufficient to enhance apoptosis induced by GTN/H89. SW480 cells (3 x 105/mL) were pretreated for 1 h 30 with rapamycin
(50 nM) before exposure to GTN or/and H89 (10 uM each) (A) for 24 hours to analyze by western blot p70 and pp70 expression or (B) for 48 h to count apoptotic
cells after Hoechst 33342 staining. (C) SW480 cells were transfected with a p70-specific siRNA. Total protein was isolated and subjected to western blot analysis for
p70 expression. HSC70 was used as a control for equal protein loading (1 representative of 3 independent experiments). (D) p70-specific siRNA-transfected SW480
cells were treated with GTN or/and H89 (10 uM each) for 48 h at 37°C. Then, apoptotic cells were counted after Hoechst 33342 staining (Results are the mean SD of
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triciribine, is mediated by mTORC2, the involvement of this complex
was investigated. SW480 cells were transfected with specific siRNA,
down-regulating the expression of rictor (Figure 5A). In these
cells, phosphorylation of Akt at serine 473 by H89 was substantially
diminished (Figure 5B). Further, cells transfected with rictor siRNA
became more sensitive to apoptosis induced by GTN/H89 (Figure 5C).
These results provide evidence that triciribine enhances GTN/H89-
induced apoptosis of human colon cancer cells by affecting mTORC2
but not mTORCI1 signaling pathway.

pAkt*”? expression in colon cancer tumor cells

We also attempted to determine whether phosphorylated Akt
at serine 473 was expressed in colon cancer cells from patients. By
immunohistochemistry, we observed that the tumour cells of three
patients tested exhibited a clear staining with an anti- pAkt®™” (Figure
6, right panel) as compared to the healthy tissue (Figure 6, left panel).
Although the few numbers of patients tested our results indicated that
as opposed to the cell lines tumor cells might express pAktse7,

Discussion

Colorectal cancer is one of the most common human malignancies.
Despite recent advances in EGFR and Pi3K/Akt/mTOR-targeted
therapies, it remains a leading cause of cancer-related death and

urgently need new therapies to overcome the resistance to these latter
treatments. We have previously shown that nitric oxide triggered
and sensitized colon cancer cells to cytotoxic agents [22,24]. Because
these studies suggested that NO is a promising agent for new adjuvant
therapies, the search of combination of NO and some protein kinase
inhibitors, including those targeting the oncogenic kinases of Pi3K/
Akt/mTOR pathway was conducted. In this study, we show for the
first time that the combination of the NO donor GTN and two protein
kinase inhibitors: the non specific PKA inhibitor H89 and the specific
Akt inhibitor triciribine, results in the induction of apoptosis of human
colon cancer cells. The results are consistent with data which showed
that combination of drugs that blocks multiple kinase cell growth
pathways leads to the inhibition of cell cycle progression and growth of
colorectal carcinoma cells [25,26]. As several reports have suggested that
tumors with elevated level of phospho-Akt are most likely to respond to
Akt inhibitors [27,28] the activation status of Akt has been evaluated.
Our results showed that H89 induced Akt activation as attested by its
phosphorylation at serine 473 and threonine 308. Such effect seems
to restrain apoptosis induced by GTN/HS89, since inhibition of Akt
activation by triciribine strongly exacerbated cell death. Although the
molecular mechanism by which GTN unlocks colorectal cancer cell
resistance is not deciphered, NO may exert its pro-apoptotic effect by
altering the Akt inhibitors-mediated activation of RTKs as described by
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Figure 5: The mTORC2 activity inhibition is sufficient to enhance apoptosis induced by GTN/H89. (A) SW480 cells were transfected with rictor-specific siRNA or a
control siRNA (mock) (20 nM each) for 48 hours. Total protein was isolated and subjected to western blot analysis for rictor expression. HSC70 was used as a control
for equal protein loading (1 representative of 2 independent experiments). (B) Transfected cells were treated with GTN or/and H89 (10 pM each) for 24 hours to
analyze by western blot Akt and pAkt ser 473 expression (1 representative of 2 independent experiments). (C) Transfected cells were treated with GTN or/and H89 (10
UM each) for 48 hours and apoptotic cells were counted after Hoechst 33342 staining (Results are the mean SD of 2 independent experiments).

Figure 6: pAkt*”® was expressed in colon cancer tumor cells. Immunohistochemical staining of phosphorylated Akt in paraffin-embedded human colon tumours using
phospho-Akt (Ser473) antibody (IHC specific). Representative immunohistochemical staining of phospho-Akt paraffin fixed specimens. Expression of phosphorylated
Akt was visualised in colon cancer tissue (right panels, brown) compared to normal colon tissue (left panels).
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Chandarlapaty et al. [29]. It is noteworthy that three RTKSs, epidermal
growth factor 3 (EGFR-3) or HER3, insulin growth receptor 1 (IGF-1R)
and macrophage-stimulating protein receptor (MSPR) are activated in
colon cancer cells including SW480 [30,31]. As NO is able to inhibit
the function of IGF-1R [32], GTN could render cancer cells sensitive to
apoptosis induced by H89 and triciribine. NO is also able to reversibly
inhibits the EGFR tyrosine kinase [33] which is highly expressed and
activated in colorectal carcinomas and cell lines including SW480 [34].
In this study, we also show that H89 activated mTORC]1, a downstream
pathway activated by Akt. Although this complex is activated it seems
not involved in cell resistance since its inhibition by rapamycin does not
sensitize cells to apoptosis-induced by GTN/H89. This is consistent with
results showing that SW480 and HCTS cells are resistant to rapamycin-
induced tumor growth inhibition and cell death [35,36]. In contrast,
inhibition of mTORC2 and then phosphorylation of Akt at serine 473
enhanced GTN/HS89 triggered apoptosis as triciribine does, suggesting
that in our model of rapamycin-resistant colon cancer cells, MTORC2
plays a role in the resistance of cells to GTN/H89-induced apoptosis.
These results are consistent with reports showing that inhibition of
mTORC2 reduces colon cancer cell proliferation in vitro and tumor
xenograft formation in vivo [37]. Collectively, our current study
describes for the first time the induction of cancer cell apoptosis by NO
and the inhibition of oncogenic protein kinase. Actually, human colon
cancer cell died by apoptosis when the NO donor GTN was associated
with a protein kinase inhibitor H89, that functions as a potent activator
of the Akt/mTOR signaling pathway, and triciribine a specific inhibitor
of Akt.

These findings indicate a great value for future preclinical
investigations, and provide a piece of proof-of-concept evidence for
potential combination with GTN/H89/triciribine for enhanced colon
cancer cell killing in a phase I clinical trial. Indeed, several published
studies have reported the effective and safe use of GTN alone or
associated with chemotherapy in patients with lung or prostate cancer
[20,21]. In recent phase I/II clinical trials in patients with advanced
solid tumors [38] or with advanced hematological malignancies [39]
administration of triciribine resulted in inhibition of Akt in tumor cells.
More importantly, triciribine was safe and well tolerated. Recently, it
has been shown that H89 augmented the apoptosis of glioma cells
induced by the EGFR tyrosine kinase inhibitor gefitinib through Bad
dephosphorylation, Bax mitochondrial translocation, and caspase-9/
caspase-3 activation [40].
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