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[ Abstract ]

In colorectal cancer diverse mutations of genes involved in signal transduction pathways for cell survival and proliferation are
observed, which have been the therapeulic targets for improvement of malignancies. The present study was undertaken to
investigate whether NVP-BEZ235 (BEZ235), a dual inhibitor of PISK/mTOR, shows any anti-proliferative effect on colorectal cell
lines harboring KRAS, andfor, PIK3CA, andfor BRAF mutations and to determine whether these mulational status aftects the
sensilivity of colorecial cancer cells to BEZ235, BEZ235 treatment induced growth inhibition in all four cell lines tested, HCT116
cell line with both KRAS and PIK3CA mutation, and LoVo cell line with KRAS mutation showed higher |Cso values (64319 ni
and 663+7 nM, respectively) al 3 days post—treatment. On the other hand, HCT15 cell line harboring the. same mutational
status as HCT116 with KRAS and PIK3CA mutation, and HT29 cell line with BRAF mutation were more sensitive to BEZ235 {ICs
values: 25+7 nM and 213240 nM, respectively). At suboptimal concentrations of BEZ235 (50 nM), HCT116 and LoVo cell lines
were less responsive comparing with the HCT15 and HT29 cell lines, whereas a higher doses of BEZ235 showed a similar
response of growth inhibition in all four cell lines tested except HCT15. These studies provide the preclinical rationale for

evaluating the efficacy of BEZ235, (J Med Life Sci 2013:10(2):179-183)
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] Introduction |

KRAS, BRAF and PIK3CA are frequenily mutated in
colorectal cancer {CRC), approximately 40%, 15% and 17%,
respectively'®, These mutations result in aberrant activation
of the RAS/RAF/MEK and phosphinositide 3-kinase
(PI3K)/ Akt/mammalian iarget of rapamycin (mTOR) signaling
pathways”. Both the RAS/RAF/MEK and PI3K/Akt/mTOR
pathways are the chief mechanisms for regulation of cell
survival, proliferation, differentiation, tumor growth and
metabolism and have been employed as a potential
therapeutic target in human cancers including CRC*®,

NVP-BEZ235 (BEZ235) is a novel and orally available dual
inhibitor of both PI3K and its downstream mTOR. The
compound potently and reversibly inhibits both class I PI3K
and mTOR kinase catalytic activity by competing at their
ATP-binding site®. Several in vitro and in vivo studies have
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shown the anti-proliferstive and anti—tumor activities of
BEZ235 in diverse human cell lines and animal models™. In
terms of the relationship between mutation status and
sensitivity to BEZ235, however, there are some conflicting
and controversial reports, Whereas initial studies suggested
that the effect of BEZ235 may be confined to tumors
harboring mutations in PIK3CA™?, .others show no
differential efficacy of BEZ235 against PIK3CA wild type and
mutant cell lines'”,

In the present study to re—evaluate and extend these
findings, 4 human CRC cell lines having different mutational
status are selected and screened for their sensitivity of
growth inhibition to BEZ235 treatment. The result shows
that BZ235 has highly growth inhibitory activity in colorectal
cancer cell lines harboring KRAS and/or PIK3CA, or BRAF
mutants. Moreover, there is a differential sensitivity to
BEZ235 at suboptimal concentration (50nM), while stronger
inhibition of cell growth is observed at relatively higher
concentrations (800nM) in all four CRC cell lines tested,
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{ Materiats and methods ]

Cell lines and compounds

The human colorectal cancer cell lines, HCT116, HCT15
and HT29 were obtained from the American Type Culture
Collection {Manassas, VA) and LoVo {rom the DSMZ
(Braunschweig, Germany). These cell lines were grown in a
monolayer culture in DMEM (Sigma) supplemented with 10%
fetal bovine serum and 1% streptomycin/penicillin, and cells
were maintained at 37T in a humidified atmosphere
consisting of 5% CO:and 95% air, Cells have been regularly
tested for mycoplasma and kept free of this contamhatiﬁn
by treating 5 ug/ml of Plasmocin (InvivoGen). NVP-BEZ235
(BEZ235) was purchased from LC Laboratories (Woburn,
MA). BEZ235 was dissolved in dimethy! sulfoxide (DMSO.
Sigma) to a concentration of 2 mM and siored at-207,
DMSQO was added to the culture medium of control groups
and the final DMSO concentration was always kept below
0.1%.

Determination of sensitivity to BEZ235

Colorectal cancer cells were seeded into 24-well plates at
different initial densities (HCT116: 2x10* cells/well, HCTILS:
1x10* cells/well, HT29: 3x10* cells/well, and LoVo: 1xi0°
cells/well) according to the different rates of cell growth.
After 24 hours, cells were treated with 0, 50, 100, 200, 400
and 800 nM of BEZ235 for 1d. 3d and 5d. Medium
containing BEZ235 was changed every 24 hours. Cell
viability after BEZ235 treatment was assessed by incubating
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with MTT reagent for 3 hours at 37T, followed by
solubilization of the formazan crystal with propanol for 30
minutes, Absorbance was measured at 570 nm with a
microplate analyzer, All the experiments were performed
triplicate,

| Results |

To determine the effect of in vitro BEZ235 treatment on
cellular viability, four human CRC lines (HCT116, HCT15.
HT29 and LoVo) were treated with various concentrations of
BEZ235 (50-800nM) for 1d, 3d. and 5d. and cellular viahility
was assessed using MTT assay. All four cell lines tested in
the present study responded well to the BEZ235 treatment.
However there is a differential sensitivity to BEZ235
treatment in both cell line specific and BEZ235 dose=~
dependent manner. HCT116 cell line with both KRAS and
PIK3CA mutation, and LoVo cell line with KRAS mutation
showed higher ICw values(643+19 nM and 6637 nM,
respectively) at 3 days post~treaiment. On the other hand,
HCT15 cell line harboring the same mutational status as
HCT116 with KRAS and PIK3CA mutation, and HT29 cell
line with BRAF mutation were more sensitive to BEZ235
(ICw values: 25+7 nM and 213£40 nM, respectively) (Fig. 1).
In respect to dose-dependent sensitivity of these cell lines
to BEZ235 treatment, at suboptimal concentration of BEZ235
(50 nM) HCT116 and LoVo cell lines were less responsive as
compared with the HCT15 and HT29 cell lines, whereas at
higher concentration (800 nM) HCT116, HT29 and LoVo but
HCT15 give a similar sensitivity (Fig. 2),
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Figure 1, A differential sensitivity of colorectal cancer cell lines to increasing doses of NVP-BEZ235 incubated for 1 d, 3 d and 5d, Cell
viability was. determined by MIT assay, HCT15 (B, ICo = 257 nM) and HT29 (C, IC» = 213440 nM) are more sensitive than HCT116 (4,
IC50 = 343+19 nM } and ToVo (D, IC» = 663+£7 nM)} at 3 d post—treatmment. The data wes normalized o the value of control celi, Points,

mean (n = 3 experiments); bars, SE,
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Figure 2. Dose—dependent differential sensitivity of colorectal cell
lines to 72 h NVP-BEZ235 treatment. Cell viability was
determined using MIT assay. HCT15 and HI29 are more sensitive
than HCT116 and LoVo to BEZ235 treatment at suboptimal
concentration (50 nM), HCT115, HT29 and LoVo but HCT15 give a
similar sensgitivity at higher concentration (800 nM), The data was
normalized to the value of control cell Points, mean (n = 3
experiments); bars, SE. *, P0.001,

[ Discussion )

The present study investigated the growth inhibitory effect
of BEZ235, a dual inhibitor of PI3K and mTOR, in four CRC
cell lines with different mutational status, It revealed that
HCT118 (both PIK3CA and KRAS mutation) and LoVo (KRAS
mutation) are less sensitive to BEZ235 comparing with HT29
(BRAF mutation) and HCTi5 (both PIK3CA and KRAS
mutation), Moreover, af suboptimal dose of BEZ235 (50 nM)
it shows the differential responses of growth inhibition
irrespective of mutational status, while there is a strong
growth inhibitory effect at higher concentration of BEZ235
(800 nM) in all four cell lines tested here.

It has been known that cell survival, pro]jferétiop, tumor
growth, cell metabolism and cell motility are regulated by
RAS/RAF/MEK/ERK and RAS/PISK/Akt/mTOR signaling
pathways, The activation of these pathways occurs after
ligands binding to their receptor, which successively triggers
a chain of downstream signaling events. Abnormal activation
of these pathways occurs in many human cancers due to
mutations at the upstream membrane receptors, RAS and
BRAF as well as PI3K, PTEN and Akt, For these reasons,
inhibitors for the components of RAS/RAF/MEK/ERK and
RAS/PISK/Akt/mTOR cascades have been developed for the
therapeutic intervention of human malignant cancers?, For
example, compounds blocking RAS, RAF, MEK, PISK, Akt,

- mTOR and some downstream targets have been developed
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and many are currently in clinical trials. However, due to
cross activation and signaling convergence between these
two pathways the oncogenic activation of RAS/RAF/MEK/
ERK and RAS/PI3K/Akt/mTOR signaling can facilitate the
development of resistance to therapeutics targeting only one
pathway™,

In CRC. oncogenic mutations of KRAS, BRAF, and PIK3CA _

are frequently found and result in the aberrant activation of
signaling cascades, predominantly RAS/RAF/MEK /ERK and
RAS/PI3K/Akt/mTOR pathways, NVP-BEZ235 is a dual
inhibitor of pan—class | PISBK and mTOR kinase which has
been proved to have anti—proliferative and anti-tumor
activity in & number of human cancer cells” including CRC
cell lines and xenograft mouse models®, Some studies have
suggested that PIK3CA mutant cancers show the increased
sensitivity to PIK3CA inhibitor therapy but others have
demonstrated the comparable efficacy of BEZ235 against
both PIK3CA mutant and wild type human cell lines", In
addition, a group has showed the differential sensitivity of
human CRC celi line to BEZ225 depending on the mutational
status?, while other does not give any relationship between
mutational status and sensitivity of CRC cell lines to
BEZ235 treatmeni'. In the present study, HCT116 and
HCT15 CRC cell lines have the same mutations of PIK3CA
and KRAS but the growth inhibitory effect of BEZ235
treatment is much more greater in HCT15 than in HCT116
(IC==25+2 nM versus 643x33 nM) at 3 days post-treatment,
The concurrent mutations of KRAS and PIK3C lead to
additive activation of PIK/Akt/mTOR signaling pathway.
BEZ235 has been known to inhibit mTOR conly at a low
concentration ({100 nM) but dual PI3K/mTOR blockade is
observed at relatively higher concentration (3500 nM)'"™.
Thus, treatment of higher concentration of BEZ235 could
abolish the enhanced PIK/Akt/mTOR pathway, giving a
similar sensitivity in these two cell lines, but at low
concentration HCT1S cells are more sensitive than HCT116
cells to BEZ235 treatment. In the present, the reason for
this differential sensitivity at low concentration of BEZ235
between two cell lines with the same mutational status is
unknown and may result from cell lineage—specific effects™,

BRAF mutations were not thought to frequently occurred
in human cancer and more attention was paid to KRAS
mutations which are frequently observed in human CRC
(ahout 40%). KRAS mutations activate both RAF/MEK/ERK
and PI3K/AKT/mTOR pathways, However, recent studies
have shown that BRAF is frequently mutaied in certain
types of cancer including CRC (5 t0 20%). HT29 (BRAF
mutant) and LoVo (KRAS mutant) cell lines show similar

sensitivity to BEZ235 treatment especially at higher
concentration. implying the almost complete inhibition of
PI3K and mTOR with BEZ235,

In summary, this study was undertaken to delineate the
effect of BEZ235 treatment on the survival of four CRC
cells harboring different mutational status. 1t shows the
dose— and tiime—dependent growth inhibition of all four cell
lines following BEZ235 treatment. However, BEZ235
treatment results in only partial growth inhibition even at
higher concentration in all four CRC cell lines
(approximately 60% inhibition at 800 nM) regardless the
status of their mutations. This may be due to cross talk and
signal convergence between RAS/RAF/MEK/ERK and
RAS/PISK/Akt/mTOR pathways. Therefore to enhance the
efficacy of therapeutic intervention in the future clinical
trials, further studies are required by employing inhibitors of
RAS/BRAF/MEK/ERK pathway in combination with BEZ235.
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