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Improving colon cancer therapy with a new promising small-molecule
activator of the p53-pathway through disruption of p53-MDM2/MDMX
interactions
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Abstract

Impairment of the tumour suppressor p53 pathway is a major event in human cancers,
making p53 activation one of the most attractive therapeutic strategies. This work describes
the synthesis and biological evaluation of the (R)-tryptophanol-derived bicyclic lactam SYNAP
as a selective p53 activator with potent anticancer activity against colon cancer. SYNAP
anticancer activity and mechanism of action was studied in human colon adenocarcinoma
HCT116 cells with wild-type p53 (HCT116p53**) and the corresponding p53-null isogenic
derivative cells (HCT116p537), presenting a potent anti-proliferative effect dependent on p53
status. In HCT116p53** cells, SYNAP p53-dependent growth inhibition was associated with
cell cycle arrest, apoptosis, anti-migratory activity and upregulation of several p53
transcriptional targets. Data from a yeast-based assay and a co-immunoprecipitation assay in
human cancer cells, indicated that SYNAP targeted p53 by inhibiting its interaction with
murine double minute (MDM)2 and MDMX. Moreover, SYNAP sensitized colon cancer cells to
the cytotoxic effect of known chemotherapeutic agents. In addition, SYNAP did not induce
acquired or cross-resistance and re-sensitized doxorubicin-resistant colon cancer cells to the
therapy. Importantly, SYNAP was non-genotoxic and presented low cytotoxic effects against
normal cells.

Collectively, this work reports a new selective dual inhibitor of p53-MDM2/MDMX
interactions with promising application in colon cancer therapy, both as monotherapy and in
combination with known chemotherapeutic agents. Additionally, SYNAP represents a starting
point for improved p53 activators, particularly inhibitors of p53-MDM2/MDMX interactions.
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Improving colon cancer therapy with a new
promising small-molecule activator of the p53-
pathway through disruption of p53-
MDM2/MDMX interactions

* Colorectal cancer is a leading cause of cancer

incidence/death worldwide

* 56% of colorectal cancer patients die from the

disease

Lack of effective treatments
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The p53 family of tumor suppressor proteins

Stress signals Targeting p53 family proteins:
a valuable strategy in cancer therapy
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p53 family proteins, p53, p63 and p73 are
sequence specific transcription factors
Wei and Zaika (2012). J Nucl Acids 2012, 687359.; Kruiswijk F et al., Nat Rev Mol Cell
Biol, 2015, 16:393-405.
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Targeting p53 in cancer
Impairment of p53 function can be found in the majority of human cancers
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Lenos and Jochemsen, J Biochem Biotechnology, 2011, 876173 Popowicz, et al, Ang Chemie Inter, 2011, 50:2680-88.; Li, et
al, Cell cycle, 2010, 9:1411-20.; Li and Lozano, Clin Cancer Res, 2013, 19:34-41.; Hoe, et al, Nat Rev, 2014, 13: 217-236
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SYNAP has p53-dependent growth inhibitory effect in human cancer cells

Sulforhodamine B assay
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SYNAP has p53-dependent growth inhibitory effect in human colon cancer cells
through induction of apoptosis and cell cycle arrest
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SYNAP was tested at 15 uM on HCT116 cells for 48h or 24h
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SYNAP has p53-dependent anti-migratory activity in human colon cancer cells

Wound healing assay
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SYNAP was tested at 7 uM on HCT116 cells for 32h; Data are mean+SEM (n=5); *p<0.05
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SYNAP activates p53 by inhibiting its interaction

Soares et al., Eur J Pharm Sci, 2014, 50928-0987(14). Yeast screening assay

with MDM2 and MDMX
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effect, by reestablishment of p53-induced growth inhibition, in yeast cells co-expressing
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SYNAP was tested at 15, 30 and 45uM on HCT116 p53+/+ cells for 16h.
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Effect of 0.1-50 UM SYNAP on the growth of yeast cells
expressing p53, MDM2 or MDMX alone, and yeast
transformed with empty vectors, after 42 h treatment; data
are mean = SEM (n=6);*P<0.05.
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SYNAP induces p53 thermal stabilization in human colon cancer cells
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(A) Lysate samples treated with increasing concentrations of SYNAP were heated at 41°C; plot represents the increase

of non-denatured ﬁ
with SYNAP, were
MDMX (D) normalized to the signal intensity at 25°C.
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SYNAP is non-genotoxic in human colon cancer cells and has low growth
inhibitory effect against normal cells

Comet assay
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SYNAP sensitizes human colon cancer cells to the effect of conventional
chemotherapeutic agents

Drug combination using SRB assay 3D colon cancer spheroids
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Effect of 7 uM SYNAP in combination with chemotherapeutic drugs, in HCT116 p53*/* cells, was
evaluated using CompuSyn software to calculate combination index (Cl) and dose reduction index
(DRI) values for each combined treatment. Cl<1, synergy; 1<CI<1.1, additive effect; CI>1.1,
antagonism. Data were calculated using a mean value effect (n=6)

Spheroids formation in HCT116 p53*/* after 96
h treatment with SYNAP; Treatment performed
at the seeding time. Determination of
spheroids diameter at the end of treatment.
Data are mean+SEM (n=5); *p<0.05

3-day-old HCT116 p53-++*spheroids,
treated with SYNAP for up to 8 days.
Determination of spheroids diameter
at the end of treatment; Data are
meantSEM (n=5); *P<0.05 . Cl
determined considering spheroid
diameter.
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Colon cancer cells develop resistance to DOXO but not to SYNAP: DOXO-resistant
cancer cells show no cross-resistance to SYNAP and are re-sensitized to DOXO
effect by SYNAP

Sulforhodamine B assay
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HCT116 cells, after 48 h treatment. Data HCT116 cells, after 48 h treatment. Data 45, 60 and 75 uM SYNAP), after 48 h
are meanSEM (n=5); *p<0.05 are meanSEM (n=5); *p<0.05 treatment. Data are meanSEM (n=5).
Drug combination using SRB assay
Mutually nonexclusive CI Dose reductionindex (DRI)
Drug combination with Conventional
SYNAP CI Profile SYNAP Dru
DOXO (nM) g
25 0.360 Sinergy 5.182 5.975
62.5 0.585 Sinergy 5.282 2.522
125 0.411 Sinergy 7.649 3.564
250 0.453 Sinergy 9.112 2.912

Effect of 7 uM SYNAP in combination with DOXO in DOXO/RES HCT116 cells, was evaluated using CompuSyn software to calculate
combination index (Cl) and dose reduction index (DRI) values for each combined treatment. CI<1, synergy; 1<CI<1.1, additive
effect; CI>1.1, antagonism. Data were calculated using a mean value effect (n=6).
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Conclusions

- SYNAP is a new p53-activating agent A
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