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Dlarylpentanmds as potential antitumor agents targeting p53
pathway and mitosis
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Abst'r-act:

Diarylpentanoids are chalcone analogues with two aromatic rings connected by a five-carbon
bridge, showing a wide range of biological activities, being the in vitro growth inhibitory
activity against cancer cells one of the most studied. However, the underlying mechanisms by
which these compounds suppress cancer cell growth is still unclear. Our research group has
reported several chalcones with notable antiproliferative activity in human cancer cells.
Particularly, chalcone CM-M345 showed potent growth inhibitory activity against a panel of
cancer cells, being this associated with the interference with the interaction between the
tumor suppressor protein p53 and its endogenous negative regulator MDM2. In this
communication, the design, synthesis, and biological evaluation of analogues of CM-M345
with diarylpentanoid scaffold showing promising antitumor activity are explored. From these
studies new diarylpentanoids with promising antitumor effect through the interference with
p53 pathway and mitosis have emerged. Our results show, for the first time, that exploration
of diarylpentanoid scaffold can result in the discovery of new potential p53-MDM2/X dual
inhibitors as well as promising antimitotic agents, which may be used as starting point for the
discovery of new drug candidates for cancer therapy.

Keywords: cancer; chalcones; diarylpentanoids; MDM2; MDMX; mitosis; p53
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Antioxidant

Anti-inflamatory Neuroprotective

Diarylpentanoids effects

Antimicrobial

v" Molecular mechanism by which these compounds suppress cancer cell growth is still unclear

v' The interference with p53 pathway was suggested
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Why p53?

Interference with the transcription of several targets
(p21, PUMA, Noxa, Bax, ...)

All types of cancers have inactivated p53, either by mutation of TP53 gene or inhibition due to the overexpression of
the endogenous negative regulators MDM2/X
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Research plan

Chalcones with antitumor activity as inhibitors of
p53-MDM2 interaction
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Aim

...have shown in vitro growth inhibitory effect on
tumor cells associated with an increase of p53
expression;

... the interference of these compounds with p53-

@AZ/X interactions was never explored. /

To obtain new diarylpentanoids with antitumor activity by inhibiting the p53-MDM2/X interactions
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Results and Discussion

In silico studies
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Effect of compounds on the in vitro growth of human cell lines

Collaboration with

Lucilia Saraiva

Gls) (uM) -
Compound b FHCTIT p53™ HFF-1 Compounds BP-C4 (10) and BP-M345 (26) showed potent
16,25 146-148 >25 = e and seletive growth inhibitory effect on HCT116 cells
3 0.69 + 0.21 0.77 £ 0.30 1.12
4 2.45+0.07 1.44+0.12 0.59
5 3.8+0.42 3.24 £ 0.01 0.85
6 0.9+0.14 0.63 + 0.008 0.7
7 0.99 + 0.01 0.55+0.15 0.56
8 1.21 +0.01 3.88 +0.022 3.21
9 10.1 +4.85 9.45 +2.62 0.94
10 6.25+1.18 36.20 + 5.54 5.79
1 0.71+0.08 0.55+0.01 0.77
17 0.64 + 0.03 0.59 + 0.005 0.92
18 0.68 + 0.02 0.89 + 0.07 1.31
19 1.65 + 0.64 2.21+0.08 1.34
20 0.87 +0.03 0.63 + 0.03 0.72
21 4.55 + 0.95 14.76 + 2.21 3.24
22 1.75+0.10 0.69 + 0.04 0.39
23 0.63 +0.01 0.49 + 0.01 0.78
24 0.22 + 0.02 0.33 + 0.06 1.5
26 0.17 £ 0.01 1.21 + 0.07 7.12 BP-M345 (26)

The results are expressed as mean + standard deviation from three independent
experiments.*Sl: selective index (Gls, of HFF-1/Gls, of HCT116 p53**); HCT116
p53**: human colorectal tumor cell; HFF-1: fibroblasts, non-tumor cell line.
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Study of the mechanism of action of BP-C4 (10) and BP-M345 (26)

v BP-C4 (10) showed to be potential inhibitor of the p53-MDM2 (A) and p53-MDMX (B) interactions using yeast-based assay

: Transformed yeast p53+MDM2
Sabcharmyces p53+MDMX
cerevisiae
A B

H p53/MDM2 (10 uM)
B pS3/MDM2 (25 uM)

W pSIMOM2 1004
100 ps3
2 g
S ps3
2 - M pSIMOMX
i ©
I

Data are mean + SEM of at least five independent experiments; values significantly different from DMSO are
indicated (***p<0.001, **p<0.01, *p<0.05). The unpaired student t-test was used.

Reversion of the MDM2/X inhibitory effect on p53-induced yeast growth inhibition ’
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In the absence of p53, the inhibitory effect of BP-C4 was significantly reduced

A B C
(10) pM 100
g s 5 - HCT116 p53*"*
7, 5 T .. —
{2 N 2 % g b—————% -+ HCT116 p53™
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S e/ S/ € 3 + MDA-MB-231
s 5 5ol =
=0y :-..!- - E: S0
A 1 2 8 g
IS et 2
'.'./ : \ g 8
/ ‘~\ / - o
= 0 20 40 60
025 05 1 2 [10] pM

[10) uM

A, B: Effect of BP-C4 (10) on the colony formation of HCT116 p53*/* cells. Cells were treated with BP-C4 (10) or solvent for 24 h, and colonies
were allowed to grow for 11 days. A: Images correspond to a representative experiment of three. B: The DMSO-treated cells were considered as
100% growth; data are mean + SEM of three independent experiments. C: Dose-response curves for the growth inhibitory activity of BP-C4 (10)
in p53*/* and p537/- HCT116 cells, HFF-1 and MDA-MB-231 cells, determined by SRB assay, after 48 h treatment. Data are mean + SEM of three
independent experiments.
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v BP-C4 induced apoptotic cell death (A) and cell cycle arrest at GO/G1 phase (B), increased the p53 expression levels,
p21 and the pro-apoptotic protein PUMA and induced PARP cleavage (C)

A B C DMSO 10 KDa
953 | ———— 53
100
30 GAPDH R e 37
*
= P21 e— 21
= g | G2/M S—
3 20 Y =S GAPDH  commemsesmmmmme 37
o 2 O GO/G1
= 2 g
3 & PARP Y - 130
S i~ Cleaved PARP —— g
E 10 (&)
E GAPDH s omm— 7
<
0 0 — PUMA Wh.- . e 18
Q WO
DMSO 10 o“”% N GAPDH e 37

Data are mean = SEM of three independent experiments; values significantly different from DMSO: *p<0.05. The unpaired
student t-test was used. Immunoblots represent two independent experiments; GAPDH was used as a loading control.

BP-C4: potent antitumor activity associated with the activation of the p53 pathway
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Research paper

Chalcone derivatives targeting mitosis: synthesis, evaluation of
antitumor activity and lipophilicity

Patricia Pinto *', Carmen Mariana Machado ™', Joana Moreira ™",

José Diogo P. Almeida 9 Patricia M.A. Silva ¢, Ana C. Henriques a José X. Soares ©,
Jorge A.R. Salvador *, Carlos Afonso ™ ¢, Madalena Pinto * ¢, Hassan Bousbaa % **,
Honorina Cidade ™~

Podophyllotoxin Colchicine Combretastatin A4

BP-M345

Could this diarylpentanoid also act as an antimitotic agent?
15
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Article U [\JETV;ERLO
BP-M345, a New Diarylpentanoid with Promising » e
Antimitotic Activity Hassan Boushaa

Pedro Novais 2>, Patricia M. A. Silva "**(, Joana Moreira >*0, Andreia Palmeira >¢, Isabel Amorim 7,
- . . it 4
Madalena Pinto *®), Honorina Cidade >%*( and Hassan Bousbaa "+

A ° Untreated DMSO

100- Fekkk

*k

Mitotic Index (%)

(A) Representative phase contrast microscopy images of untreated cells and cells treated with 0.74 uM of BP-M345, for 16 hours.
Cells treated with DMSO and nocodazole were used as controls. Bar, 100 um. (B) Mitotic index of data shown in A with statistical
relevance of ** p <0.01 and **** p < 0.0001 by unpaired t-test from three independent experiments.
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BP-M345 treatment disturbs mitotic spindle morphology.

Immunofluorescence images of untreated cells and cells treated with 0.74 uM of
BP-M345. Microtubules (green) were stained with anti-a-tubulin antibody and DNA

(blue) with DAPI. Bar, 5 um.

Untreated DMSO BP-M345

=
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a-tubulin MERGE

Untreated

BP-M345

Treatment with BP-M345 interferes with the stability of
kinetochore-microtubule attachments.

Representative immunofluorescence images after cold treatment
assay, showing several unattached kinetochores (free red spots
pointed by the white arrowheads) in cells treated with 0.74 uM of
BP-M345 treatment, whereas most kinetochores were attached
(Red spots with attached green fibers) in untreated -cells.
Microtubules (green) were stained with anti-a-tubulin antibody,
and kinetochores (red) with anti-CREST antibody.
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(A). Representative phase contrast microscopy (Top) and DAPI staining (Bottom) images of untreated cells and cells
treated with 0.74 uM of BP-M345, after 24 hours exposure, showing accumulation of floating (arrows) and condensing
cells (arrows), respectively, suggesting cell death. (B). Quantification of Annexin V-positive cells of the data shown in A
with statistical relevance of ** p < 0.01 by unpaired t-test from three independent experiments.
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v"Most of compounds displayed Gl values < 10 pM

Gl;,

Compound Si1 SI2
HCT116 p53+/+ HCT116 p53/- HFF-1
BP-C4 6.25+1.18 10.13 +0.47 36.2+5.54 1.62 5.79
CTC-C4 (16) 0.69 £ 0.07 7.95+0.85 3.62+0.99 11.5 5.25
BA-C4 (17) 2.18+0.59 3.55+0.05 27.10£1.25 1.63 12.43

The results are expressed as mean * standard deviation from three independent experiments. HCT116 p53*/*: human colorectal tumor
cell expressing p53; HCT116 p537-: human colorectal tumor cell with deleted p53; HFF-1: fibroblasts, non-tumor cell line; Sl1:Selective
index 1 (Glg, of HCT116 p537/Gls, of HCT116 p53*+); SI2:Selective index 2 (Gls, of HFF-1/Gls, of HCT116 p53+*/+).

CTC-C4 (16) showed potent and seletive growth inhibitory effect ~ BA-C4 (17) showed potent and seletive growth inhibitory effect on

on HCT116 cells over cells with deleted p53 HCT116 cells when compared to HFF-1
o o)
LT ¢ e
S Cl Cl Cl
CTC-C4 (16) BA-C4 (17)
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CTC-C4 (16):
v’ potential inhibitor of the p53-MDM2 interaction
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Data are mean + SEM of four-five independent experiments; (*p < 0.05).

v’ BA-C4 (17):

v Induced apoptotic cell death (A)

v" Cleaved PARP (B)

v Decreased anti-apoptotic protein BCL-2 (B)

A

40+

304

*

20+
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GAPDH
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89
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37

Data are mean £+ SEM of three independent experiments (*p < 0.05, unpaired
Student’s t-test). Immunoblots are representative of three independent

experiments. GAPDH was used as a loading control.
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Conclusions
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