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Tricyclic molecules eradicating human cancer cells

Castiel et al. BMC Cancer 2011, 11:412
http://www.biomedcentral.com/1471-2407/11/412
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A phenanthrene derived PARP inhibitor is an
extra-centrosomes de-clustering agent exclusively
eradicating human cancer cells
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potent anticancer drug with Pim kinase inhibitory

activity
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Antineoplastic Properties of THCV, HHC and their anti-
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Inhibition of CPAP—tubulin interaction prevents
proliferation of centrosome-amplified cancer cells
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Exclusive eradication of the indicated human malignant epithelial cells treated with PJ34 (96 hours)
at the indicated concentrations. Benign human breast epithelial cells are not impaired.

—— |)-87 U-87, Glioblastoma
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PJ34 dose-dependently eradicates human colorectal carcinoma cell line HCT116
Both Near-diploid and highly- aneuploid cancer cell lines
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PJ34 Does Not impair the Cell Cycle of proliferating healthy somatic cells

PJ34 does not affect the cell-cycle in human
healthy somatic cells (breast epithelial cells,
primary human thymus mesenchymal cells
and human endothelial cells (prepared from
the Human Umbilical vein) treated with PJ34
in the indicated concentration and incubation
periods

Control 10

Proliferation of
human breast
epithelial cells
incubated with PJ34
at the indicated
concentrations
(uM)for96 h
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Castiel et al., BMC Cancer, 2011
Inbar-Rozensal et al, Breast. Canc. Res., 2009
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PJ34 causes Mitosis Arrest and Cell Death in human cancer cells measured

by flow-cytometry
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PJ34 Arrests Mitosis and Induces Cell Death in Human Cancer Cells
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Mitosis in Non-malignant epithelial cells treated with PJ-34 20 uM

microtubles, centrosomes, chromosomes

Castiel et al., BMC Cancer 11, 412, 2011



Measuring changes in the post-translational modifications of proteins
by the shift in their isoelectric point on pH gradient (2-D gels)
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Kinesin HSET/kifC1 is implicated in the construction of microtubules in the mitotic spindle

Kinesin Kif18A is implicated in the attachment of chromosomes to microtubules in the spindle mid-zone

a-tubulin in the microtubules (red);

Kinesin sliding on microtubules HSET/kinesinKifC1/Kif14 (green)
chromosomes (blue)
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NuMA clustering in the spindle poles
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NuMA binding to proteins is crucial for its indispensable function in the mitotic spindle

p o7 R

P Phosphorylation

From: Radulescu and Cleveland Trends Cell Biol., 2010, 20: 214-222



PJ34 exclusively prevents the PTM of NuMA in human
cancer cells: PDAC PANC1, breast TN MDA-MB-231,
lung A549, and glioblastoma U87

Treatment with PJ34 exclusively prevents the co-immuno-
precipitation of NuMA with proteins in cancer cells
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Aberrant spindles with un-clustered NuUMA in the spindle poles
in human cancer cells treated with PJ34
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Aberrant spindle poles and dispersed NuUMA, centrosomes and chromosomes in

multi-centrosomal TN breast cancer cells MDA-MB-231 treated with PJ34
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NuMA un-clustering in the spindle poles causing aberrant spindles with dispersed centrosomes and
chromosomes lead to mitotic arrest in cancer cells treated with PJ34
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Mitosis arrest leads to 0 g _ Death
Mitotic Catastrophe cell death oo

Bcl-2 and Bcl,, phosphorylation
by CyclinB1-activated CDK

causes Cytochrome-C leakage Type-I* cells
and Cell Death

Mitochondrial
destabilization/
dysfunction

Mature Reviews | Molecular Cell Biology



Cell-death during mitosis in PJ34-treated extra-centrosomal breast malignant cells TN MDA-MB-231, documented at
real time by Confocal imaging. Un-clustered centrosomes and dispersed chromosomes in the cells transfected with
GFP-y-tubulin (green) and with H2B-red.

Castiel et al, JOVE, 2013



Growth Arrest of Human TN Breast Cancer Tumors MDA231 in Nude Mice
Treated with PJ34
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The effects of PJ34 on PANC1 human pancreas cancer cells

PJ34 cytotoxicity in cell culture prepared from patients-derived PJ34 causes Mitosis Arrest and Cell Death

xenografts. Cell cultures derived from four different types of measured by flow-cytometry in human
pancreas cancer xenografts were incubated with PJ34 at the pancreas PANC1 cancer cells
indicated concentrations. Cell survival was quantified after the
indicated incubation period with PJ34. 48 hours
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Human PANC1 cells eradication in tumors that developed in nude mice measured by immunohistochemistry (A. ALA labeling; B. Ku-80

labeling (red)) in slices prepared from excised tumors, 30 days after 14 days daily treatment (IV) with PJ34. Fibroblasts (green) in the tumors
were not impaired.
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A quantitative presentation of PANC1 cells eradication measured in slices of tumors developed in nude
mice by immunohistochemistry 30 days after 14 days daily IV treatment with PJ34 (50 mg/Kg)

IHC labeling

PANC1 cancer cells

Visochek et al., Oncotarget 2019
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The effect of PJ34 in xenografts developing PANC1 tumors

Treatment with PJ34 did not impair the weight gain of nude
mice developing PANC1 tumors. PJ34 was injected IV (60
mg/Kg dissolved in 100 pl saline, approximately 1 mg PJ34
per mouse). Control nude mice were injected daily with
saline.

| .
20 -

5 —&— 1M (Saline x5)
0 -0 = 2M(PJ34x5)

Mean body weight (gr)

e 3M (PJ34x3)

*Trrr-r—-r—reevr-YvryyeereerY——mvmmyevrvrrYY—vyrryeevrYr—e/TrTryrr—mmmmm ™
0 10 20 KA 40 50 &0 70
Study day



Tankyrasel and NuMA polyADP-ribosylation

PJ34 inhibits the activity of the kinase pim1 and of tankyrasel, Tankyrase!
both modify NuMA in human cancer cells and promote its L ttagp e
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Summary

* Preventing the post-translational modification of NuMA by inhibiting two proteins
exclusively expressed in human cancer cells causes Mitotic Catastrophe cell death

* The treatment with PJ34 causes eradication of malignant cells during mitosis (at the
anaphase), while healthy proliferating cells are spared.

* In this mechanism, cancer cells are eradicated by PJ34 regardless of their genetic
mutations. The more rapidly they proliferate, the more rapidly they are eradicated.

This mechanism leads to a new mode of therapy for aggressive cancers
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