Targeting the dysregulated translatome in mesothelioma

Anne Willis/Marion MacFarlane
MRC Toxicology Unit MRC | 2



https://www.google.com/url?sa=i&url=https://www.hoart.cam.ac.uk/images/how-does-cambridge-work/image_view_fullscreen&psig=AOvVaw2k-zW_54TREN2xqSJHh3Xl&ust=1618220923899000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj3gfH09e8CFQAAAAAdAAAAABAR
https://www.google.com/url?sa=i&url=https://www.hoart.cam.ac.uk/images/how-does-cambridge-work/image_view_fullscreen&psig=AOvVaw2k-zW_54TREN2xqSJHh3Xl&ust=1618220923899000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj3gfH09e8CFQAAAAAdAAAAABAR

Protein synthesis

a‘ AUG UAG

INITATION ELONGATION TERMINATION

Canonical initiation factors Canonical elongation factors
RNA binding proteins tRNAs and coding regions
Regulatory RNA motifs




Protein synthesis and cancer

* Protein synthesis is dysregulated in the majority of cancers

e Targeting mRNA translation provides new therapeutic avenues

* Blocking mRNA translation by direct inhibition of elFs, eEFs and additional RNA binding
proteins that control this process will be less associated with development of resistance
(compared to targeting the upstream signalling pathways)

* Cancer cell specific
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Translation and signaling through mTOR
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Fibre toxicity and dysregulation of mRNA translation

Asbestos: a group of minerals that occur naturally in the
environment as bundles of fibers that can be separated into
thin, durable threads. These fibers are resistant to heat, fire,
and chemicals and do not conduct electricity.

Carbon Nanotubes: a tube-shaped material, made of
carbon, having a diameter measuring on the
nanometer scale. Uses include conductive plastics,
structural composite materials, flat-panel displays
gas storage, antifouling paint, micro- and nano-
electronics, batteries with improved lifetime,
biosensors for harmful gases
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What is the link between these very different compounds?

* The aspect ratio of an compound describes the proportional relationship
between its width and its height. Biopersistent.
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Malignant Pleural Mesothelioma

Asbestos fibers B
entering the lungs

Parietal Pleural
(outside layer)

A — Pleural Space
( (between visceral
and parietal pleural)
Normal lung -

Visceral Pleura
{covers lungs)

Asbestos Fiber
~ Plaque forms in

pleura
Mesothelioma Cell

Disease of tumour suppressor loss
with no known changes in transcriptional drivers


https://www.google.com/url?sa=i&url=https://worldwidetweets.com/mesothelioma-and-asbestos/&psig=AOvVaw1KDS08EE9hhwY4fwTBQPZI&ust=1618485702413000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPjX-6PP_e8CFQAAAAAdAAAAABAm
https://www.google.com/url?sa=i&url=https://worldwidetweets.com/mesothelioma-and-asbestos/&psig=AOvVaw1KDS08EE9hhwY4fwTBQPZI&ust=1618485702413000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPjX-6PP_e8CFQAAAAAdAAAAABAm

Frustrated Phagocytosis

Short fibre Long Long

Tangled
Incomplete or
frustrated
phagocytosis

6
1 !
PRO-INFLAMMATORY




MM Primary cell lines isolated from patients

* More than 35 cell lines were established
e 8 MM Primary cell lines are used in this study
* All the Genomic and Proteomic data were generated in the first 5-10 passage
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MTOR signalling pathway is highly active in primary MM cell lines
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Protein synthesis is up-regulated in primary MM cell lines
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Primary MM cells express common translational drivers

N
Log, FC

Description p-value
shorter 5’UTR t test ***  2.805E-08
Higher 5’UTR MFE ttest  ***  1.558E-11
fewer uORF 2 ***  1.096E-07
TISU 2 «xx 0.074E-06
TOP/TOP like 2
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Ribosomal Machinery expression increased in Primary MM

# GO term Description odds ratio p-value

1 CO0T MITOCHONDRION 221 2.60E-13
2 CO0022% RESPIRATORY ELECTRON TRANSPORT CHAIN 5,73 4.68E-10
3 000160 RNA METABOLIC PROCESS 2.93E-08
4 S90S STRUCTURAL CONSTITUENT OF RIBOSOME 4.68E-07
5 | CO00004 TRANSLATION 1.05E-06
6 | COPI GENE EXPRESSION 3.56E-06
7 COPI  MITOCHONDRIAL INNER MEMBRANE 2,94  5.99E-03
8 60:0(1’1607I mRNA METABOLIC PROCESS 327  5.76E-02
g OO0 VIRAL REPRODUCTION 2,77 9.52E-02
10 9021 M/G1TRANSITION OF MITOTIC CELLCYCLE 4,87 1.77E-01




Ribosomal proteins and Initiation Factors are

Translationally up-regulated
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Related changes observed in patient tumours
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MRNAs encoding for Respiratory Electron Transport Chain are

efficiently translated in MM
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MM primary cell lines show mitochondrial fission with
enlarged mitochondria

Elongated Meso 7T Meso 8T

Fission and enlargement Fission and enlargement



Changes in proteins that control mitochondrial

fission and fusion
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These alterations drive metabolic output with increased O,

consumption rate
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......and an altered metabolic profile
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Mitochondrial dynamics and mTOR signaling pathway are linked
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mTORC1/2 inhibition reduces expression of mitochondrial proteins

and DRP1 phosphorylation
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TORC1/2 inhibition induces mitochondrial elongation in MM primary

cell lines
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Torinl induces mitochondrial elongation

in MM primary cell lines
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Angela Tenor

...and reprogrammes metabolic outputs
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MTORC1/2 inhibition reduces mRNA translation

and growth of primary MM cells
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Inhibition of TORC1/2 in patient explants blocks cell proliferation
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Mouse model recapitulates mesothelioma cell data
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Loss of tumour suppressor proteins is consistent with cytoplasmic changes

. Toxic Fibre exposure
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