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Microtubules

A network that allows the cell to :

Organelle positioning and membrane traffic
Organisation of signalling pathways
Polarity and migration

Alignment and segregation
of chromosomes

Interphase Mitosis
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Components:

Microtubule
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Cell membrane

Actin filament

3 main types of structures in mutual interaction and in interaction with several membrane
organelles, proteins and complexes of the cytoplasm, RNA, DNA, etc...

BASIC PRINCIPLES OF ASSEMBLY & DISASSEMBLY
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MICROTUBULE DYNAMIC INSTABILITY
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Amplification of dynamics
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PLUS-END TRACKING PROTEINS (+TIPS) Tip-tracking of growing MTs mostly by treadmilling
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Tubulin dimer
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MT NUCLEATION AND MINUS-END ANCHORING
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MOLECULAR MOTORS

Kinesin Automobile Engine
Tm

béta-Tubulin

Kinesins

ATP  Hydrocarbons

Speed 4 x 103 m/hr 10% m/hr
4 x 105 lengths/hr 105 lengths/hr

~10%
m Dyneins

alpha-Tubulin

Kinesin-8 (Kip3)
Kinesin-7 (CENP;E)

Atl ?cnmmm Kinesin
Kinesin-3 , lger
(UNCI04/KIF) | §
B

S Heterotrimeric kinesin Il

. [
{ﬁ:;ﬂ
Kinesin-5

(BimC)
;Hg‘ Unc104/KIFI
_dimer

Kinesin-6 (MKLP1)

Kinesin-14 (C-Terminal Motor)

Eise M. Dagenbach & Sharyn A Endow

| 50 changes

[kinesin/

27

Dyneins

3, P97 hexamer

Quantum dot

Intermediate and Light Chains.

Distance(nm)
ILHLEITEITITTE]

£

Time(sec)

MT DYNAMICS AND ORGANISATION IN MITOSIS prometaphase

N

Acceleration x4 - x10 \

1 catastrophes
| rescues Kinesin-12
Kinesin-5 (KIF-15)

+TPX2

16/01/2025




16/01/2025

Kinetochore Kinetochore
Microtubule Microtubule
¥TURC +TuRC

Stabilisation

Kinetochore

Kinetochore Kinetochore
Microtubule Microtubule
YTuRC

202 seconds

KMN = Klp1/Mis12/Ndc80

Dynein: Traction Pushing force
i . (Dynein) (Chromokinesins)
traction

Human
Ska complex and Cdt

ey MT attachment e

Pushing
force

Ndc80 complex

Pushing force at the kinetochore

Cdt1 = DNA-replication factor ; g (kinesins)

Ska = Spindle and
Kinetochore-associated Severing Bynein
Inner Kinetochore (katanin): .
frees (-) ends _.Q

() — o9
b
%

Alignment on the equatorial plate
= Checkpoin[ ;_‘Q Treadmilling of spindle MTs
QL = Polar flux of tubulin




Mass of polymer

Mass of polymer

MICROTUBULES = THERAPEUTIC TARGETS

Microtubule destabilizers Microtubule stabilizers
Vincristine
Vinblastine
Vinorelbine
Vinflunine

Epothilone
binding site

Malichondrin B Epo B (Patupilone, Ixabepilone)
Eribulin mesylate
Cryptophycins
Dolastatins
Taxane
5 binding site
Vinca
binding site
Paclitaxel Cyclostreptin
{ Docetaxel Eleutherobin
Colchicine ABI-007 Sarcodictyins

Colchicine binding site

2-methoxyestradiol
Sulfonamides Laulimalide Laulimalide
Aspergillus derivati bi i Peluroside A

Adapted from Vol

eDrug diversity.
¢ Multiple mechanisms involved
e Complexity of the target

Colchicine, Nocodazole or
Vinblastine (1-20 pM)

Noc.10 uM 1.5h + cold  Noc.1uM, 15min Control

-

Cell concentration tubulin ~ 5-10 uM

Paclitaxel

=Taxol®
(1-20 uM) Taxol 10jM. 1h  Taxol 1M 15 min

Time
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MTAs = structural diversity

Vinca domain binders Colchicine domain binders
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MT AS THERAPEUTIC TARGETS
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Low doses of anti-polymerizing agents
Tubulin-vinblastine +

inhibit MT dynamics
RB3 (stathmin-like)
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Métaphase

Vinblastine

Paciitaxel

Télophase
Consequences:

aneuploidy
apoptosis
....others ?

microtubules
kinetochores
1 to 2 m(.)\ecules of Reduction by 50% Of DNA
vinblastine by MT treadmilling and dynamic
instability

Jordan & Wilson, Nat. Rev. Cancer,
2004, 4:253-65.
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MITOSIS = THERAPEUTIC TARGET ?

nature MT-dependent cellular functions
Rivitws EE -

Interphase cells

Table 1 | Mitotic index in patient samples

PERSPECTIVES

OPINION 1,000 tumor cells)

Mitosis is not a key target of microtubule | Breast cancer 5 (mean)®

h ! 1.2 (meany Neo-angiogenesis
agents in patient tumors 1-5 (median)® glog

Edina Komlodi-Pasztor, Dan Sackett, Julia Wilkerson and Tito Fojo 2 (mean)®

5.8 (mean)1®

Komlodi-Pasztor, E. et al. Nat. Rev. Clin. Oncol. 8, 244-250 (2011);

Ovary granulosa
Uterine cervical

Prostate cancer

0.2 (median)**
9 (mean)*?

15 (mean)*?
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Slight Strong

Vid A

Disturbances in Disturbances in
Interphase functions Mitotic functions

Motility and Proliferation Apoptosis
morphogenesis inhibition
inhibition

1

ANTIANGIOGENIC EFFECTS OF MTDs

Pourroy et al., Cancer Res, 2006, 66:3256-63

. Mechanisms of acquired and intrinsic drug resistance

Effectiveness variability depending on tissues and organs:

« Taxol effective on ovarian, lung or breast cancers
not effective on other carcinomas (kidney, colon...)

«Vinca alcaloids : heamatological cancers, not on solid tumours

Cell resistance

o Extracellular efflux by ABC transporters (PGP, gene MDR1)

«Level of expression of regulatory proteins

eAlteration of PTMs

«Modification of the tubulin isotope profiles (B Ill tubulin)
«Mutations on a-, B-tubulin, Stathmin, MAP4

«Other...
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New paradigms for therapeutic targeting Eg5/BimC motor
domain: docking with
monastrol

a) Increase the molecular diversity of tubulin-interacting drugs =
wider repertoire of active molecules

b) Target other components : e.g. Kinesin-5 (Eg5) inhibition = mono-astral spindle

chromosome
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