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Oplopoi

H EuBropnxavikn acxoAeiton pe tn HeAETN TwV SUVANEWV MOV aocKoUVTOL 0 BLOAOYLKA CUGTHHOTA KOl
OUYKEKPLHEVA oTOV AvOpwTto KaBwg Ko e TNV Kivnon Tou os Slddopeg SpactnpLlotnTe

H MnxavoBLoAoyia aoxoAsital Pe TNV ENISPACH O KUTTOPLKO KOl LOPLOLKO EMIMESO TWV UNXOVLIKWV
Suvapewv otnv puoiodoyia Kat TNV naboAoyio TWV LOTWV KoL TWV KUTTAPWV.



H dtadopomnoinon twv pnxavikwv Suvapewv pudpilel tn pucioAdoyia tou opyavicpouv

Yneptpodia twv puwv

Normal heart Left ventricular hypertrophy

Arch of Left
Fhorta atrium
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ventricle
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left ventricle
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H diapopoToinon Twyv pnxavikwy duvdpewy
aAAalel Tn puaoioAoyia Tou opyaviopou

Changed physical factors: decreased weight;
fluid pressure; convection; sedimentation

Body Weight-bearing
fluids structures

Gravity receptors

Dynamic interactions

- Adaptation

Altered physiological state of the body




loto-eld1kég duvapelc (tissue-specific forces)

Awatpntikg Tadon Twv uypwv = shear stress

Endothelial cell

@ Vascular smooth
muscle cell

=l  Blood flow

Nat Rev Nephrol. 2010 Sep;6(9):530-8.



Ol SuVAMELC TTOU SEXETOL Eval KUTTOPO

AUVAMELG LNXOLVLIKAG
TAon¢ ano tnv EOM
(e€wkuttapla Oepéda
ouoia)

ZUMUTTLEOTLIKEG SUVAELG
Y&pootatiki nieon
AuvAapeLg mov
dnuLovpyovvtal ano tov

KUTTOPOOKEAETO

Al TUNTIKA TAON TWV
uypwv

Shear
7 >
—_— et ?vﬁ e
ECM =" Tensile
S——

Cell

membrane Foyi
ECM
< FceII /\m I:e)(t >

Sensor

J Cell Sci. 2008 Oct 15;121(Pt 20):3285-92



Kuttapikn Mnxovodiéyepon

H diadkaoia pe Tnv omoia ta KUTTapa avttAapBavovtol To HnXovIKoU TUmou epebiopata Ko ta
HLETATPEMOUV OE EVSOKUTTAPLA BLOXNKLKA pnvUpata (LeTaywyn pnvupatwy — signal transduction) yia va
puBLiooUV TNV AMOKELON TOU KUTTAPOU.

EPTAAEIA

Mnxavo-enayopevol diavAot
LOVIWwV

Npwteiveg Tou YAUKOKAAUKOL
NpwTteiveg TWV CUUNAOKWV
POGKOAANONG OTLG
SLOKUTTOPLKEG KOl KUTTAPWV-
EOM aAAnAeTudpacelg

AAAayég otn cuotaon thg EOM
NPWTEIVEG TOU KUTTAPOOKEAETOU
MnxowvIKn amoKpLon Tou tupRva
AAAQYEG OTNV OUYKEVTPWON TWV
npocdetwv (ligands, m.x.

OPHOVWYV — QUENTIKWV
TaPAYyOVIWV

Box 1| Cellular mechanotransduction

08 Calcium and other ions

0.0 Cell-signalling molecules
and transcription factors

%0 Extracellular ligands

Fluid shear stress
pr—

Stretch-activated
annels

Crosslinking
proteins

Cell-surface
receptor

complex

Tissue strain

Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73. doi: 10.1038/nrm2597.



Ta EpyaAcia Tngc Mnxavodiéyepong

A Mechinery of
Aa Actomyosin contractility: 3
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EpvaAcia Tnc Kuttapiknge Mnxavodiéyepong: O1 TpwWTOYEVEIC KpOTaooi

No Flow Flow
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EpvaAcia Tng KutTtapikic Mnxavodiéyeponc: TToAukuoTiveg 1 kai 2

Polycystin-1

Cytoplasm Interaction

Nat Rev Nephrol. 2010 Sep;6(9):530-8.
doi: 10.1038/nrneph.2010.97. Epub 2010
Jul 13..



Mnxavodiéyepon oTa TPIXWTA KUTTAPA TOU AUTIOU

Channels

Channels
closed

—p

Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73. doi:
10.1038/nrm2597.



AoBéveieg mou oxeTiCovral pe PAdPec otn Mnxavodiéyepon

Table 1 | Diseases associated with defects in mechanotransduction

Dizeaze Primary cellz/tizsues affected Selected references

Deafness Hair cells inthe inner ear b

Arteriosclerosis Endothelial and smooth muscle 10-13,19
cells

Muscular dystrophies Myocytes, endothelial cells and 35,36,41, 85

and cardiomyopathies fibroblasts

Osteoporosis Osteoblasts 20

Axial myopia and Optic neurons and fibroblasts 43-45

glaucoma

Polycystic kidney disease  Epithelial cells 51,52

Asthma and lung Endothelial cells and alveolar 15, 21-23

dysfunction tissue

Premature ageing Multiple cell types and tissues 55,57

(HGPS)

Developmental disorders  Multiple cell types and tissues 46-50, 56

Cancer Multiple cell types and tissues 2,58-60,68,71,73,87

Potential immune system Leukocytes 24-76

disorders

FPotential central nervous  Neurons 27,28

system disorders

HGP5, Hutchinson—Gilford progeria syndrome.

Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73. doi:
10.1038/nrm2597.



Koiva xapakTnpioTikd oTic acgBéveiec Tng Mnxavodiéyepong

Al L L) l6‘0 "

Extracellular environment  Cell structure and organization Cellular sensing and signalling

Appied forces and deformations Transmembrane proteins Cellular mechanosensors

(fluid shear stress) (integrins, dystroglycans, (stretch-activated ion channels,

ECM composition ion channels) talin, titin, myosin)

(components, stiffness) Cytoskeletal proteins Downstream signalling pathways
(desmin) (MAPK, NF-kB)

Cytoskeletal force generation
(myosin, troponin)

Nuclear envelope proteins
(lamins, nesprins, emerin)

Nuclear proteins

(histones)

Altered mechanotransduction signalling

!

Disease

Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73. doi:
10.1038/nrm2597.



Mnxavikn pUBuion Tn¢ diapopomoinong

Wozniak MA, Chen CS. Nat Rev Mol Cell Biol.
10(1):34-43



To oxApa Tou KUTTApou eAéyxel Tov TTOAAATTAAoIaoUd HEOW TNG
GTPaonc RhoA

DA

SKP2

p'ﬂm
Contractility Cyclin D-CDK4
Tension RE—(F)

N\

G5 transition

Wozniak MA, Chen CS. Nat Rev Mol Cell Biol.
10(1):34-43



O1 pnxavikég duvdpei¢ puBuifouv Thv opydvwon TWV KUTTApWV
oTOoV XWpPo KAatd Tn diapopoToinon

Cell stretching or force

¥

Tension

MAL nuclear
transduction

MAL- ancl* SRF-mediated
gene expression

Robust actin cytoskeleton
in migrating cells

b
/’%
|
D5H

'

DAAMI
Rho

ROCK

}

Tension

!

Convergence and
extension

Wozniak MA, Chen CS. Nat Rev Mol Cell Biol.
10(1):34-43



H punxavodiéyepon puBuilel Tnv aploTepodelid acuppETpia TwyY
opydvwy oThv didpopoToinon

Nat Rev Nephrol.
2010
Sep;6(9):530-8.

Basal lamina
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Nodal flow

’ \ [ I | |
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To evdoBnAio Twv ayyeiwv vgpioTtartal Tn diaTUNTIKA Tdoh
(shear stress) Tng pohg Tou aiparog

=== Endothelial cell

g Vascular smooth
muscle cell

=l Blood flow

Nat Rev Nephrol. 2010 Sep;6(9):530-8.



TTaBoAoyiko shear stress smdyel mpo-aOnpoyeveTIkoUC TTAPAYOVTEC

Stable flow Mechanosensors Disturbed flow Mechanosensors
Laminar Shear Low & Osc Shear ¥
1 Cell Signaling pathways
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Antioxid Redox Signal. 2011 Sep 1;15(5):1367-8.



2 UPHUETOXN TWV pnxavoevuaioOnTwy TToAUKUGTIVWY OTO OXNUATIOUO
aBnpwpdaTiIkKWwy TTAAKWY

www_nature comfscientificreports
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Aunuévn ékppaon PC1 kai p53 oe ouvBnKkeg
XAHUNAARG d1aTUNTIKAG TAONG
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Auvénpévn Ekppaon PC1 og aBnpwpaTikéc TTAdKeC aogBevwy e diaPpATh,
uttépTaoh, OucAiTmiddipdia Kal KapwTIOIKA OTEvwaon




O1 punxavikég duvapeic mpowBouv Thy d1dgopoTToinon TWV 0CTIKWYV
KUTTApWwV Kal Th oUYKAION TWV Kpavidkwy papuwyv

he bor

A Collagen fibers

o force - Dura mater

with force

& mesenchymal cell

. osteoclast

/8 osteoblast /@ osteocyte

BBA Clin. 2016 Apr 29;6:165-176.
Katsianou MA, Adamopoulos C, Vastardis H, Basdra EK.



H pnxavikn d1€yepaon emdyel Thv d1d@opoToinon Twv ooTeoPAACTWY
Héow Tou povomaTtioU Polycystin-1/JAK2/STAT3

Mechanical
stimulus -
. Polycystin-1 (PC1)

Osteoblast differentiation

/
4
— GGAA \—— ACCACA ] tgm

-607 to -604  -596 to -591 +1

Nucleus

Dalagiorgou G, Piperi C, Adamopoulos C, Georgopoulou U, Gargalionis AN, et al.
Cell Mol Life Sci. 2017 Mar;74(5):921-936.



H pnxavodiéypon diapecoAaPpei Thv eppdvion ooteodpOpiTidac

Altered mechanotransduction in osteoarthritis

[
*Obesity \ W
+ Joint malalignment
«Chondrodysplasias
*Abnormal gait

| |
- G

—
+Elevated mechanical strain ﬁ
*Direct or indirect injuries ( \ (,
\ |

{
| { |
Altered mechanotransduction pathways K{_,_I S ———‘
H Osteoarthritis development
Inflammation
miR-146a elevated

expression

Chondrocyte SOCS2 and
CIS-1 decreased expression

«. Increased osteoblast TGF-B1 levels *Deregulations in chondrocyte primary NF-kB activation | Elevated ROS production
*Altered SZP expression patterns cilia network
through TGFBRI kinase and p-Smad2/3 *Increased cilia length l l
+Differentiated cilia orientation
J’ | MAPK cascades | sIncreased apoptosis
*Decreased autophagy
+Alterations in chondrocyte Hh signaling (through mTOR pathway)
*Increased Hh pathway molecule
expression
*Decreased Sox-9 expression

Spyropoulou A, Karamesinis K, Basdra EK.
Biochim Biophys Acta. 2015 Sep;1852(9):1700-8.



H pnxavodiéyepon diapecoAapei Thv eHPAVION 00TEOTTOPWONG

Altered mechanotransduction in age-related osteoporosis

Altered mechanotransduction pathways

MS Csx( l Osteoblasts
ST @ 4
P S O | C
\ A O )OO
’ 4 .
Reduced responsiveness to mechanostimulation *Decreased calcium influx
through ERK1/2 and NO signaling * Reduced calcium signaling

*Decreased osteoprogenitor formation through IGF-1
*Elevated mRNA levels of NO, PGEZ2, and possibly COX-2

A4

Increased PGE2
signaling

Osteoporosis development

Spyropoulou A, Karamesinis K, Basdra EK.
Biochim Biophys Acta. 2015 Sep;1852(9):1700-8.



O poAoc¢ Twv pnxavikwy duvdpewy oThv Yywpiaon
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O poAo¢ Twv pnxavikwy duvdpewy oThv Yywpiaon

Polycystin-1 downregulation induces ERK-dependent mTOR
pathway activation in a cellular model of psonasis

Antonios N. Gargalioms, Lina S, Malakou. Chnstos
Adamopoulos, Christina Pipenn. Immi  Theocharn. Maran
Nokhbehsaim. James Deschner. Georgios Kokkalis. Penelope
Korkolopoulon, Evangelia Papadawvid.  Athanasios G
Papavassiliou, Efthinia K. Basdra

Molecular
Basis of

Disease




O poAo¢ Twv pnxavikwy duvdapewy aThy Yywpidon

PC1 RNA expression
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O poAoC Twv pnxavikwy Ouvdapewy aThv Yywpidon

p-p70S6K
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O poAo¢ Twv pnxavikwy duvdpewy oThv Yywpiaon
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mRNA relative expression

O poAo¢ Twv pnxavikwy duvdpewy oThv Yywpiaon
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O poAo¢ Twv pnxavikwy duvdapewy aThy Yywpidon
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O poAo¢ Twv pnxavikwy duvdpewy oThv Yywpiaon

Relative m protein expression
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O1 «oppayidec» (hallmarks) Tnc kapkivoyéveang

Sustaining proliferative
signaling

Resisting Evading growth
cell death SUPPressors

inducing Activating invasion
angiogeneasis and metastasis

Enabling replicative
immortality

Cell. 2011 Mar 4:144(5):646-74.



O1 «oppayidec» (hallmarks) oTnv kapkivoyéveon

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Cell. 2011 Mar 4:144(5):646-74.



O1 «oppayidec» (hallmarks) oTnv kapkivoyéveon

Cancer Stem Cell (CSC)

Cancer-Associated Fibroblast
(CAF)

Endothelial Cell (EC)

Pericyte (PC) zrlwclea)mmatory Cells
s
© Local & Bone marrow-
© derived Stromal Stem
& Progenitor Cells
© 9 Invasive Cancer Cell

Core of Primary Tumor Invasive Tumor Metastatic Tumor
microenvironment microenvironment microenvironment

Cell. 2011 Mar 4:144(5):646-74.



2. ToXeuuévn Beparmeia

EGFR

( inhibitors )

Y

Aerobic glycolysis
inhibitors

Sustaining
proliferative
signaling

Proapoptotic
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Deregulating

PARP
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Cyclin-dependent
kinase inhibitors

v
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growth
SUpPressors
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anti-CTLA4 mAb
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Cell. 2011 Mar 4:144(5):646-74.



TL elva auTo ov MUPOSOoTEL Ta aPXLKA oTAdLa
TNG OYKOYEVEDNG;

Tu eivar auto mov kaBopilel TRV eEMEKTAON KAl
™ S1RONON TWV KOPKLVIKWV KUTTAPWV;

Nwg yivetai va anogpeuxBei n Stacmopd Twv
KOPKLVIKWV KUTTAPWV otnVv KUKAodopia;

AwadopeTikn — EEATOULKEUMEVN
avtanokplon otn Oepansia

Awadopomnoinon otnv mBavoTnTO UNOTPOTAG

Katavonon popLokwyv PnXaviGpwy Tou
npowBdoUlv TtV ENEKTAON KOl TN LETAOTOON TWV
KOLPKLVLKWV KUTTAPWV

Katavonon popLokwyv HnXoviGHwy Ttou
npoodEpouv avtiotaon otn Bepaneia

Avantuén nPoPAENTIKWVY SEIKTWV
OQVTOTOKPLONG 0T Oepaneia



MHXANOBIOAOTIIA TOY KAPKINOY

H KapKvoy£veon MPOKAAELTOL ATIO YEVETIKEG, EMIYEVETIKEG KOl PUCLKEG AAAOLWOELG OTNV OLPXLTEKTOVLKN
TWV LOTWV KOl TWV KUTTAPWV.

MHXANOBIOAOTIA TQN OFKQN: MeAétn ¢ enibpacng Twv
Mnxavikwv Suvapewv (rieon, Tdon, pon uypwv)
Mnxavikwyv Wlotitwy (duokapyia, EAactikotnta)

2tnv AEITOYPIIA TON KAPKINIKQN KYTTAPQN




Mnxavodiéyepon ota Kapkivika kuttapa

Awatapoyxn otnv SpaoctneLOTNTA TWV EPYAAELWV
™G HNXavoSLEYEPONG
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Nat Rev Mol Cell Biol. 2009 Jan;10(1):63-73. doi:
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H e€wkuttdpla OspéAla ovoia emnpedlel Ta
XOPOAKTNPLOTLKA TNC KOLPKLVOYEVEONC

>>

EMBO Rep. 2014 Dec;15(12):1243-53
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H unxavikn iEyepon enayel tnv dtadopomnoinon tTwv ooteoBAACTWY LECW TWV
povornatiwyv Polycystin-1/JAK2/STAT3 ko Polycystin-1/calcineurin/NFAT
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Mnxavodiéyepon kat MoAvkuotiveg otnv Wwpiaon
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MnxavodiEyepon Kat dtopopomolRoeLc ot GUCLOAOYLKA KOl oTOL
KOLPKLVLKA KUTTOPAl HaloToU
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MoAUKUOTIVEG KOIL OOTEOCAPKWHLAL
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H noAukuotivn-1 emdpa otn cupunepitpopd TWV VEOTTAACHLOTIKWYV
KUTTAPWV Kot aAANAeridpa HE Ta onpatodotikd povomatioa mTOR kat JAK
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H noAukuotivn-1 emdpa otn cupunepitpopd TWV VEOTTAACHLOTIKWYV
KUTTAPWV Kot aAANAeridpa HE Ta onpatodotikd povomatioa mTOR kat JAK
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Polycystin-1 induces activation of the PI3K/AKT/mTOR pathway and
promotes angiogenesis in renal cell carcinoma
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PC1 and PC2 revealed high
expression when they were
associated with higher grade
and decreased 5-year survival

Positive association between
PC2 and VEGF expression

PC1 augmented the tumor’s
microvascular network in
stage IV carcinomas

Inhibition of PC1 resulted in
upregulation of the
PI3K/Akt/mTOR pathway,
enhanced cell proliferation
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OEPATIEVTLKEG TTPOOTITLKES

MopLa tnG pnxavodLléyepong mou npoodidouv avOekTikOTNTA OTLG OEparmeieg Kal AmoTEAOUV GTOXOUG
ouvéuaoTiKNG Bepaneiag

N£€g¢ oTPATNYLKEG TTOU XPNOLHOTIOLOUV TLG BLODUGCLKEG LOLOTNTEG YLAL VAL CTOXEVOGOUV TLG LETOLOTATIKEG EOTLEG
HEOW EVOG UNXOLVO-ATTOKPLVOEVOU KUTTAPLKOU GUGTHLOTOG



2toxevon popiwv tng MnxavodiEyepong

Table 2. List of Drugs Targeting Mechanotransduction
Pathways in Cancer

drug name molecular target cinical trial references
ATN-161 Integrin (@501, a5f3) phase II 186
Volociximab Integrin (a51) phase II 187
NAMI-A Integrin (a5f1) - 188
Etaradzumab Integrin (a543) phase II 189
Vitaxin Integrin (a563) phase II 190
Cilengitide Integrin phase III 182
(X503, asfis)

PE-562271 FAK and Pyk2 phase 1 191
VERSUS-6063 FAK and Pyk2 phase 1 192
VERSUS-4718

Dasatinib SrC phase 11 193
Verteporfin YAP — 194
Azidoblebbistatin Myosin 11 — 195

Chem Rev. 2018 Jul 25;118(14):6499-6515. doi:
10.1021/acs.chemrev.8b00042..
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Ta avOekTikad KUTTapa peAavwpatog otouc avaotoAeic BRAF epdavilouv
oUENUEVN UnXavo-sntayopevn dpaoctnpiotnta twv YAP/TAZ
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MNXOWVLKEG LBLOTNTEG, yLa VO Am0S8000UV EKAEKTLKA TOUG OLVTLKAPKIVLKOUG TTOLPAYOVTEG.

Ot dpopeic avtoi ekpetadAevovral aAAoLWOELS 0TV ouotach TG EOM Kot T yEVESH AVTIOTOL{WV HNXOVIKWV
EpeOLOpATWY OTNV EPLOXN.



Avanapaywyn tThg LNXOVIKAC TTOAUTTAOKOTNTOG TOU pIKpOoTeEPLBAAAOVTOC in
ViVO OTO £pYQOTAPLO VLA TNV OVATITUEN AVTLKAPKLVIKWY OTPOATNYLKWV

- Zuvepyoaoia Stadopwv eldikotRTWY (YLatpwy, Bloxnitkwy,
BlomAnpodopikig, Bropuoikwv, KAT.)

-  PDX models
- 3D models
- In vitro kKaAALEpyEeLEG KAWVIKWV Setypdtwy (.. CTCs)

- Négg texvoloyieg — tumor-on-a-chip mAatpoppeC
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