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XPOvog OITAUGLOGHOV TG
LITPLKNG YVOONGS

1750 - 1900 150 xpovia

1900 - 1950 50 ypovia

1960 - 1965 5 xpovia
2020 H 73 pEpEG

Ron Harden 2005
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X0ypovn AVOTONIKNY

T'ainvog
Claude Galien (131-201 =.X.)

Andreas Vesalius (1514- 1564)

De humani corporis fabrica




Iotoloyia

Eival 1 emotiun mov HEAETA TN LIKPOGKOTTLKT] OO TMV

LOTOV KOl TOS GUTH GYETICETOL UE TNV AELTOVPYLN TOVS
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muscularis
externa
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Avatopto«— Iotoroyio (6VVOETIKOS KPiKOC) < Broynueia - ®vcroroyia
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Yrepukpookonnon: Hrektpoviko MiKPoOGKOTLO

HM Awedevong Zeiss EM9I00 HM Xapmong (JEOL JSM5600)
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KAAZZIKO AOIMA

"l" transcription

'b translation

The Central Dogma

Transcription Translation

DNA > RNA * Protein

I

RNA processing

... Mopwkn Avaivoen - OMICs

2YT'XPONO AOI'MA

L s e

iy e.5. miRNAs,
'3"_; siRNAs, piRNAs

/rranscripﬁon
mRNA:

(Genome
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protein Translation

V)
W N

Genomics

|
Transcri
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ptomics
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Proteomics

\

4

Metabolomics

Transcriptome

Proteome

1,000,000 Proteins

‘ x 4 to 50 functional

links

per Protein

Informatics

Metabolome

‘ ~ 1000 metabolic

Pathways




Kvttapikn kot Moproxn avaivon tov Haforoyikod «O1KoGUGTAHOTOS»

Yxomoc: Avartoén otpotnyikov latpikic Akpipeiog

Pre-neoplastic Ecosystem Pre-neoplastic Ecosystem

1 2

@‘f{f‘:ﬁ How coul OMICs ,»  Deciphering
285 e i Bulk and/or .
pre-neoplastic Sirgle Cul i mechanisms
ecosystem be » Targeted therapy
locked? can prevent can

Integration
B

in vitro assays

[aafiaua

MOIE S [ar Incipient tumor
Dissection fragment platform

Malignant Ecosystem : ' Malignant Ecosystem




Kvttapkn kot Moprokn Avaiven (1)

Avocoioctoynpeia

3, Streptavidin-
peroxidase
complex binds to
biotin

1. Primary antibody binds to antigen

Antigen of interest .9'; "‘-‘,_

Tissue

B-kitTtopa: wveovlrivy

A-KOTTOpO: YAVKOYOVY
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Kvttapikn kar Moproxi Avédiven (2)
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o, emimléov avaloon (““omics’)

Mikpoaoromixn rapotipnon Etepoyévera eviog tov Oykov 3

H gtepoyévera evrog Tov 0YKoV givar 1 KOPLO aLTior 1)

amOKpLoNG o€ Ogpameio Kol vTOTPOTNG THS VOGOL Imaging mass cytometry




Kvttapikn kow Moproxkn Avaivon (3)

[Tapaymyn

AVTICOUAT®V Cas9 + Cas9 +
RoF control sgRNA TP53 sgRNA
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In vitro andkpion
c€ QApLOKOL
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TCevetikn Iotoloyia E&otopikevpévo
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AWOETOVTOC TEPAGTIO KOYKO» TTANPOPOPLAOV UTTO TV
avaAVGT TAO0AOYIKOV OIKOGUGTIRATMV 1] EPAOTICT TOV
TPOKVTTEL EIvaL TMS 00 EVTOTIGTOUV 01 EVOPKTIPLES
aAlorwoerg (otia)?

Avantoén YL TNV EVIOTIOUO GYEGEMV

OVAUECU OE YEVETIKES GALOLOGELS KU AVTUTOKPLON GE PAPHOUKO




ALOIKTVOKY €@appoyr] yia in silico avdivon:
Rshiny (https://compbio.nyumc.org/drugs)

/ Prior Knowledge :
Authors: Minnan et al
Title: 53BP1-RIF1-slueldin counteracts DSB resection through CST- and Polu-dependent fill-in
Jovrnal: Nature 2018, 560(7716):112-116

Authors: Moordermeer et al.
Title: The shieldin complex mediates 53BP 1 -dependent DNA repair
Jowrnal: Nature 2018, 560(7716).117-121

Interaction network |

Inner C200RF196 (SHLDIL) overexpression

Outer Velipanb IC30 Sensitivity

mle6s | Association (rule)

CI00RF196 (SHLD1) E Zot i »
b é i

ruke 74
e B
e 142

rule 134771 e 105

Interaction table

-“-“-“--”““—

CLO0RF19%
3 Veliparib 1050 Sensitive 0007992008 0. 2666667 2152688 0.0007 372295
(L Pharmacol Ther 2019
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Avaivon: Avdyvoon

) Glucuronyl

transferase < . .. i e HTI(ITIK(’) )\rOBIO

®vororoyiké ‘Hrap

Kidney

Intestine

(4]

» Unconjugated bilirubin
Conjugated bilirubin

Urobilinogen
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HapaTpnon: cVGeOPELO ATOPOVCKIVIS

Xapnrog poOpoc cueompevong Avénuévog pvOpdg cveempevong
MTOPOVGKIVIG MTOQOVOKIVIG




IIpoc@ata OclEaue 0TL 1] GVEGMOPEVGT MTOPOVGKIVIIG NTOPEL
VO, YPNOLHOTO0EL ®OG OEIKTNS TNS KVTTAPLKINS YN PUVONS

Pharmacol Ther 2018
Cell 2019




2HEOLUGLOG KO YUK 6VVOEGT] KUIVOTOUOV YN UIKOV
TPOLOVTOC Y10, TV UVIYVEVGT TNS MTOPOVGKIVIG

Gor™: A -highly lipophilic- biotynylated Sudan Black-B (SBB) analogue

Esterification

‘%‘% SenTraGor

An innovative marker of Senescence appllca bIe in every biological sample

Biotin o
(Valeric Acid) y \

Hydroxyliated _
SBB derivative

3 SenTraGol'




AViYVEVOT MTTOPOVOKIVIC NE Gor™
GE YNPUGUEVA KVTTOPA

U20S hCdtl Tet-ON

Tet-OFF

Tet-ON (Senescence)

HBEC Cdc6 Tet-ON

Tet-ON (Senescence)
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Tet-ON (Senescence)
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AVIYVELOT YNPACUEVOV KVTTAPOV GE VOGOVS

Hybrid histochemical/immunohistochemical staining:

SenTraGor™)- DAB

Positive for senescence human Hodgkin Lymphoma case

<)
>
~
[<b]
S
=
‘©
Y—
S
5]
—
(v
(4]
©
=
>
wn
2
O
[«B]
o
w
©
=
(@)
N
o
=
>
-
=
'
(@2}
©
o
I

Senescence(+) Pts/HL-related 15-year
HRS cells deaths HLSS
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Aviyvevon Tov 100 SARS-COV-2 kot TS KuTTapIKig
ynpovons o€ 16to tvevpova COVID-19 acOevarv

COVID-19 Lung

Anti-SARS-CoV-2 ab Anti-SARS-CoV-2 ab/S protein (1:10)
. S ii.
-
@

COVID-19 Lung
Anti-SARS-CoV-2 ab SenTraGor
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20 g€aunvo: I'vopicovpe Tovg PaotKovS 16TOVS

Iotog Kvbttapa Eoxvttapuw Kvpueg Aertovpyieg
Oepéia ovoia
EmOnioxdg | ABpoicelg moAvedpikadv EAGyiotm Emucaioym
KLUTTOPOV ‘Exkpion
Amoppopnon
Amoppaén
2VVOETIKOG Aldpopot THTol AgpBovn Ymootpién
KaOnAopévav 1 KOl TPOGTaGio
LLETOKIVOULEVMV
Mvikog Emunkn cvetadtd kuttapo Métpa Kivnon
Nevpkog Kotrapa pe dtomiekopeveg Amobvoa MetaBipaon

EMUNKELS ATOPLAOES

VELPIKOV DCGEDV
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H Avotopio kot Ietoloyio ngleta Kupime Tov
EVIIMKO avVOpOTTO EVO 1...
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Enppvoroyio

Eival 1 emetiun mov peAeTd ™ avamtudn Tov avlpamov amo
TO GTAOLO0 TG YOVIHOTOGNS TOV MUPLOV UEYPL TO TEALKO

6TA010 TG OYIuNG euPpuiking meprodov (fetus)

s



Inmokpang: o mpoTog Epppvoroyog

460 n.X-370 n.X.
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http://php.med.unsw.edu.au/embryology/index.php?title=File:Week1_summary.jpg

D aoerg euppuikng avamtToéng

MMPQIMH OYIMH

impls
as trulation

prenatal death
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Hopayoyo TOV TPLOV PLACTIKOV OEPUATOV

Lygote
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Blostocyst
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http://php.med.unsw.edu.au/embryology/images/d/db/Inner_cell_mass_cartoon.jpg

2VyyeEvEIS AVOROALES

Hypoplastic left

Normal heart
heart syndrome

Erspéﬁkan po Aayoystio )



http://commons.wikipedia.org/wiki/File:13900470_3PREOPERATION0.jpg

YVYYEVEIS AVOROALES
Opropéveg avTipneTOTILOVTOL AALES ONQG...
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http://commons.wikipedia.org/wiki/File:13900470_3PREOPERATION0.jpg
http://commons.wikipedia.org/wiki/File:10_months.jpg

dvororoyikog | lMaBorloyikog @arvotTvmog ?
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2 vvopopo Down

Kapvoétvmog: 46,XX/47,XX,+21
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Slanted

Trouble = L
learning = -\\- skin fold
near the
eye

Heart problems .
when born I
: - Large
tongue that
sticks out

Stomach

problems

A belly button
that bulges out

Abnormal
creases

Short pinky
finger

Wide gap
between first
and second toes
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IIpocOia ekTomia opOov

ZPIYKTHPOG
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1358 DECEMRER 16, 1961 LETTERS TO THE EDITOR THE LANCET

THALIDOMIDE AND CONGENITAL
ABNORMALITIES

Sir,—Congenital abnormalities are present in approxi-
mately 1-5%, of babies. In recent months I have observed
that the incidence of multiple severe abnormalities in
babies delivered of women who were given the drug
thalidomide (* Distaval ’) during pregnancy, as an anti-
emetic or as a sedative, to be almost 209%,.

These abnormalities are present in structures developed
from mesenchyme—i.e., the bones and musculature of
the gut. Bony development seems to be affected in a very
striking manner, resulting in polydactyly, syndactyly, and
failure of development of long bones (abnormally short
femora and radii).

Have any of your readers seen similar abnormalities in
babies delivered of women who have taken this drug

duting pregnancy ? Research is to see what
e YA M R W. G. MCBRIDE. everybody else has seen, and

*+* In our issue of Dec. 2 we included a statement to thmk What nObOdy else has
from the Distillers Company (Biochemicals) Ltd. referring thought
to “ reports from two overseas sources possibly associating ' .
thalidomide (‘ Distaval’) with harmful effects on the Albert Szent-Gyorgyi
feetus in early pregnancy ”’. Pending further investiga-
tion, the company decided to withdraw from the market
all its preparations containing thalidomide,—ED.L.,




BipAta Ietoloyiag - Epppvoroyiog

Xeuepivo e€aunvo

Eapivo eéaunvo

ABRAHAM L. KIERSZENBAUM - LAURA L. TRES

latoAoyla pe Lroixela
Kuttapiris BioAoy(as

EIZATOTH XTHN IZTONAGOAOTIA

Mpohoyifouy
Abraham L. Kierszenbaum
Baoikng Mopyouing

Xpriarog Kirrag

Booikng lopyouhng

Empéhewa Empepous Evorfirwy
Mupoivn Kouhoikouon

Keith L. Moore T.V.N. Persaud Mark G. Torchia

EMBPYOAOTIA
oo ANOPQITOY

ATS Tn Zualnyn éwcg Tn Mévvnon

KaiNikH TTPOSErTIEH

NpIv Tn yévvnon, Baoikég Apxéc H AvantuZn tou AvBpa@nou,
EpppuoAoyiac kar Euyyeveic Avauanfiee Euppuohoyia KAnvikou Mpocavatofigpol

a
Baoifing ropyounng
navayiwtng Kavapapog
4 HAAlag Katoikng
~ Kokk@va KouZn-Koidkou
. Mupoivn KouAoukouoca
Mapia Aaunponoiiou
BE06wPOGC MAPIGANG-TaYaKos
NTpdykava NikitoBitg
_ Efgvn Nanasakn-NEtpou
£0TipIog ZwTnpioy

+

HaBnuara EpBpuoloyiag atmréd e-class
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A oKTIKO TpocmwmKO Epyactnpiov Ietoroyiog-Epppvoroyiog: Méin AEIL

Atevbovinc-KaOnyntmg: Basiing I. Topyoving Website: www.gorgoulis.gr

Avaminpotic Kadnyntic

KaOnynmig-Arev0vovmig ’ ,
Baciing 'opyoding Ynoatio Aovon-AvayveoctomrodAlov Kovotavtivog Evayyéiov

|
1
o
e Hogf
.\ E
ll

[

Avarinpotc Kadnyntig Enikovpn KaOnynqtpwa Opotyun Kadnyqtpuo
ABavéoiog Kotoivag Yopia Xafdakn Mvpcivn Kovilovkovca
Y7nev0vuvn EKTodevtik@v Ogpdtov

) o 4
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AWOKTIKO Tpocmmiko Epyacstnpiov Ietoloyiac-Epppvoroyios: Emotnuovikol Xvvepydteg

- u, i . 1 L
Xrydro @poykioka Awovrog My ahng Monrocmtvpémovros Ayyeshog  Aayomdrn Nepéin T'sopyaxomovrov Erévy Moaykovta Xogio
Kaényitplo Ermikovpog KoOnynmng—  Moprakdg Brordyos— Enikovpn KaOnyntpro, OdovrioTpoc— Moproxog Broroyoc—
Ayyswoygeipovpywng, PhD OykolLoyog, PhD Emet Xovepydrne, PhD ®voikég, PhD Emeot Zuvepyatng, PhD Emet Tvvepydrng, PhD

Baoihgiov Movayid g Irvpakog Zropog Mapyétng Nikog Aipamotg lodvwng MatOaiov Nikog
Tatpég ~Kapdroréyog, PhD Tatpég -Mordoycipovpyog latpég - Fevikég latpoc, PhD Tatpég —O@BaipiaTpog
Tastpevreporoyog, PhD
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Tpomog eCétaong

e 10 whoxiow 0O 1GTOLOYIKA TOPOCKEVACLATA (OLVOYVMPIGT) OOUNG
1 16710V 1) 0pYEVOV)
+

e 40 gpmtoelg ToOAAUTANG ETAOYNG
1o 1/3 twv epwtnocwv Oa eivonr Euppvoroyiog.

v'1 gfidouada npv tig eleracels Oa yivovial ppoviioTnpPIoKES AOKNOEIS
ETOVAANYNG OAWYV TWV TAOKIOLWV 10TOAOYIKMV TOPOTKEVATUCTOV.

v EKTO10e0TIKO DAIKO OYETIKO UE T Habnuata kol ta epyactipio
Ppioxetar oty dievBovon.: hitp://eclass.uoa.gr/courses/MED133
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Eletaoers Iotoroyioc—Euppvoroyiag (I ko II)

Xwpog e€€taonc: AtBovoa ackneswv Epy. Iotoloyiac—Epuppvoroyiog
(ktipro 4, 1°< 0po@Pog)

H e€étaon O0a yiveron avd opdoa gortnt@v (36 dropa)

Xpovog eétaonc/opdoa portntav: 1 dpo

T'a ™y copucToyn 6Tic eCETAGEIS TOV uabnfuatog, arxopaityTy
TPovTOOcon ivar ) TAPAKOLOVONGH TMWV EPYACTHPIAKOY ACKIGEMY.
Awkaiwuo arnoveiag / eéoaunvo: 1
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EYXAPIXTQ
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Training in cell lines Testing in unseen clinical cohorts

Elastic Elastic
Nets Nets

Pharmacogenomic
dataset
(1001 cell lines)

Clinical
cohorts

Gene 7 ’ @ ﬁ . Drug
expression Random Bovests Im Random Forests response

1. OCCAMS

2. MD Survival
Anderson —

Deep Neural 3. TCGA Deep Neural
Networks (DNN) Networks (DNN)
4. Multiple

Myeloma
O consortium
O

O
A

DNN capture of biologically meaningful concepts

Extract gene-node weights

"
) |
<

Detection of drug
response specific -
significant pathways

Input layer
=genes)
15t hidden layer

(nodes

Cell Reports 2019



Kvttapikn kow Moproxkn Avaivon (3)

Antibody Y S f
production > @ ’ Cas9 + Cas9 +
control ngNA Tpig‘R’l\lA TP53MM TP53R110(5.R1101(.
; » é e
.l
)

) 08
® Fresh lung B Club cells ‘v' \ $‘
O BAL Basal cells
L o™ -7 GAPDH

i —_— 7p5gR IR0

p53 -

ion (%)

Organoid format

Clone 1 Allele 1
86>1166

M Healthy tissue

NGFR/ CD24/ NGFR/ CD24/ Sloned Alel 2
EPCAM EPCAM EPCAM EPCAM Bl

Single cell FACS Single cell FACS

Clone 2 Allele 1
83>1234

M Pre-malignant
tissue

Clone 2 Allele 2
89>1251

TP53 reference

CRISPR/Cas9-mediated genome editing

M Tumor tissue

I e L

High-throughput
analysis

Generation of human Airway Organoids

In vitro drug
screening

AN AN oA T

Genome 7 Histology Personalized drug

profiling : response profiling
Xenotransplantation
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Validation

In silico avaivon

Pharmacogenomics Dataset:

1001 cell lines and 251 drugs
(see Suppl Figure 1)

Support
Association Rule Mining rutes: 7, 1
Gene => Drug SN

Confidence

¥

Dynamic Thresholding
Significant rules (FDR=5%)

¥

Target Gene Selection
Identify genes that increase or decrease
drug efficacy

In silico and experimental validation
Test genes conferring sensitivity or resistance
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Kavoveg mov cvvosovy v vaepék@pacn tov CDCO pe v
avlekTIKOTNTO 6TV OvooTtoA) Tov MAPK pnovomatiov

PD-0325901 Resistant 0,00999 0,294118 2,0445 2,11E-05 MAPK/ERK signaling
Trametinib Resistant 0,010989 0,323529 1,9991 2,03E-06 MAPK/ERK signaling
RDEA119 Resistant 0,00999 0,294118 1,692 0,0021252 MAPK/ERK signaling

... indeed in “escaped” cells:

Normal A o8 Resistance to inhibitors and potential outcomes
S Tegele

Timeline: 0 S0 Signaling Signaling
DOX: CDC6 Induction « I A * cascade 1 cascade 2

ON  Semescence Escape (aggressive behavior) OFF
B

Esc/OFF (e.g. B-RAF) A D

* \ 4

1C5y=0,012 mM OFF (e.g. MEK ]/2) B E (e.g. \LAPZK:%)

IC:=0,24 mM Esc

Cell survival (%)

) v v
log[PD98059] (M) (e.g. ERK 172, p F (e.g- p38 )
CDC6)
HBEC CDC6 Tet-ON * Resistance to inhibitors
25 uM PDY8059 (24h) v v —
(] OFF T Tumor * Re-activating mutation
B Esc Growth Growth Re-wiring mutation

Cell survival (%)
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Ipoxinon perarraéng P.R55T (c.G164C) oto 3° eE®Vio TG
MAP2K3 6¢ k0TTOpO TOV “O1EQUYAV’ 0TO TNV KUTTUPLKY Y1]PUVGT)

Whole Genome Sequencing (Escape versus OFF — in 3 biological replicates)

Exons |
MAP2K3 gene:

logical Replicate #1
T
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H perarraén p.R55T (c.G164C) ¢ MAP2K3 kot 1)
gvepyomoinen Tov P38 froynuikod povoratiov (?)

putative ‘arginine stack’ sites
N
R94 D135
|

'K GKSKRKKDLRI?

~
putative docking domain
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Epotnuo:

Ko0og to ynpocuséva Kottopa ogv
ToALOTAOGLACOVTOL
0o pTopovoe N suecO®PELUEYT
AMTO@OVOKIVY] VO YpNoLuomom el g
OEIKTNG KVTTUPLKNS YIPUVOTS;
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I'mpocpéva KotTOpa
ILE GVGGMPEVGT] MTOPOVGKIVIG
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AvViYVEVOT MTTOPOVOKIVIC NE Gor™
GE YN PUCUEVOVS LOTOVS

"Hrap véov atopov
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