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Types of Cancer
Cells

*  Kapkwwpato

*  Ta kopKvwuota ivat kapkivol mou epdavifovial ota embnAlakd KUTTAPO IOV EMEVOUOUV TLG KOLAOTNTEG TOU
owpaTog. O TLo KOWOE TUTOG KAPKLVIKWY KUTTAPWY, TA KAPKLVWLOTA TIHPaV TO OVOMA TOUG Ao ToV TUTIO TWV
EMLONALOKWY KUTTAPWV ToU PETaAAAXBNKav. AUuTA EPAABAVOUV:

e Adevokapkivwua: Kapkivog mou emnpealel ta embnAtakd KUTTOpO 0TOV AdEVIKO LOTO, OTWE O HAOTOG, TO Ttaxy
£VTEPO KOlL O TIPOOTATNG

*  BOOLKOKUTTAPLKO Kapkivwua: Kapkivog mou emnpedlel ta embnAtakd kUttapa otn Bactkn (katwrtepn) otifada
™G emidepuidag (6€pua)

*  AkavBoKuTtopLKO KapKivwpa: Kapkivog mou emnpedlel ta mAakwdn embnAtaka kUTTopa, Ta onoia Bpiokovratl
OKPLBWG KATW armo TNV eEWTEPLKN EMLPAVELX TOU SEPLOTOC KL OTO OTOUAXL, TA EVIEPA, TOUG TIVEULOVEG, TNV
oupodoxo KUOTN Kal ta vedpd

*  MetaBatikd KUTTAPLKO Kapkivwpa: Kapkivog ou emnpealel to petaBatiko embnito (oupoBnAto), Ta omoia
elval Stadopwv peyeBWV, TOAUCTPWUATIKA eMONALAKA KUTTAPO OTNV 0UPOSOXO KUOTHN, TOUG OUPNTAPEG KL TA
vedpa

*  JopKwpata

*  Ta copkwparta givat kapkivol mou epdavilovial oTa 00Td, TOUG HUG, TO aipa, To Aimog kat dAAa kUTTapa
MOAOKWY LOTWV YVWOTA WG LECEYXUUATIKA KUTTOPO.

e Aeuyoipia

e Ta AsuxouLpika KUTTAPA Kol Tal AeuxoLpkd BAaoTikd kUTTapa eivatl un ¢puctohoyilkd Aeukd atpoodaipta tou
oxnuatifovrot ota BAACTOKUTTOPA TOU HUEAOU TWV 0GTWY, OTIOU TIOPAYOVTAL Ta KUTTAPA TOU aipartog. I avtiBeon
LE 0pLOPEVOUG AANOUC KapKivoug, Ta KUTTtapa Asuyatpiag 6ev cuvséovtal PeTatl TOUG yLa VO OXNUATICOUV OYKO.

*  Agpdwpara

*  TaAepdwpata eival Kapkivol Tou oxetilovral LE TO Al TTOU TIPOKUTITOUV oo AsudLkoU G LoToUG 0TO AEUPLKO
ocloTNUO, £va HEPOC TOU OVOOOTIOLNTLKOU GUOTAUATOG TTOU SLOTPEXEL OAO TO CWHAL.

*  NoM\armAé Mughwpa

*  To moA\amAO HUEAWA ELVAL EVAG TUTIOC KOPKIVOU TOU OLATOG TTOU QVAMTUCCETAL OE MAQCUATOKUTTOPO -
AEUKaA alpoodaipla mou mapayouV avilowpata. Epdavitovral 6tav £va MAACUOTOKUTTOPO YivETal avwualo Kat
OTn oUVEXELa Slatpeital yia va avarmapaxBei, oxnuatilovrag KUTTopa LUEAWUATOC.



Sustaining proliferative
signaling

Resisting Evading growth
cell death SUPPressors

nducing Activating invasio
angiogenesis and metastasis

Enabling replicative
immortality




Shape: Irregular

Nucleus: Larger, darker

Growth: Out of control

Maturation: Immature - Doesn’t mature
Communication: Doesn’t communicate
Visibility: Invisible to immune cells
Blood Supply: Tumor angiogenesis
Oxygen: Doesn't like or require oxygen
Glucose: Loves, craves glucose

Energy Efficiency: Very low (5%)
Amount of ATP: 2 units of ATP

Cell Environment: Acidic

Nutrient Preference: Glucose

DRJOCKERS.com

Shape: Regular

Nucleus: Proportionate size

Growth: In control, systematic

Death: Mortal (Apoptosis)

Maturation: Mature (Cell differentiation)
Communication: Communicates
Visibility: Visible to immune cells, with ID

Blood Supply: Angiogenesis during repair
Oxygen: Requires oxygen |
Glucose: Requires some glucose

Energy Efficiency: Very high (95%)
Amount of ATP: 36 units of ATP

Cell Environment: Alkaline
Nutrient Preference: Fat, Ketone, Glucose
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MNormal cells Cancer cells

Alkaline environment | Acidic environment

Uniform in cell size and shape Irregular in cell size and shape

Irregular membrane,
including folds and ruffles

Uniform membrane,
almost smooth

Relatively small
cyloplasmatic volume

Large cytoplasmatic
volume

Single nucleolus Multiple nucleolus

Uniform nucleus shape,
proportionate size

Irregular nucleus shape, larger and
darker, multinucleate




NORMAL CELLS

CANCEROUS CELLS
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Many cells that Variations in Nucleus that Abnormal Cluster of
continue to grow  size and shapes is larger and number of cells without a
and divide of cells darker than chromosomes boundry
normal arranged in a

disorganized
fashion




Cells under -
microscope 2D
cell cultures
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Ta KAPKLVLKA KUTTOPO KoL TOL PUCLOAOYLKAL
kUTTOapa SLadEPOLV WE TIPOC TLC OLAdLKACLEC
TIOPAYWYNC EVEPYELOC

* Ta PuoloAoyKa KUTTOPO TTOLPAYOUV EVEPYELA Normal cells

petatpénovrac tn YAuKOIn o€ éva HopLo mou s Cancer cells
ovopaletal ATP péow piog dtadikaoiag mov ovopaletol ,i o
KUTTapLkn avarvor. Auth n Stadikaoia anattei 2 ATP——{aLvcovrsis|—» 2 ATP 2ATP._mclms.s_. -
ofuyovo kat tapayet Slogeidio tou avBpaxka we roro, | Pyt aca] resence ot

anoBAnto npowv Avuesta, o KapKWLKa KUtTTapQ a0 bockefO,  ERIRRREN | "rosenoe of O
MITOPOUV VoL TAPAYOUV EVEPYELQL usow ML GtaGLKaotaq e < \;wi. PR
niov ovopdeton yAukéAuon, n oroia Sev armattei ot Sl Alasiea
ofuyovo. Auti n Stadkacia napava YOAQKTLKO o£u WG G) 5 ATP (Warburg effect)
anopBAnto npowv, TO OTolo UMopEl va ouoowpsurst Kol

va dnpoupynoet Eva 0§wvo nepLBaAAov ov HopEL va

BAAY el TOUC KOVTLVOUG LOTOUG. ETUITAEOV, TOL KOLPKLVLKA Tié,.‘:%"‘?;‘r_. 34 ATP
KUTtapa unopet eniong va Bacilovral oe AAAEC TTNYEG

vépyeLag 6mwg n yAoutapivn, évag TUnog apwogEos. $$=>2ATP $$ => 38 ATP
ZUVOALKQ, oL GLad)opsq otnv napavwvn EVEPYELOG a) b)

HETGEU Twv K(IpKI.VlK(A)V KUTTapwV Kol TV 2: Difference in glucose metabolic pathways a a function of oxygen abundance in a normal cells. and by cancer cells.
cbuomo)\olewv KUTTAPWV Eival Evag amno Toug

TLOLPALYOVTEC IOV CUMBAAAOUV oy ava.a}\n ovantuén

KoL CUMTIEPLPOPA TWV KOLPKLVLKWVY KUTTAPWV.

$$ => 2 ATP




Cancer genetics

¥ Liquid biopsy ) : ?' : )G'\_lM'\ o ¢fDNA purification MPADT o
Y& Mo TUMIKN PEAETN KOPKIVOV 0€ avOpdmTovg, v = . = — § SODGT |
ot aliniovyies wor tov 20.000 yovidimv ' ° | e MOVOR
TPOGOLOPIoTNKAY o€ nePimov 3.300 g | " MOVOR

OLOQOPETIKOVS OYKOVG KOlU  OTN  GUVEYELWN
oVYKPiONKav pe TIg yovidlokég ariniovyies oe 4

11 KOPKIVIKO 10TO 00 TOV 1010 0.60gVvY). Xy€00V Fow g E
300.000 petarrders avyyvevOnkav GuvolKd. S

analysis
AN i H— s it
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Cancers perdiction Combinatovial analysis

Avtég o1 140 petarhaiers 00N yOV EPTITTOVV GE TPELS YEVIKES KATNYOPiEG:

Moévo éva pmkpd KAGOpO OVTAOV  TOV
RETOALGEE®V, o1 peTOAAAEELS 001 Y0V, 1TAV T
orric ™S pn  puBuwopévig KUTTOPIKNG
owipeonc. H cvuvrpurtn) miewoynoia (>99,9%)
nrav  «petorrdéers empoatovy, o1  omoigg
ovvéfnoav  Tuvyaic kov  dev  mapseiyav
TAEOVEKTINO. EMAEKTIKNG OVATTUENS GTOV 16TO
OGTOV 0TTOL0 ERPAVIGTIKAY.

ovtd mov eanpedlovv Ty KutTapikn emPinon (o€ yovioro mov kmdkonmowovv Ras, PI3K, MAPK, ywo mtapdaderypa)

oVTA OV EANPEGLOVY TV IKEVOTITO TOV KVTTAPOV VA 10T povy éva d0ikto yovidiopa (ATM, ATR)

Kol gKeiva 7ov  emnpealovv TN HOipe TOV KULTTAPOV, TPOKIAOVTOS TO KOTTOPO VO OLOPOUVTIOL, VO

ora@opomorovvrar 1 va npepovv (to APC givan éva mapaderypa).

"Evag oyetikd pikpog aplOpog petairldce@v Ntav moAd 6vyveg 6€ TOALOVS TOTOVS KOPKiIVOV, 6T Yoviola Yo To Ras,



What Causes Genetic Changes?

Heredity Viruses

O

UV Radiation Smoking

-
®

Chemicals Cells Dividing




' What Are Oncogenes?




- What Are Tumor Suppressor Genes?

NORMAL CELL

CANCER CELL

Tumor
suppressor
genes in
normal cells
prevent cancer

DNA changes
that inactivate
tumor
suppressor
genes can lead
to uncontrolled
cell growth




DNA repair genes

* DNA replication Oxygg Y fadlf: a!s * lonizing radiation Ultravnolgt ight . * Ultraviolet light
* lonizing radiation * Polycyclic aromatic

stress « Chemotherapeutics * Chemotherapeutics hydrocarbons + Alkylating agents
v
Base mismatch Single-strand Double-strand break Bulky adducts Small adducts
break
Insertions/ Abasic site Interstrand crosslinks Intrastrand Reverse/Release
deletions 8-oxoguanine crosslinks
o Pl 2 E
M_nsmatch . Base Excision Repair Homolggogs Non-Hom9I9gous Nucleotide Excision Direct Damage
Mediated Repair (BER) Recombination End-Joining Repair (NER) Reversal (DDR)
(MMR) (HR) (NHEJ) P



How Do Genetic Changes Affect Cancer Treatment?

DNA Change

»




How Does the Immune System Interact with Cancer? How Does Age Relate to Cancer?

DNA Change

immune Cell DNA Change %

Immune Cell

¢




Normal —> Hyperplasia —> Dysplasia —> Cancer

Tissue Changes that Are Not Cancer



Carcinogenesis

and mutations

Normal
somatic cell

First
mutation

Second
mutation

Third
mutation

Fourth or later
mutation

First mutation alters cell cycle
control giving this cell and its
descendants a selective

advantage for proliferation

Second mutation further damages
cell cycle control and increases
selective advantages for proliferation
among descendants of this cell

By the accumulation of a
third mutation, proliferation
may be notably abnormal,
e.g., forming benign tumors,

and cellular structural changes
may be evident.

Most malignant

tumors require 4-5
mutations affecting
proliferation, cell

death, and life span

Malignant cell



Multistep transition from normal epithelial cell to
colorectal cancer

_ \\
MMR APC CDC4 KRAS PI3K TP53 SMAD4 ( )
(DNA  B-catenin (ubiquitin-  BRAF (p53) TGFBR2 /
Genes< enair) dependent A/ p .
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Progression: Normal epithelium Small adenoma Large adenoma Cancer ‘ \\ Metastasis }/
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Tumor suppressor
15-PGDH _factors turned off

cox-2 } i
E in colon cancer
Growth factors 3 .
Oncogenic EGFR (epidermal growth factor receptor) ;iﬂ

mediators

turned onin .
Eolonlcancer EETGF-B (tumor growth factor)

O oelplakég LeTaAAAEELG O OyKoyovidLa (TPAcLvo) 1| OyKOKOTOOTOATIKA yovidia (KOKKLVO) 08nyoUv o€ MPooSeUTIKA AlyOTEPO EAEYXO TNG KUTTAPLKNG Slaipeong, £wG OTOU TEALKA OXNUATLOTEL EVag EVEPYOG
OYKOG, 0 OMoiog HEPLKEG POPEG UIMopEL va SwoeL petaoctAoels (va e§anmAwBel and tnv apyikn 0€on oe AN TePLOXEG TOU owpatog). H petaAAagn tou yovidiov MMR o8nyei o eAattwpatiki emblopbwon
tou DNA kat kKatd cuvénela o€ UPnNASGTEPO TOC0O0TO HeTAANAENG. MeTaAAdgelg kKal ota SUo avtiypada Tou oykoKataoTaAtikoU yovidiov APC 08nyouv og KaAor0elg cuoTadeg EMONALAKWY KUTTAPWY TTOU
noAAartAactalovratl oAU ypriyopa (mpwito adévwpa). To oykoyovidio CDC4 obnyei og eAattwpatiki ouBikovitivonoinon, n onoia sivat anapaitntn ywa tn pUOUION TWV EEAPTWHEVWY Ao KUKAivn
Kwaowv. Ta oykoyovidia KRAS kot BRAF kwikomolouv Tig npwteiveg Ras kaw Raf ko avutr) n nepattépw dratapayn tTng onuarodotnong o8nyel 6To OXNHATLONO EVOG MEYAAOU ASEVWLATOG, TO OMOLO HUopel
va avixveuOel e KoAovookomnon we KaAondng noAumodag. Ot oykoyoveg HeTaAAagelg oto yovidio PI3K, to omoio kwdiwkomnolel to Eéviupo pwaodoivoortidn-3 kwaon, | oto PTEN, to omoio puBpileL tn
oUvBeon autoU Tou eviUpoU, 08nyoUV Of TMEPALTEPW EVIOXUON TOU ONMATOC: Stapéote twpa. Otav éva KUTTOPO Ot €vav amod toug MoAUmodeg udiotatal mepattépw UETAAAALEL], OMWG OTA
oykokataoTtaATtikd yovidia DCC ko p53, oxnuatifovrat 6Ao Ko rio erOetikol dykol. TEAOG, METAAAGEELG 0 AAAQ OYKOKATAOTOATIKA yovidia Omwe to SMAD4 o8nyoUv o€ KakorOn oyko Ko LEPLKEG POpPES
OE LLETOLOTOTLKO OVKO TToU LTtopel va efanAwBetl oe dAAouc wotouc.



Carcinogenesis phases

Initiation Promotion Progression
Defects in Growth Control
Virus Resistance to citotoxicity
Pollutants Defects in programmed Cell Death
Radiations l
| ‘ ) Selective ) _
Activation Genetic Elnnal Expanslan Genetic Genetic
¥ Change 3 Ehange Change
4B
»
Normal cell Inlhated cell Prenenplasnc Malignant Cancer
cells Tumour Invasion
Activation of Proto-Oncogenes

= |nactivation of Oncosoppressors Genes
Inactivation of Antimetastatic Genes



Tumor Stage

Cancer staging is the process of determining the extent to which a cancer has grown and spread

7 Muscle layer invasive tumor into
subserosa or pericolic tissues

5
\

Aggressive tumor that penetrates
other structures and organs

Tumor invasive of the
submucosa

Muscle layer invasive tumor

M1 with distant metastasis

IClini

The Virtual Hosp

n:nl

TO

Tis

T2

T4

Unable to assess primary
tumor

e

There is no evidence of
primary lesions

&etastasi.s

Y
®

Unable to assess lymph
node involvement

NX

Carcinoma in situ

2

No lymph node
involvement

Tumor penetrates
submucosa and mucosa

NO
MX Unable to assess distant

metastasis

The tumor invades but fails to i
penetrate the muscle layer & N1

There is metastasis in
perirectal nodes around
one to three

There is no distant
metastasis

The tumor penetrates the
subserosa

There is metastasis of
four or more perirectal

There is distant

Tumors penetrate deep into N2
metastasis

the peritoneum or other
organs




Metastasis

Primary
malignant
tumor

Primary
metastasis

Secondary
metastasis

e Jt0 napadeypa nov dpaiveral
€6w, auto cupPaivel og otadlo
SLopETpou Oykou 1 cm ko pnopet
va EXEL SLapkEaeL 12 xpovia. ZTnv
MPWTOYEVI, SEUTEPOYEVA Kall
TPLTOYEVA HETACTAON TA KUTTOPQ
yivovtati 0Ao kat 1o kakonon ko
0 XpPOVOG SUTAQGLAGHOU TOU OYKOU
HELWVETAL ONLLOVTLKA.



Epithelial-to-mesenchymal transition (EMT) process

EMT

Loosening of
intercellular junctions

Reduction of interactions
with the ECM matrix,
polarity loss

Cytoskeletal

reorganisation,
Increased level of MMPs,

increased migration
basement membrane

degradation, invasiveness

BASEMENT MEMBRANE

‘y CUE O}XO]@M ol ol&®m (q

Epithelial markers

Mesenchymal markers

= Snail-1 as an inductor framiuect;
Claudins Vimentin
Ocludins p-catenin
Cytokeratins Fibronectin
Mucin-1 MMPs

H petafacn amd emOnAloko ce PECEYXUHATIKO (EMT) eivan pia puctodoyikny Stadikaocio mov cupfaivel KATA TO TTPWLLO OVOITTUSLOKA
otadia. Qotdoo, eival emiong XapakINPLOTIKO TG €EEAENG TOU KapKivou, KaOW¢ €ival o KUPLOG UNXAVIOMOG Tou guBUvetal yla T
SLELOSUTIKOTNTA KAl TN LETACTACH TOU VEONAQOUATOG O MPOXWPNHEVA oTadLa. Katd tn StdpKela autoU TOU HETOOXNUATIOHOU, Ta akivnta
KOTTOpa EMLONALOKAG TPOEAEUONG XAVOUV OTASLOKA TLG OTEVEG CUVEECELG TOUG, TO XOPOKTNPLOTIKO OXMLO KO TV TTOALKOTNTA TOUG Kat AGyw
TWV AVAKATATAEEWV TOU KUTTOPOOKEAETOU, ALIMOKTOUV £VAV LECEYXUATIKO PaLvOTUTO ToU potaleL pe tvoBAACTEG.

2to nAaicLo TNC EEEALENC TOU KAPKIVOU, N TTLO ONUOVTLKA KUTTOPLKI LKOWVOTNTO TTOU EVEPYOTIOLELTOL OO TO
EMT sivow n etoBoAn




Tumor Grade

Well differentiated Moderately differentiated Poorly differentiated Undifferentiated

v 0 BadUOC OYKOU MEPLYPAPEL TTWC PAIVOVTOL TA PUGLOAOVIKA 1} LN (PUGLOAOVIKG KOPKIVIKA KUTTOPO OTO
ULKPOGKOTTLO.

v 0oo udnAdtepoc givat o Baduoc, T0co mLo avwuUaAa eaivovtal Ta KUTTaPA Kol TOOO TTlo YPAYopa gival
1A ey v TITTIIVSN I eyl ey cSrv1rA oy




NORMAL , HEALTHY CEULS
FORMING  GLANDS

£ S -
4 _\,\:",,‘I‘A‘" Epithelial cells+—y

e

NORMAL , HEAUTHY CELLS NORMAL , HEALTHY CELLS

= WELL DIFFERENTIATED CANCER CELLS

(VERY SIMILAR To cewis IN THE ARER) MODERATEL] DIFFERENTINTED CANCER CELLS
(CERLY ABNOKMAL BuT STWL RESEMBLE

CeusS N THE AREA)

NORMAL, HEALTHY CELLS NORMAL, HEALTHY CELLS

___PooRLy D CANCER CELLS
(vers ABMoRMAL, ONLY Sate SoME
FERuLES)

UNDIFFERENTIATED CANCER CELLS
UK NOTHING LIKE NogWAL CELLS)

_ * a) Normal colon tissue, (b) detailed structure of a normal colon
Co | on tissye tissue (c) moderately differentiated, (d) moderately-to-poorly
differentiated, and (e) poorly differentiated.



Learning Objectives

Understanding the
characteristics of
cancer cells

Understanding the
differences in their
growth patterns,
characteristics, and
behavior the genetic
and environmental
factors that
contribute to
development of
cancer cells

Knowing the
mechanisms of
cancer cell growth
and metastasis

Understanding the
meaning of Grade
and Stage




Questions

* Normal cells have:

a) Larger cytoplasmic volume and darker nucleus

b) Alkaline environment and multiple nucleolus

c) Acidic environment and larger cytoplasmic volume

d) Alkaline environment and almost smooth
membrane



Questions

* How many are the driver mutations?
a) 3,300

b) 140

c) 20,000

d)3




Questions

e About Grade:
a) The higher the grade, the more abnormal the cells look and the faster it is likely to grow and spread

b) The higher the grade, the more normal the cells look and the faster it is likely to grow and spread



e Thank you for your attention!

W ¥niversity of
Athensw .. ===
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