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O1 Traparnpnoeig Tou A. van Leeuwenhoek

A FIGURE 1-1  Antonie van Leeuwenhoek's drawings single celled. [By permission of the President and Council of
represent the first look at microscopic creatures, revealing a the Royal Society.]
world of microorganisms, some of which we now know are

To oTrTIKO HIKpOoOoKOTTIO TOU Robert Hooke

A FIGURE 1-2 In 1665, Robert Hooke drew the cut
surface of cork that he observed through a light microscope;
he called the spaces in the pattern “cells.” [Courtesy of
Houghton Library, Harvard University.]




Kuttapiki BioAoyia

1665 Robert Hooke: eicaywyr Tou 6pou «KUTTAPO».
1896 E.B.Wilson:  “The Cell in Development and Heredity
1906 BpaBeio NopteA otoug C. Golgi kai S. Raymon y Cajal
ylo TTpwTn Qopd o€ PEAETEG KUTTAPIKAG BloAoyiag.
1925 E.B. Wilson: «...TO KA€I0i o€ KAOE BioAoyikd TTPpORANua
TpéTTel TEAIKG va avalnTtnBei oTo KUTTOPO».

Alebpuvan PHEAETWYV aTTO HOVOKUTTAPIOUG OPpYyavIoUOoUG o€ KUTTApA
TTOAUKUTTAPOU OPpYavIOUOU, KUTTAPIKEG OEIPEG ATTONOVWHEVES ATTO
10TOUG eVNAIKWV Kal euBpUWY Kal KUTTApIKa opyavidia

1945 A. Claude, K Porter kai E. Fullam: ®wtoypagia kuttdpou
atrd NAEKTPOVIKO PIKPOOKOTTIO.
1974 Bpafeio NoutreA atoug A. Claude, C. de Duve kai G. Palade
yla Tn oUvdeon PETAEU opydvwong KUTTAPIKAG SOUNAG
Kal BIOXNUIKWVY AEITOUPYIWV KUPIWV KUTTAPIKWY OPYaVISiwv

MAgovekTHpaTA

@ Ta kUTTOPA €ival opaTd OTO PIKPOOKOTTIO.
XpAon CWTIKWV KUTTApWYV Katd To Treipaua.
KardoTtaon teipaparddwou.

©

Opoyevng TTANBUCPOG PE iDI10 YEVETIKO UAIKO O€ idI0 TTEPIBAAAOV.
TpoTroTToinon ouvenkwyv TTePIBAAAOVTOG
) (pH, 6/cia, cuyk/on apivogéwv, KATT)

©

ATtroteAéopara atod oAU Aiya KUTTOPA.

©

XpAon padievepywyV IXVNOETWYV, @APUAKWY, OPUOVIV KATT.
Xoprynon o€ PIKPOTEPEG TTOOOTNTEG ATTO OTI € OAOKANPO (Wo.
Atropuyn peTaBoAiopou, atmoBrikeuong r aTTopdKPUVaonG.
AtroteAéopaTa yia puBuoug evowpdtwong/uetafoAMiopou.




Bioxnueia - Mopiakn BioAoyia (apxég dekaeTiag '40)

MANBwpa dedopévwyv  DNA/yovidia,

RNA, diepyaoiec RNA
TTpwTEivoouvBeon
AEITOUPYia TTPWTEIVWDV.

lvovTal og paAAov
— 00IaNOPPWTOUG
Xwpoug

MeTtaypaen, Aiepyaaieg RNA,
MpwrteivoouvBean, evCUUIKEG AsITOUpYiES

OAAG...

H pikpookoTria £0€ige 611 OAa auTd yivovTal o€
MIKpOTTEPIOXEG (microdomains)
aT1rd ONUAVTIKEG OOMIKEG TTPWTEIVEG.

O1 oxéoeig eTagu TETOIWV DOPWV
givai n Baon yia tnv
Katavonon Tng AsiImroupyiag

Mopiaki Kuttapiki BioAoyia

loToKOaAAIEPYEIEG: Alatripnon fi avaTITugn KUTTaPpWY
(Tissue culture) I0TWV 1 opyavwv in vitro yia
TTEPICOOTEPES ATTO 24 WPEG.

KuTtrapokaAAiépyeieg (cell cultures):
Ta KUTTapa Ogv diatnpoUvV TN XapaKTNPIoTIKA
OpYyavwan Tou 10ToU atrd OTTou TTPOEPXOVTA.

OpyavokaAAiépyeieg (organ cultures):
Alatipnon diagopoTroinong ) SouAg A AsiItoupyiag




MovooTiffeg KaAAIEPYEIEG
(monolayer cell cultures)

KuTtTapoKaAAIEPYEIEG —

KaAAiépyeleg o€ aiwpnua
(suspension cultures)

ATTOIKIiEG KUTTAPWYV
(cell colonies)

 ——

MpwTroyeveig kaAAIEpyeleg
(primary cultures)

Aeutepoyeveig KaAAIEpyEIES
(secondary cultures)

AnmrAogideig ] opiopévou Xpovou

Kutrapikég oeipeg —— (diploid, semicontinuous finite cell lines)

(cell lines)

L. EtepotrAoeideig | ouvexeig
(heteroploid, continuous, permanent
| established cell lines)

Ta XapAKTNPIOTIKA TWV KUTTAPWYV 0 KaAAIEpyEIa

Oiwvei-emonAiakd o€ Ox€on pe T UAIKO

Eidn kuttdpwyv: Oiwvel-IvoBAaoTIKA } To oxrjua aAaZel
Kal TNV TTUKvOTNTA

avdAoya TnG TTPOEAEUOTG TWV

Neupikd
MuoBAdoTeg
NAEPQOKUTTOPA...




ATTOIKiEG KUTTAPWYV

< FIGURE 6-1 (a) Colonies of the yeast Saccharomyces
cerevisiae growing on a plate of agar containing only glu-
cose, adenine, and salts. Each colony is a clone of cells.

(b) Close-up view of two yeast colonies. As the cells in the
colonies grew, a mutation affecting adenine biosynthesis
occurred in some cells; as a result, an orange pigment
derived from one of the biosynthetic intermediates accumu-
lated. The orange sectors in these colonies are “subclones,”
the descendants of the original mutant cells. [See N. A.
Levin, M-A. Bjornsti, and G. F. Fink, 1993, Genetics 133:799.
Courtesy of Dr. Nikki Levin.]

IvoBAdoTEG

O kUpI0g TUTTOG KUTTAPWV
O€ TIPWTOYEVEIG KAANIEPYEIEG

BpiokovTai
OTO XWPO HETAEU AAAWV KUTTAPWYV,
OTO OUVOETIKO 10TO

Exkpivouv TTpwTeiveg
€EWKUTTApPIOU XWpPou, T1.X. KoAAayovo

Aev guvdéovTal IoXupd heETalu Toug,

aAAG KUpl’wg JE éva U'lTéO‘Tp(A)}JG A FIGURE 6-4 Electron micrograph of collagen fibers
e s #nd the parent fibroblast cells that secreted them. The
(TrX ETTKPGVE'q GVG1TTU§FIQ, repeated pattern of staining along the collagen fibers is seen
A Y # higher magnification in the shadowed image in Figure
YSITOVIKG KUTTGpG) %24 [From D. Eyre, 1980, Science 207:1314.]

Baoikég péAog atn Beparreia
TTANYWV Tou €pUaTog.




Cary Staye
of myotube

KaAAiépyeia puoAaocTwyv

dividual Cross
myoblasts striations

A FIGURE 6-6 Cultured transformed line of rat myo-
blasts. (Left) This cell line grows indefinitely as single cells in
culture. (Right) When growth of cultured myoblasts is
stopped (e.g., by removing serum from the medium), the
cells fuse to produce myotubes with the characteristic cross
striations of differentiated muscle cells.

AlaxwpIion6g 10TOU O€ KUTTOPA

A
Collect tissue Chop with crossed Wash by ;
sample in DBSS scalpels to 2 - 3 mm resuspension and RApIAcs BEG Wi

trypsin and place

ssilling 2 - 3X on ice overnight

. — Count cells and
Seed flask or dish check viability
Remove
trypsin and
=] incubate for
Disperse tissue by 20 - 30 min

pipetting in medium




O S10XWPICHOG TWV KUTTAPpWV
lotég o€ KaANépyela

ATttodlopydvwon

/

€VQUHIKOG (PUOIKOG
AUGT HECOKUTTEPIOU 0UGIag Ze éVT9va 6|acp’op0n0|r]pévc’)ug I0TOUG
E€aptral ammd  Uon Ka ATropévwen pEow UTTOBOXEWY
apIBUS KUTTAPWY IGTOU HME XProN AEKTIVWYV, avTIyOvwv

Kal avVTIOWHATWY
Mpovdon: aAKaAIKEG, OUDETEPEG TTPWTEACEG ] ] ]
KAPBOEUTTETITISATEC Alaxwpiopog )\Sp’(POKUTTC(pw’V Baoel
QUIVOTTETITIOAOEG uTTodoxEwv HEUBPavng

Opuwivn: TTayKPeaTIKO £VCUO.
YSpoAUel TTeTTIBIKOUG deCUOUG
AvaoTéAeTal aTTé oppd OTO
UAIKO avaTrTugng (10%)

KoAAayevdaaon: fma dpdan.
Xpnron yia guaioBnTa KUTTOPQ

TeXVIKEG O1axwpIoHoU KUTTApWV (I)

O 310XWPICHOG TWV KUTTAPWYV ATrd 1I0TO 1| A1Td
MOVOOoTIBN KaAAIEPpYEIA YiVETAI PE SIAAUHATA TTPWTEACWV:

-Opuyivn
eite kaBapr), €iTe piyya pe xupoBpuwivn kai EAacTAON
-Mpovaon
KUPIWG O€ TIPWTOYEVEIG KAANIEPYEIEG
-KoAhayevéon
KUPiIWG o€ KAANIEPYEIEG KAWVWV
-AloTtrdon
Oudétepn mpwTedon atrd Bacillus polymyxa.
XpAon kupiwg yia didoTracn IoTwyv. AtaiTei Tapouoia Ca?*.
-EDTA.




Texvikég Slaxwpiopou Kuttapwy (1)

...l HE UNXavikd péoa
otav n xpnon Bpuwivng dev eivar emBuuNTA AdyW:
a. MeAéTeg oTnV KUTTOPIKN PERPBPAEVN,
AOYW aTTWAEIAG JEURBPAVIKWVY TTPWTEIVWIV
(YAUKOTTPWTEIVWOV Kal avTIyOvVwV)
B. KivnTikég dpdong papudkwy, padioiXxvnOETWV, OPHOVWY, K.ATT

AgiKTEG CUNTTEPIPOPAG KUTTAPWYV OE KUTTOPOKAAAIEPYEIEG

Meté 10 dlaxwpIouo Ta KUTTOPA OUVRBWG
TTPOCOKOAAWVTAI OTAV ETTIPAVEIQ TTOU TOUG TTPOCPEPETAI

H téon pookéAAnong (anchorage dependence)
€ival XapakTnPIoTIKA TwWV KUTTAPWVY

H ouptrepipopd Kal n emBiwon Twv KUTTApwv e¢apTaTtal Kai aTro:
TN GUGON Tou UAIKOU TTPOCKOANGCNG,
Tn oUoTAon ToU BPETTTIKOU UAIKOU

GhztSr w2 oWl T
. e e At e
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AvaoToAn emragng (contact inhibition), |

Ta kUTTApa avatrtiooovTal, TToAatrAacidlovTal
Kol KOAUTTTOUV TNV ETTIQAVEIA TTOU TOUG TTPOCPEPETA

Ortav kaAu@Bei n em@daveia Ta KUTTAPA aKOUUTTOUV JeTagu Toug
Kal oTapatd n avamTuén (avaoToAr eTTagng)

AvaoToAn emTagpng

N B B y

Cells form single layer Cells removed.
in culture.
A B

Cells replace removed cells; Cancer cells in culture will
division stops when single  continue to divide and pile
layer is repaired. up haphazardly.

C D

AvaoToAn emra@ng (contact inhibition), I

Cells know to stop growing when they touch each other
(contact inhibition). Cancer cells lose contact inhibition
and growth control.

Normal cells Cancer cells

arrest when dense grow in piles on top of each other
Photogroph by Leigh Ann Kridle

Leboratery of

Department of

University of P




2UYKPATNON KUTTAPWYV O€ KaAAIEpYEIQ

Ta KUTTOpa o€ JOVOOTIREG KOANEPYEIES
CUYKPATWVTAI JETAEU TOUG Kal JE TO UTTOOTPWHG (substratum)
ME MUKOTTPWTEIVEG Kal JE KOAQYOVO (UEPIKEG POPEG).

Zuxva aTraiteital kai n apouaia d1o8svwv 10vTwy (Ca2*, Mg?)

duaoioloyikd KUTTapa o€ HovOOTIRN KaAAIEpyEIQ

KuTttapiki €mIKOAANCNH

CAMs
Cell layer —>
Basement
membrane -~ Cadherins

Connective
tissue / stroma

Integrins Proteoglycans
Receptors with intracellular  Low affinity, transmembrane N
signaling domain and receptors, without signaling

variable extracellular domain: domains: bind matrix
bind fibronectin, vitronectin,  proteoglycans, collagen, and
laminin, collagen growth factors

Fig. 3.1. Cell Adhesion. Diagrammatic representation of a layer of epithelial cells above connective
tissue containing fibrocytes and separated from it by a basal lamina. CAMs and cadherins are depicted
between like cells, integrins and proteoglycans between the epithelial layer and the matrix of the

basal lamina.
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MoapaTtnpRoElig OTO HIKPOOKOTTIO |

» FIGURE 6-5 Cultured mammalian cells viewed at
three magnifications. (a) A single mouse cell attached to a
plastic petri dish, viewed through a scanning electron micro-
scope. To separate attached cells so they can be plated indi-
vidually, a cell culture is treated with a protease such as
trypsin. (b) A photomicrograph of a single colony of human
Hela cells about 1 mm in diameter, produced from a single
cell after growth for 2 weeks. (c) After staining cells in a
6-cm-diameter petri dish, individual colonies can easily be
seen and counted. [See P. |. Marcus, S. J. Cieciura, and
T.T. Puck, 1956, J. Exp. Med. 104:615. Part (a) courtesy of
N. K. Weller; parts (b) and (c) courtesy of T. T. Puck.]

Maparnpnoeig oto piIkpookoTio |l

15 um

Figure 1.2 HeLa cells, such as the ones pictured here, were
the first human cells to be kept in culture for long periods of
time and are still in use today. Unlike normal cells, which have a
finite lifetime in culture, these cancerous HeLa cells can be cul-
tured indefinitely as long as conditions are favorable to support
cell growth and division. (KErri PORTER/PHOTO RESEARCHERS.)

13



Mivakag 2. Xapaktnpiotikoi SeiKTeG CUUMEPLPOPAG KLTTAPWV OE KaAMEpyELa

Aeixtng ovunepipopds Opioués 1016ttag
1. Zoukétnta KLTTAPOV H avaloyia (%) {oviavdv xvttdpev
(viability) ™G KUTTAPOKAAMEPYELAS.

2. Xpévog avarapayeyrc Kuttdpoy O xpdvogpetatd d0o Siadoyikdy Sraipé-

(cell generation time) GE®V TOL KUTTGPOUL.

3. Xpovog dimhacrtacpuod Tou O ypdvog mov ammteitar ya TOV
Kuttapikob mAnbuopold Sinhaciaopd dedopévou
(population doubling time) Kuttapikov TAnbuopov.

4. Taydmta awimbgng O ap1Bpdg TV KLTTapOV IOV Tapdyetal
“(growth rate). and éva otabepd kuttapikd mAnBvopd

petd 5-7 npépeg.

5. IxavémTa ep@itevong Anérvtn: H avadroyia (%) xvttdpov

(planting efficiency) nov oynpatifovv amowieg 1 vnoidia.
ZuvodeleTan anapaitnTa and 10 GUVOAL-
K6 apiBpd TOV KLTTEPOV TOV EPPUTED-
ovtal kot TG ouvBrikes kaAMépyelag
(vMhkd, Beppoxpacia, atpbéoaipa
CO,).
Zyetkn: H avaroyia (%) kbttdpov mov
oynpatilouv amoikieg 1§ vnoidia o€
oyéon mpog éva pdptupa (control) Tov
onoiov N andAvtn KavoTNTa EREOTEL-
ong Bewpeitar 100%. Zvvodedetar ana-
paitnta and To oLVOAKO apilBud TV
KUTTAPOV OV EPPUTEVOVTAL, TIG CUVET-
KEG Kai TV amdAvTn KavoéTnta epgi-
TELONG TOL HApTLPA.

Mivekog 2. XapoktnploTikoi SeiKTeg CLUTEPIPOPES KLTTAPOV GE KOAMEPYELD (GUVEKELD)

Aceixtng ovumepipopds Opiouds 1016tnTag
6. Mopgoroyia kvttdpev «) EmBniakd xottapa (epithelial cells):
(morphology) Kottapa ovviifog TOAYOVIKG OF Gpe-

on eragy, oYedSV Yopig HECOKVTTAPLO
ovoia mov epgavilovy ewkéva pwoai-
xo00. “Otav dev umdpyet GAho xpirriplo
and ™V 16on TOV KUTTEpoV Vo ouvdE-
ovtat otevd petatd Toug, eivat akpifé-
otepo va avagepopeda oe kdTTApR
emOnAtaxnic poperig (epithelial like).

B) woBhdoteg (fibroblasts): Kottapa
empiKn, akavéviota, vredBuva yia Ty
napayey Wompoteivey (xohraydvov)
T Opeva pe ta Kabiepopéva 1-
otoloyikd kprripra. Kottapa pe pop-
@oroyia woPractdv ardrd pe dyvootn
7 ap@ropnTodpevn Tapaywyr Kohays-
vou, MPoEAEVOT K.G. avagépovial cav
wophactikiig popenig (fibroblast like).

7. Kapvétunog H Aentopepng Kat GUOTNHATIKT
(karyotype) avaivon tev xpmuoy(updrmv 1Kavon
apBpot kvttépov (=500).
8. Kapkivoyévog ikavétnta H 1xav6TnTa 1OV KUTTEpoV va tapdyovy
(tumorogenicity) xapkivo in vivo (o€ melpapatdloa) Kot

GUYKEKPIPEVA PETE EVEGT) TOV KUTTAPWV
o’ evaioBnto Eeviomi. Ta in vitro
euprjpata  (oeh. 18) Bewpodvrar ev-
Sewktikd eEadhayig adhd 6yt amodel-
KTIKG  Kapkivoyovov 1xavétntag Tov

KUTTApOV.
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Epappuoyég
* AlagopoTtroinan.

AUOKOAN 0€ AVWITEPOUG EUKAPUWITEG.

* [evetikn

MaAaidTepa uTTAPXAV TTOAAG pETAAAGypaTa Yia TTOAUTTAOKO TTEIpGUOTA
TexvIKEG yia KAwvoTToinon, atroBrikeuan, ouvingn EMTPETTOUV JEAETN

YEVETIKNG BNAACTIKWY KUTTAPWV.

* AvoooAoyia.

*  MeAéTn opuovwy, TTapayoviwy avdmtuéng (Growth factors)
Xoprynon o€ PIKPOTEPEG TTOOOTNTEG ATTO OTI 0 OAOKANPO {Wwo.
Atropuyn pyetaBoAiopoU, aTToBriKeuang 1 aTToUAKPUVONG.
ATtroteAéopata yia pubpoug evowpdTwaong/peTaBoAicuou.

* loAoyia

o MEeAETN KUTTAPIKWV QAIVOUEVWY,
BIOXNMIKWY JOVOTTATIWV

Avoooloyia
Mapaywyr] HOVOKAWVIKWY AVTICWHATWY

A FIGURE 6-12 Procedure for producing a monoclonal
antibody to protein X. Immortal myeloma cells that lack
HGPRT, an enzyme of the purine-salvage pathway (see Fig-
ure 6-11), are fused with normal antibody-producing spleen
cells, which can make HGPRT. When plated on HAT me-
dium, the unfused cells do not grow: the mutant myeloma
cells because they cannot make purines via the salvage path-
way, and the spleen cells because they have a limited life
span in culture. Thus only fused cells, called hybridomas,
formed from a myeloma cell and spleen cell, survive on HAT
medium. Each hybridoma cell forms a clone producing a
single antibody. Once a hybridoma clone that produces a
desired antibody is identified, the clone can be cultured to
yield large amounts of that antibody.

Inject mouse
with protein X /

!

0098 ® 2%
00 ®e
L)
Mutant mouse Mouse spleen cells;
myetl’?n;a cells some cells (red) make
?nn:iA'T' 0 grow. antibody to X
Mix and
fuse cells
l Transfer to
HAT medium
Unfused cells
(0@ @) die
Hybridomas
(©0) grow
e [ J
Culture single cells 1 0}0 O}‘
in separate wells

Test each well for antibody
to protein X
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MeA€tn KUttaptKo'ov dawopevwyv:

' cycle begins

cell division
{mitosis)

cell prepares

to divide i\ cell grows
R
replication cell decides
of DNA whether to
continue

MeA£tn KuTTAPLKWV PALVOUEVWV:
AMONTQzH

gl slaye Vi dpuplusis

Apoptotic cell
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Br. J. Cancer (1972) 26, 239

APOPTOSIS: A BASIC BIOLOGICAL PHENOMENON WITH WIDE-
RANGING IMPLICATIONS IN TISSUE KINETICS

J. F. R. KERR*, A, H. WYLLIE anp A. R. CURRIE}
From the Department of Pathology, University of Aberdeen

Received for publication April 1972

Summary.—The term apoptosis is proposed for a hitherto little recognized mechan-
ism of controlled cell deletion, which appears to play a complementary but opposite
role to mitosis in the regulation of animal cell populations. Its morphological
features suggest that it is an active, inherently programmed phenomenon, and it
has been shown that it can be initiated or inhibited by a variety of environmental
stimuli, both physiological and pathological.

The structural changes take place in two discrete stages. The first comprises
nuclear and cytoplasmic condensation and breaking up of the cell into a number of
membrane-bound, ultrastructurally well-preserved fragments. In the second
stage these apoptotic bodies are shed from epithelial-lined surfaces or are taken
up by other cells, where they undergo a series of changes resembling in vitro autolysis
within phagosomes, and are rapidly degraded by lysosomal enzymes derived from
the ingesting cells. :

Apoptosis seems to.be involved in cell turnover in many healthy adult tissues
and is responsible for focal elimination of cells during normal embryonic develop-
ment. It occurs spontaneously in untreated malignant plasms, and particip
in at least some types of therapeutically induced tumour regression. It is implicated
in both physiological involution and atrophy of various tissues and organs. It can
also be triggered by noxious agents, both in the embryo and adult animal.

H npwtn nepypadn

242 J. F. R. KERR, A. H. WYLLIE AND A. R. CURRIE

PARENCHYMAL CELLS

lysosomal
digestion

residual  body

“HISTIOCYTE'

Fic_5__Diagram to illustrate tho ical foatures of apoptosi,
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H mopeia ¢ amémTTOONS

o/ — o> @ — =

duacioloyikod E¢oykwoeig

KUTTOPO (Cell blebbing)

Aldotracn  ATTOTTTWTIKA CWHATIO
(Fragmentation) (Apoptotic bodies)

H yévvnon pag Aé€ng
APOPTOSIS: A BASIC BIOLOGICAL PHENOMENON WITH WIDE-

RANGING IMPLICATIONS IN TISSUE KINETICS
J. F. R. KERR*, A. H. WYLLIE anp A. R. CURRIEt

From the Department of Pathology, University of Aberdeen
Br. J. Cancer (1972) 26, 239

A BASIC BIOLOGICAL PHENOMENON WITH WIDE-RANGING IMPLICATIONS 241

of degeneration like those found in in
vitro autolysis (Trump, Goldblatt and
Stowell, 1965) at an early stage of its
development (Trump and Ginn, 1969).
The recent discovery of a distinctly
different mode of cellular death with
ultrastructural features that are consistent
with an active, inherently controlled
phenomenon (Klion and Schaffner, 1966;
Farbman, 1968; Kerr, 1969, 1971) is
therefore of interest, and we have now
shown that it plays an important role in
the regulation of cell numbers in a variety
of tissues under both physiological and
pathological conditions. It can always

and we suspect that further work will
confirm it as a general mechanism of
controlled cell deletion, which is comple-
mentary_to_mitosis_in_the regulation of
animal cell popui?tions. Because of 1ts|
important kinetic significance we suggest
that it be called “ Apoptosis . *

In this paper we review the morpho-
logical changes that take place during
the evolution of apoptosis, we consider;
some of its biological and pathological
implications with particular reference to
tumour growth and, on the basis of these,
propose our concept of apoptosis as a

vital biological phenomenon.

* We are most grateful to Professor James Cormack of the Department of Greek, University of
Aberdeen, for suggesting this term. The word ‘* apoptosis »’ (&nénTwors) is used in Greek to describe the
 dropping off *> or “ falling off > of petals from flowers, or leaves from trees. To show the derivation
clearly, we propose that the stress should be on the penultimate syllable, the second half of the word
being pronounced like ‘‘ ptosis’’ (with the ‘“ p’’ silent), which comes from the same root ‘ to fall ”,
and is already used to describe drooping of the upper eyelid.

18



EpBpuikd apxéyova KUTTOpA

Eivat éva Tpdopato “kantd” medio g froAoyikng épevvag

Adwpopomointo KOTTOPA

Mmnopobv va enthéEovy peta&d cuveX0HE TOAAATAUCIOGHOD
Kot dtopoporoinemg

H toym tovg kabopiletor amd oot Kot 10 TEPPAALOV TOVG.

Bpiokovtat poévo katd tig mpmTeg PAcELS TG ERPPLIKTG
avantuéng kot eivart OAOAYNAMA.

Mmnopobv va ddG0VY 0TOl0dNTTOTE EVAALKO KOTTAPO.

Mnopodv va kariepynBovv (adra@oponointa) e’ adpioTo.

Mmnopobv va ddcovv, Bempnrikd, ameploptoto apliud eldIKov,
KAVIKG CNUOVTIK®V EVIMKOV KUTTAP®V (00T, PWOES, map,  oipa).

MNari peAeTovpe Ta EA KUTTOPO

Mepkoi Adyot...

Katavonen unyovicpdy mov 0dnyoldv ta KHTTap, 6TV Topaymyn
OLYKEKPIUEVDV TOTT®V 1oTdV. ITi0avn Bepameio ToA DY acbeveldv

Parkinson, Alzheimer, cokyapdong dafnme,
KOPIIKA VOOT)LLOTO, EYKEPOAKA ETELGOIL,
BAGPeg Tov vorTaiov puedov, eykavIOTOL.

MeAétn g dvoong amdppiyng (immune rejection) Kot 1o ovt Oo
amopevyDet.
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Mapaywyni/trpoéAeucn avlpwmivwy EA KUTTApwV

E—
EuBpuo otn
@don Tng diaipeong LY
¥

Qo ond yovipomompéva mdpio BAGGTOKUGTN g(
vedtepa oo pia efdopdda. oz kaAAiépyeia AN

AvOpamva EA xdtTapa

*] and 14 Practokdoted, EcwTepIKn
- Kuttapikn Mada
TPOIOVTA EEMOMUOTIKNG or Ku‘)’\)‘l’é‘pvmz
yovipomoinong
(in vitro fertilization, IVF)

AxkTivofoAnpuévol
MEF Tpo@odorteg

Alaxwpiopog
EA kuttdpwv @ ¥
Kal HETAQOPA OF @ ®
véo TpuBAio ¥ Néoil Tpo@podoTEG

KaBopiopéveg ¥
oeipég EA kuttdpwv

Kuttapikég oeipég EA KutTtdpwyv

Q@ [kavOTNTO TOPUTETOUEVIC KOl AdLOPOPOTOINTIG OVATTUENG OE
KoAMEPYELQL.

@ Awmpnon avértvuéng e motkida E181IKOV KLTTAPIKOV TOT@V,
O MG VEVPIKA, LVTKA, KOTTAPO.,
KaBADG Kot KOTTOPO EVIEPOL, YOVOPDV.

@ Noéupprog 1998. O James Thomson kabiépwoe Tig
5 mporteg oelpés EA kutthpmv.
"Hrtav n tpdtn gopd emttuyovg amopudvmong
Kot kaAAépyetag EA kuttdpav.
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1816TNTEG TWV avOpwTTIVWY EA KUTTApWYV

Qo ZXETIKA EMITTESEG CUPTTAYNG ATTOIKIEG
SlaxwpidovTal eUKOAa o€ aveapTnTa KUTTAPA
Je Bpuwivn 1 e UNIKG xwpig Ca?* kar Mg?+.

Qo MeyaAwvouv TTIo apyd a1ré auTd TWV TTOVTIKWYV
Xpo6vog dITAaciagpou:
avBpwtiva EA ~ 36 wpeg , / EA TTovTiKOU: ~12WpEg

Qo Atraitio€ig yia KaAAiEpyela in vitro

MovTikou: LIF (leukemia inhibitory factor)

AvBpuwrriva: oTIBGdEG TpoPodoaiag & UAIKO PE i Xwpig opd, bFGF
Qo I31aiTepa oTaBEPOG KAPUOTUTTOG

@UOI0AOYIKOG XX Kal XY KapuOTUTTOG.

] YynAd emrireda ékppaong TeEAopepdong
Aiatnpolv To PAKOG Tou TEAOUEPOUG
Kdm Tou ouvdéetal pe Tnv “aBavaaia”

EdappoyEG KUTTAPOKAAALEPYELWV:
PUOLON TG Stadopomnoinong twv AK
Avo kUplol TpoéTTOL:
1. MEPIBAAAON

o1Tou avaTtrTiooovTal.

2. KYTTAPOKININEZ kai
AYZHTIKOI MAPAIONTEZ




EdappoyEG KUTTAPOKAAALEPYELWV:
MNapaywyr) VEUPLKWY KUTTAPWV

After transplantation into the brains
of young mice, the neural precursor
cells give rise to functioning neurons
(red in A) and astrocytes (red in B),
a star-shaped cell of the brain and
spinal cord.
Photo by: courtesy Su-Chun Zhang
Date: 11/01

Derived from human embryonic stem
cells,
precursor neural cells grow in a lab dish
and generate mature neurons (red)
and glial cells (green)
Photo by: courtesy Su-Chun Zhang
Date: 11/01

Edappoyég kuttapokaAAiepyeiwv: napepfoAn RNA

NapepupBoAnl RNA
(RNA interference, RNAI):

E€e1O1keupEVN avaoToAR YOVIOLOKNC EKPpaonG HECW
€VOC ULKpoU SikAwvou RNA, yvwotoU wc siRNA.
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Anocwwnnon pue shRNAs

O ShRNA plasmid DNA

ShRNA plasmid
enters the cell via
lipid-based transfection

xxx SiRNA against target mRNA

(sense/anstisense strand)

siRNA/RISC associated
with target mRNA-
RISC Deadenylase recruitment

@\/\XXX\/\AAAA,’
l Deadenylase

@ I \/\[q target MRNA

A Acleavage/degrudation

Figure 3. Silencing of gene expression with
short hairpin RNAs (shRNAS)

MiRNAs Kot O€paMEVTIKEG TTPOOTITIKEG
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http://www.tumblr.com/tagged/i...love-mirna
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MiRNAs Kot O€pAMEVTIKEG TTPOOTITIKEG
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Wu et al. Mol. Pharmaceutics 2011; 8(4): 1381-1389

MiRNAs Kot O€paMEVTIKEG TTPOOTITIKEG
mirDIP: microRNA Data Integration Portal

http://www.genengnews.com/gen-articles/mirna-closes-in-on-therapeutic-potential/4008/
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