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Eioaywyn oc pepIikEC amod TIC TTAEOV KOIVEC XPWOEIC
TWV VOUKAEIVIKWY 0 EwV

TTpaypaTtomoinon d1ayvVWOTIKWY Kdl EPEUVNTIKWY
TTPWTOKOAAWY Yid avaAuon KUTTAPIKOU KUKAOU pE
KUTTAPOUETPIA PONC

Ta mAéov Koivd mpoPpAnuara mou oxeTiovral e
Thv avdAuon Tou KUTTAPIKOU KUKAOU

2.WOoTd TTPWTOKOAAO KUTTAPIKOU KUKAOU



Mmiopei va viver govigomoinon pe ailBavoAn kar ue auto Tov
TPOTIO, EMITPETEI OTA KUTTAPA TTIOU £XOUV OUAAeXOei ae
Kaeoplousva Xpovikd diaoThuaTta, va avaAuBolv oe
HETAYEVEDOTEPO XPOVO, TAUTOXPOVWCG

TToAAG emipavelakd avTiyova eivalr avlekTIKA oThv
HovigoTroinon pe aiBavéAn, £t Wwote n avaiuon Tou DNA
UTTopEi va ouvouaoTei e TIG OUVABDEIG TEXVIKEG
avoooOopiopoU yid XapdKTNPIOTIKA KUTTAPIKWY
uTToTTANBUOUWY

EvaAAakTikd, To TTepiexopevo kuTTapiké RNA xapaktnpilel
KUTTAPIKOUC cpalvownouc; y1{e]V] oxeTIZovml HE TN
d1dpopoTIoingn, TN NPEHIA KAl TO KUTTAPIKO TToAAaTtAaciaopo.

MeAETN TOU KUTTAPIKOU KUKAOU aTté TOUEC TTApd@ivnG 10TWY
ETITPETTOVTAG £TOI AVAOPOUIKEG HEAETEC.



 Mépoc I
Xpwoeic NouKkAgivikwy o Ewv
 Mépoc II
O1 Tep1000TEPEC KOIVEC EPAPHOYEC TNC
avdAuong TwWV VOUKAETKWY o Ewv
 Mépoc ITI
H avdAuon Tou KutTadpikoU KUKAou pe PT



o  XapakTnpIOoTIKA TWV XPWOTIKWYV
1) PaopaTooKoMIKEC 1810TNTEC
-Aigyepon Tnc xpwoTikAC. ExeTe mpdoPpaon oTnv amaiToUhevn
AéiCep; UV, 488; 633;
2) XnUIKEC 1810TNTEC
3) XapakTtnpioTika déopeuonc.

« Xpwoeig pe e€ei1dikeuan (euywyv Pdocwy dev umopei va
XpNoigoToinBouv via Th cUYKpIon TWV HEYEOWY Tou yovIOIWHATOC
TWV OIAPOPETIKWY EIOWV.

« Emiong, vwpic atn ouvOeon Tou DNA cival meploxé¢ AoUoiEC o€ -
AT- ol oTroie¢ avTiypdgovTal TTpwTa amo Ti¢ TAovoiec CG-TreploXéc,
Katd Thv S gdon.

()¢ ek ToUTOU B1apopeTikéC Xpwoeic DNA Ba dwoouv diapopeTikd
TIPOWIA TOU KUTTAPIKOU KUKAOU



ATaiTROEIC yiad {ia Xpwon WoTe va eival
XPNOIHN Yid TOV TOOOTIKO TPOCOIOPITHO TOU
DNA kai Tou RNA ava kUrtapo

« H xpwon mpémel va civai €18IKA yid Ta VOUKAETKA o éa
Kdl yid TiTtoTe dAAo.

« QI xpwoei¢ tpémel va eppaviCouv £va Aoyiko paduo
e1d0IkoTnTag (ekAekTikOTNTAC) Yia To DNA n 1o RNA.

* MeTd Th XpWwonh, n EKTTOUTIA TG XPWOTIKAC ouaiac Ba
TIPETIEI VA €ivdl O€ OTOIXEIOHETPIA HE TO TTEPIEXOHEVO
DNA \ RNA Tou kuTTdpou.

Idavikd, pia xpwaon Tou VOUKAETKOU o €0C TTpETrel va
eppavilel évrovn avEnon Tou wBOopiopoU KaTd Th ouvdeon
HE TO VOUKAETKO 0V 0TOXO TNC.



O1 XpwoTikéCc Twv NoukAgivikwy o€ Ewv
eUmimtTOUV 0t OUO PACIKEC KATNYOPIEC

XpwoTIKEC mapeUPAAAOHEVEC

Xp wm'BKég ouvdeong oe (Intercalating)
(ebyn Baoswv

DAPI (4,6-diamidino-2- 7 AAD
phenylindole) PI

Hoechst 33342 Ethidium bromide
Hoechst 33258 Acridine Orange

Xpwyopukivn Pyronin Y
MiBpapukivn

Kai moAAéc aAAecl



Aéopeuon otn ;.qun (eAdooova) aUAaka Tou DNA

t-—'

A-form RNA B-form DNA Z-form DNA

AUTEC 01 XpWOTIKEC ouvdEovTal ATTOKAEIOTIKA He Thv eAdooova auAaka Tne
AITTARC €Aikac Tou DNA. AuTéc o1 XpwoTIKEC Bivouv EKAEKTIKOTNTA Yid TO
DNA povo.
XpwoTikéc Hoechst

33342- Permeant - Aiamtepva Ta {wvTtavd kKUTTApda, SeoUEVUETAI OTV
eAdooova avAaka oe THAHATA TouAdxioTov Tpiwyv (euywy pdoswv AT
mAaigiwpéva amné éva (elyoc pdoswyv GC.
33258- Impermeant- dev diamepvd, deopeveTdl 0TV eAdooova aUAaka oe
TUAHATA TouAdxioTov Tpiwyv (euywy pdoswv AT mAaioiwpéva amo éva
(elUyoc¢ pdocwyv GC.

DAPI UV excited: Hoechst 33342, Hoechst 33258, DAPI



http://www.icms.qmul.ac.uk/flowcytometry/uses/cellcycleanalysis/diagrams/Ho33342.jpg
http://www.icms.qmul.ac.uk/flowcytometry/uses/cellcycleanalysis/diagrams/dapicellcycle.gif

XpwoTikéc wou wapeppPparrovrar (Intercalating)

* AUTEC Ol XPWOTIKEC TOU
napeppairrovral peTall Twy
pacewv _Ttou DNA Kkai Tou RNA
oxnHartiouv xXnAika oUpgmAoKka

- PI (Propidium iodide), dev
TTapovaiacel 8KA€KTIKOTHTG aTa

Ceuyn Twyv pdocwv, diamepvd TV WAN/A\Y
KUTTApIKA pepppavn " -
-EtBr (Ethidium bromide), L =
Kapia EKAEKTIKOTNTA {EUYWV ¥ > & Ww
pdong, diamepvd TV KUTTAPIKA by
HeuPppdvn
- 7-AAD (7-Aminoactinomycin D), 58 el e, A et
UIKPA EKAEKTIKOTNTA o€ GC, .
d1aTrEPVA ThV KUTTAPIKA 17
Heubpdvn T N—
- XpwoTikég Aipepisv Tne LT
KUAVIVIKAC (Dlmerlc cyanme) R
gecos el T L




Propidium iodide DNA

INTERCALATION

Y

488 nm | 610 nm 488 nm | 610 nm

v v

Highly Fluorescent



XpwoTikéc wou mapepparrovral (Intercalating)

o TTapeuPaAAOpeEVEC XPWOTIKEC O \
moU eKPPAlouv dIaPOoPETIKA N
paopara eKmopUmng avaioya He
To av deopevovTtal pe To DNA acridine

ﬁ T0 RNA A
- O1 akpidivec n déapeuon oe H.C N,CH3
Lh,

ds voukAgivikoU o§éwg odnyei !

oc eKTTOUTH 0Ta 530nm, evw ot 5

SS VOUKAETKO 0V TTpoKaAEi Acridine Orange
ekTTopdTA otad 640nm

-Pyronin Y Agv mapouoidlei

eKAEKTIKOTNTA (£101KOTNTA) OF N

(elyoc Ppdaoewyv HaCoy ‘ ] ““rtrCHfﬁ

| |
CH3 C| - CH3



H moAumAokOTNTA TWV OEOHEUTIKWY TPOTTWV OTIC XPWOTIKEC
ATAITEl MPOOEKTIKO EAEYXO TWV OUVONKWY Xpwong

 [1a Tov tpocdiopiopd Tou PEATIOTOU XpOvou Xpwong Aappdvouve
UTT'OYIV ThV TTO0OTNTA TWV KUTTAPWYV KAl Th OUYKEVTPWAON TNG
XPWOTIKAC. 2T ouvéxeld, avaAUoupe e KUTTapopeTpia pong. OTav
N KOPUPA TOU 1I0TOYPAHHATOC OEV HETAKIVEITAI, AUTOC 0 XpOVoC gival
0 mPOTIHWHEVOC (TTPOTEIVOHEVOC) TG XpWONC AUTAC.

Xpwon Mupnvwv pe Pl

Enwaon emimAéov
10 min oToug 370(

AvETTApKNG Xpwon ZwoTn xpwon



* ["1a omroladnmoTe dcdopévn epappoyn,
UTTApXEl €vac dpiOPoC XpWOTIKWY ol
0TToieC HTTOpPOUV va XpholpoToinOouv.

» ECoIkelwOeiTe PE TIC XNUIKEC 1B10TNTEC,
Td pAopdTa amoppoPnonc Kai EKTTOUTIAC,
Kdl ThV 0€OUEUTIKA 1010TNTA TNC
XPWOTIKAC TTPIV TN XPNOILUOTIOIEIOTE.



TToia egivai n owotn pPEB0doC avixveuonc
VOUKAEIVIKWY ofEwv yia eoéva?

* Meplexopevo DNA

* YrmomAnOuouog Kuttapwv

* ATIOTITWON

e Kwvntikn TN Stadpopornoinong

* H avaAuon Tou KUTTapLKOU KUKAOU



KaBopiopudc Tou mepiexopévou Tou DNA

H xpwoTikA deopeteTal ato DNA pe katdAAnAo mtpdTuTo
avagpopdc
-PI, DAPI, EtBr pe méoTpopa h kotoTmouho RBC's

MeTphote To Peak

600 —
- CRBC
600 — 2C 400 —
" . 200 —
=
§ 400 - O
200 O
P -
200 —
~ CRBC
(o) T - T T ¥
O 50 100 150 200 250
_ 2C Sample MFI= 30
CRBC MFI=225 P 225/30=10pgms/Xpgms

4C Sample MFI=60

CRBC=10pgms
8C Sample MFI=120 X=1.34pgms



TTpoodiopiopoc Tng mAocidiac Twv KUTTApWYV

PI, DAPI, EtBr pe kataAAnAo tpoTUTIO AvaPopdc

A Aneuploid tumor cell nuclei
2 —
CRBS’s h
C / Trout erythrocytes
Diploid normal nuclei
1 —
¢
O - T

T T
O 50 100 150 200

250



‘EAcyxoc mAocidiac

YTIEPTTAOEIAIA

| 1 | | ] !

YTIOTTIAOEIAIA

‘EAeyxoc d1AoEIdIKOC
HOvVO

‘EAcyxoc dimAocIdIKOC TTOU

avapiyvUetal ge 1o dciypa
1I0TOU

To dciypa 10700
HOvVO



AvdAuon DNA wc¢ d€ikTNC ThC amOTTTWONCG

30
1

29C

| Apoptotic cells ‘/////

2] 150
L. 1

60
1

# of cells

o 200 q00 60O

Pl (DNA Content)

EkToc amo tnv avdAuon Tou DNA, Ba pmopoloe kavei¢ va diakpivel
ETIONC ATTOTITWTIKA KUTTAPA



M (Witosis) KutTapiko¢ KUKAOC

Nuclear membrane

disappeas; homoloques . :
of egcr:)h chr'omosor?we G1(Gapl) specific regions
pair pulled to opposite GO0(noncycling, Quiesnent cells) of the genome become

polls of cell; at end of accessible to RNA
mitosis the cell polymerases. RNA and

membrane pinches of f protein synthesis resume

to form 2 daughter af a rapid rate.
cells and completes
cytokinesis

62 (Gap 2)

Chromosome

2C
condensation : AC
occurs Necrosis due t cell
ﬁ\s injury can occur at any
S

cell cycle stage
-phase(DNA synthesis)

Apoptosis High rate of synthesis of AT-
rich DNA early in S-phases,
high rate of synthesis of GC
rich DNA late in S-phase



T1 yac Aégl 0 KUTTAPIKOC KUKAOC

* H pyéTpnon Tou KUTTAPIKOU TTEPIEXOHEVOU
oc DNA pumopei va pag dwaoel pia ekTighon
TNC KABe pdong Tou KUTTAPIKOU KUKAoU

« Emiong, sivai pia pétpnon Twv
XAPAKTNPIOTIKWY avdamTuéng, Hidg
KUTTAPIKAC KaAAIEpyelaC R EVOC 10TOU UTTO
KAVOVIKEC OUVONKEC N OUVOARKEC OTPEC



H S pdon €xer 101aiTepn onuyacia yiati Oswpeitai oTi
avravakAd Tnv toAAamAacidoTikiR 0pacTnpIOTNTA TNG
veoTtAdaid

O dcikTnc moAAamAaciaopoU utroAoyileTal amod To
TTO000TO TWV KUTTdpwyV Tov PpiokovTal oThv S pdon
Kdl Thv pitwon G2/M £Tti Tou ouvoAoU ToU KUTTApPIKoU
TTAnBuaopoU

To kAdopa Tng S pdonc (S-Phase Fraction -SPF)
gival To T0000TO TWV KUTTApwV TTou Ppiokoupe HOVO
oThv S pdon

H mtAoc1dia N n TepIeKTIKOTNTA TWV KUTTApwv o DNA
oTnpileTai oTiC O1APOpPEC TTOU UTTAPXOUV OTO TTOGO TOU
DNA peTall puoioAoyikWwy Kal VEOTTAAOHATIKWY
KUTTApWV



To mupnvikdo DNA mou mtpoadiopileTal He KUTTAPOUETPIA POAC
ekppdleTar ouviBwe w¢ 6cikThe DNA (DNA-Index, ID),0
omroio¢ ekppdlel To Adyo The TtoodoTnTac Tou DNA Tou
veoTrAdopaTtikoU TAnBuapol oth wdon 6G0/G1 poc Thv
moadTnTa Tou DNA Tou guaioAoyikou TAnBuopoU oTny idia
paaon

2 uaxetian tou delktn ID Kat tne aveumAoediag

Aciktng DNA (ID) TTAHOYZMOZ APIOMOZ
XPOQMOZOQMATOIN

1.00 Aimthog1d1k6¢ (2n) 46

0.50 AmAoe1d1ko¢ (1n) 23

2.00 TeTpamAoel1dIKOC 92

(4n)

<1.00 YTmomAoeid1kog <46

>1.00 Y1mepTmAo€1dIkog >46
0x10.5,1.0,/n2.0 | AveurrAoeidikog ATIOKAION amtd To akpiPég

moAAaTrAdaio Tou amAoeidikou

O1 diatapax€c The mAoc1diac avixvelovTdl HE TNV KUTTAPOHETpIa Hovo oTav 1o moocd Tou DNA
uttepPei €va 6plo Kai auTo yia ToAAoUC eival o ap1Buog +/- Tpia TouAdxioTov XpwHoowpara (amod
46 ot 43 K 49 xpwyuoowpaTa)



AiaxwpilovTac didpopa oTddia Tou
KUTTApIKOU KUKAoOU
QAiapopeTikh Xpwaon Tou DNA kai RNA

(oe ds ekTéumel 0TO TPACIVO, O€ SS EKTTEUTIEI GTO KOKKIVO.

-TTponyeiTar aUvTopn povipoToinon TwWv KUTTApwV pe poppaAdelidn

-akoAouBcei pepIKA in vitro petouciwan Tou DNA pe alvropn £ékBean oc oV kai emwaon
pe AO oe xapnAd pH.

-H euaioBnoia Tou DNA oTtnv in situ peTougiwon cival geyaAUTepn 0Th CUPTTUKVWHEVN
XPWHATIVN TWV KUTTAPWV 0TNh HiTwon ge oxéon He auTh aTh peadgaon (KAt avaAoyo
ouppaivel Kal oTa aMoMTWTIKA KUTTApA), OV UTTOPEi va dIAKPIVEI TA ATTOTTTWTIKA ATTO TA
HITWTIKA KUTTapa. TToAU XpAoIUNn o€ TTEPITITWOEIC TTOU N Ttdpouaia amoikodopnpévou DNA
oTd VoukAgoowpaTta dev €ivar gavepn.

Aidpopa TpwTOKOAAA KUTTAPOUETPIAC
dBrdU EVqudTan (n bromodeoxyuridini eivar avdAoyo Tng Bupivng, h
omoia evowpaTwveTal oto DNA Twv KUTTdpwy TTOU PpiokovTal oThv S pdon)

davdAuon kKukAivng



RNA Content

1

Aiaxwpiler Tnv GO amé tnv G1

Acridine Orange

1000
w A B C
800 - 800 -
’ § -
sm..
400 - !
M"\"
s s e v e e e S T S —T T T T

DNA Content



MiTwTIKa KUTTApa-iotovn H3-P

H3-P

AVTI0poUV e KUTTApA ATtO TRV TTpoYacon oThv TeAdwaon,
Kdl doBevéaTepa aTn Hecopaaon



AvaAuon KUKAIVWwv

* Baoiopévn oTo KUTTAPIKO KUKAO

*AvdAoya pe TV €EKPPACN TWV TTPWTEIVWY TWV KUKAIVWY

O1 KUKAiveg eival pia Td&n mpoiovTwy yovidiwv TTou eAEYXOUV Th HETAPAON TWV KUTTAPWV
amod Hia eaon Tou KUTTAPIKOU KUKAoU o€ dAANn. 2 & puaioAoyikd KUTTApA auTd Td onpeia
eAéyxou cival TTpoPAéyipn. Ze diaTapacoopeva i KApKIVIKA KUTTApa £€xouv aAAdl el ol oxX£EOEIC
auTég, ouxvd odnyouv ae avel EAcyKTn avamTuén

Cyclin Cell cycle phase cdk Protein Localization
A S and G2/M cdc2/cdkl cdk2 Nucleus
B1 G2/M cdc2/cdkl cytoplasm
B2 G2/M cdc2/cdkl cytoplasm
B3 G2/M cdc2/cdkl cdk2 Nucleus
D1 Gl dk4/cdké/cdk2 Nucleus
D2 Gl ND Nucleus
D3 Gl cdk4/cdké Nucleus

E G1/S ND Nucleus

H All phases CDK7 ND



H ékppaon Twv d1aopwV KUKAIVWY OTOV
KUTTAPIKO KUKAO

D(1,2,3)

Kapkivikd kUTTapa sppaviCouv pn uoioAoyiki R akatdAAnAn
x (inappropriate) avdppooTh ékgpacn AUTWV TWV KUKAIVWY o€ auTd Td
onpeia oTov KUTTAPIKO KUKAO



EvowpdTtwon-BrdU

109

FITC
1III¥
1

Anti-Bird

1 G1 G2/M

o 2o 400 OO 800 1000
Fropidium lodide

Aoyw Tn¢ avaykng yia dikAwvo DNA via Th xpwon, kai Tnv avdykn vida
neTouoiwpévo DNA woTe va vivel n déopeuon Kai n avixveuon Tou
BrdU, TIPETTEI NA AKOAOYOOYNTATI c1di1ké¢ kKaTeUBUVTAPIEC

YPAUHEC TTPOETOINACIAC TOU OEiYUATOC TTEPITOOTEPO EUTTEIPIKA Yia KABEe
TUTTO KUTTApOU.



2 UUTTEPAOUATIKA.................

— Oa mpémel va yvwpileTe OTI HE TN
KUTTAPOUETPIA PONC UTTAPXOUV TTOAAEC
duvaToTnTeC Tou oxeTiovTal e TNV avdAuon
TWV VOUKAEIVIKWY 0 EWV.

— BepaiwOeite 611 n péBodoc¢ Tou emiAéCaTe
gival n kaAUTepn yid To Treipapd odac.



* Mépoc III
H avdAuon Tou KuTTdpikoU KUKAou pe PI



TToloTikOC €AcyxoC via Thv avdAuon
VOUKAETKWY o€ EwV

‘EAeyxol

-TTepiopioTe Ta cv's

-2 ¢ TepimTwon mov oxnuartiCouv elyn kai Tpidupd
(ekTOC)

-TTpémel va eival yeyaho 600 1o duvaTov

-TTpémel va epiExouv aAnOn KUTTAPA TOU KUKAOU

Aiadikacia xpwonc mpémel va ekTeAeiTal auoTnpd

YroAcipgpgara XpwoTIKNGC 0 CWANVEC HTopEi va
Tapdnoinoouv Ta dedoHEva

AvaAuon Acdopévwy



Emidpaon Tou CV 0T0 KUTTAPIKO KUKAO

CV=5

To peyaAUTepo
ETITPETTO dvw 6pl0
CV's yia Thv KaAn
avdAuaon Tou
KUTTApIKOU KUKAOU

CV=2
To emBuunTo

CV=8

Mévo via €101kég CV=15
TEPITITWOEIG Mnv
KUTTApWV TpoomaBnoeTe dAAo




H mpoeToipacia Twv deIyHATWY

* YIIAPXOUV MPOYPOAUUOTO LOVIEAOTIOLNGNG TTOU
adoalpouV Ta cUVIPLUULA, AapBavovTol OpwWE
KAAUTEPA ATOTEAECHOTO OTAV adatlpouvTal
TOL VEKPA KUTTOpa e duyokevtpnon oe Ficoll /
Histopaq

* OAa ta avtdpaotnpla va sival free DNase
onA. va ta exoupue PpaoeL yia 15 Aemta
TOUAQXLOTOV.



H avdAuon Tou KUTTApIKkoU KUKAou pe PI

TTopwTtokoAAO

TTpoeToipyacia Twy deiypdTwy
Aidkpion Twv Doublet
AvaAuon Twv 0ed0HEVWY



H avdAuon kKutTdpikoU KUKAou pe PT

TTAévovTal Ta kKUTTapa 2X oe PBS via va amaAAayoUpe amé TI¢ TPWTEIVEC
Tou opou.

Emavewpeitar 1o ilnpa os PBS (éwg 3 © 6 kUTTApa ot 1,2 mls)
BepaiwBeite 611 To PBS eival eAeUBepo amé Ca kar Mg . H mapoucia Twv
Ca kai Mg oto PBS mpokaAei ouykoAAnon Twv KUTTApwv.

TTpooBéate 3,0 ml 95% aiBavoAng oTdydnv umd oTpoPiAioud (vortexing).

H povigomoinon og autd 1o TeAikd didAupa aiBavoAng 70% yia TouAdxioTov
30 Aemttd. Ta kKUTTApPA pTTOpOUV VA TTAPAEIVOUV O€ auTO To dIdAupa vid
HEXP! Hia epdopdda.

TTAUoNn Twyv KUTTdpwy 2X oe PBS ot auvoAiko oyko 15ml. Buyokévrpnon
oti¢ 2000-2200rpm via 10 min. To iCnpa Twv KUTTAPWV EKTAC TNG
a1©avoAng eivail o dUoKoAo va eTtavewpnOci Kal amaiTeiTal yeyaAUTeph
eploTpoph. Edv dev yivel auto, autod To PAA ptropei va euBUveTal yia pia
OpAHATIKA ATTWAEIA TWV KUTTAPWV.

EmavaiwpoUpe 1o ilnpa oc 4,5 ml PBS. TTpoaBéote 0,5 ml RNase amé
di1dAupa amoBéparog. Emwdloupe via 30 Aemrtd atoug 37C.

TTAUveTe 2X o PBS
Katapétpnon Twyv KUTTApWV

EmavaiwpnoeTe oe 0,5 ¢we 2,0 ml diaAbpaTtog xpwaong PI (TeAikh
ouykévtpwon 1X106 kutTtapa / ml) & emwdoTe yia 30 Aemttd otoug 4C A oe
TTayo.

AvaAloTe



TTepiAnyn via Tnv didkpion Twv Doublet

@0 opiopdc Tng doublet (yia auth ThWTTAPOYZIAZH) opiCeTal wg dVo GO /61
KUTTApa KoAAnuéva padi, kaBwge diaoxiCouv 1o AéIlep

@0 KuTTapopeTPNTAC eTtelepydleTal Tov TAAUO w¢ £va auppav, yiaTi o TAAUOC o
oTroio¢ TTapdyeTal TOTE dev TEPTEI KATW aTo €va opiapévo opio (a set threshold
level).

@'ETo1 dVo G0/G1 kUTTapa Ba £xouv éva Ttapopolo UYog TTaApoU oav evag othv G2
/M ¢don.

@®AUTO 0dnyei o€ HiId e0@AAPEVN UTTEPEKTIHNON TWV KUTTApwV TTou eival oth G2/M.

@ Av Kal éva G2+M KUTTapo £xel dimtAdaio dyko evoc 60/G1 gdong kKUTTApPO, N
d1dpeTpo¢ Tou au€dvel povo katd ~ 26 %.

@ ATO TRV dAANn TTAcupd, n ouvduacpévn didpeTpoc evoc 60/6G1 doublet civar ditAdoio
£VOC HovApoug yeyovoToc G0/G1, uttd Tnv tpoUmdOcon 0TI N udPOBUVANIKA £0Tiaon
euBuypappilel Ta KUTTAPA OTHV KATEUBUVON ThC PONCG.

#2 UVETTWC, N avaAoyia TAdTouc mpo¢ emigdavela (width to area), n omoia civai pia
HETpNoNn ouvoAikoU pBopiopoU, KAl To HAKOC TOU XPOVOU TToU Trdipvel To KUTTAPO Yid
va diaagxioel Tnv akTiva Aéilep, mapouaid{ouv aufnoeic oe duaavdAioyn TIUA o€ Hid
doublet amé éva mpaypaTiké KUTTApo oTh wdon G2.

#Emopévwg, n avdAuon Tou aApgoU mAdToug (pulse width) kaBiotd duvartév va
Ppoupe Ta doublets.



* OTav éva kKUTTApo Trepvd pUmpooTd amod T1o Aéilep,
O0Ao Kal TTEPITaOTEPO PWCE POOPIoHOU EKTTEUTIETAI
EWC OTOU To KUTTApPO €ival oTo KEVTPO Tou Aéilep
(maxim)

« KaBwc To KUTTApO apnvel 1o Aé1lep, Kal AilyoTepo
pOopilov PWC eKTTEUTTETAI

« Kai pe dedopévo, OTI EKTTEUTTOVTAl WTOVIA Td

OTTOid HETATPETIOVTAI 0€ PWTONAEKTPOVIA OTO
PMT, auto dnpioupyei éva maApuo Taong






Voltage Intensity

H pétpnon Tou TtaApou

Pulse Area %%
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Time
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Pulse Width=
time of flight



MéTpnon Tou TtaApou Doublet
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Single Go pulse Single G2 pulse Doublet pulse

Width of pulse VS Width of pulse
—> <

=\
/I N, .

Width=W Width=W+(W*.26) Width~2wW

T1 deixvouv auToi ol TtaApoi?

1. To mAdToC €vdc povoU Go kai G2 eival axedov To id1o

2.To Uyoc¢ Tou G2 kai Tng doublet civar mepimou n idia

3. Av doUpe povo aTo Uyoc TaApou, To KUTTapo G2 dev pmopei va
diapopoToinOsi amoé To doublet.



2 UUTTEPAOUATIKA..............

« Ooo kaAUTepN eival n TpoETOIPACIA ToU dEiyHATog TOOO TTIO
onpavTika otoixeia Ba ppeite

* OI TIEPICOOTEPEG KOIVEC TTINYEG TWV oPAApdTWY TTOU
oxeTiCovTal He TnV avdAuon ToOU KUTTAPIKOU KUKAoU givai?

—RNase ota oilaAlpaTta , , ,
-Aev mpooTiBeTal n aiBavdoAn omy)énv kaTtd To oTpopiAioud
-MATtwg dev tpooBeToupe Rnase??_ ,

- ATTwAe1d Twv KUTTApwyv KATd TN 81dpkeld Twv PhpdTwy
TAUoEwG, €181kd 6Tav Ta yupiCoupe Tpog Ta EEw HE TO
d1dAupa TG povigoTroinong HE Thv aiBavoAn -Ta XAVoule.

« Qi diakpioeic_ Twv Doublet sivar ToAU onpavTiki yia Thv
e€dAeiyn yeudwy G2/M KuTTApWV.



Instrument setup
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Histogram Statistics

File: jem040102.004 Log Data Units: Linear Values
Sample ID: 60min stain Patient ID:
Tube: Panel:
Acquisition Date: 1-Apr-2 Gate: G1
Gated Events: 9493 Total Events: 13493

X Parameter: FL2-A (Linear)

Marker Left, ngh! Events % Gated % Total Mean CcVv

All 0, 1023 9493 100.00 70.35 409.53 28.13
M1 286, 388 6447 67.91 47.78 | 341.32 4,02
M2 393, 625 1953 20.57 1447 | 511.18 13.49
M3 625, 790 1003 10.57 7.43 | 662,05 3.40

FL-2A

Histogram Statistics

File: jem040102.003 Log Data Units: Linear Values
Sample ID: No RNasa 30min stain Patient 1D:

Tube: Panel:

Acquisition Date: 1-Apr-2 Gate: G1

Gated Events: 9533 Total Events: 12861

X Parameter: FL2-A (Linear)

Marker Left, Right Events % Gated % Total Mean Ccv

Al 0, 1023 9533 100.00 75.29 543.26

M1 383, 528 5967 6259 47.13 |463.83
M2 528, 751 1780 1867 14.06 |83424
M3 751, 916 1339 1405 10.58 |823.82

26.55
5.93
10.66
5.19



Data analysis

O1 KuTTApOopETPNTEC cival e€oTAIouévol e Ta KATAAANAG
UTTOAOYIOTIKA TTpoYPdUATa waTte va 0idovTdl OAeC ol TTAnpoopieg
w¢ avagopd Ta T0000Td TWV PACEWY TOU KUTTAPIKOU KUKAOU Kal
ToU puaioAoyikoU Kal Tou aveuttAoeidikoU TTAnBuopov. Ta
amoteAéopara didovTal €Ti TG €KATO TWV KUTTAPWY OTIC PACEIC
G0/61, S, G2/M.

 Cell quest
* Modfit
« WinList
« WinCycle

* Flowjo



M1=G0-G1
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Date acquired: 1-Apr-2

Histogram Statistics File: jem040102.004
Fl: jem40102.004 Log Data Units: Linear Values oo
Sample 1D: 60min stain Patient ID: Analysis type: Automatic analysis
e Panit DIPLOID: 100.00 %
Acquisition Date: 1-Apr-2 Gate: G1 Dip GO-G1: 63.69 % at 8456
Gated Events: 9515 Total Events: 13493 Dip G2-M: 7.52 % at 165.45
X Parameter: FL2-A (Linear) Dip S: 28.79 % G2/G1: 1.96
Dip %CV: 3.23
Marker Left, Right Events % Gated %Total Mean CV  PeakCh Total S-Phase: 28.79 %
Al 0, 1023 9515 10000 70.52 41067 2818 337 Extra Pop: %
a2, 372 6150 | 6463 4558 34065 [327] 3w D 00
372, 626 2250 | 2365| 1668 49619 1568 372 S A s onan
M3 | 626, 706 969 L1018] 7.18 660.18 287 656 RCS: 1.237



Nurmber

Date acquired: 05-5ep-01
File: ALIAGAS xRHSTOS.001
Source: SAMPLE D

Case: PATIENT ID

Analysis type: Manual analysis
Prep: Fresh/Frozen

DIPLOID: 100,00 %
DipGO-G1: 89.40 % at 30.77
DipG2-M: 000 % at 161.53
Dip5: 1060 % GZ/61: 2.00
Dip &CY: £.80

Total 5-Phaze: 10.60 %

Extra Pop: &

Debris: 0.49 %
Aggregates: 075 &
Modeled Events: 10564
RC3: 3.1

DI.'.IIIII{IIFIIIIIIE?IIIIII'IIIII'I?BI:III

120
Channels

S-Phaze &ssessment Mot Active.

vl
20 Diploid BA.D.: 0.45 %
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Channels

S5-Phase &szessment Mot Active.

Date acquired: 30-Aug-01

File: mpalatsinos gerasinos. 001
Source: SAMPLE D

Caze: PATIENT ID

Analysis type: Manual analysis
Prep: Fresh/Frozen

DIPLOID: 65.29 %
DipGO-G1:39.70 % at 70.22
DipG2-M: 1.25 % at 140.45
Dip5:9.03 % GZ/61: 2.00
Dip |CY: 2.25

ANEUPLOID 1: 31.71 &
anl GO-G1: 100,00 % at 91.57
anl GE-M: % at
Anl1 5 0.00% G261
anl J|CY: 2.32
anl Dl 1.30

Tatal S-Phaze: 6,17 %
Extra Pop: &

Debris: 4.01 %
Agaregates: 067 %
Modeled Events: 2169
RCS: 2.741

Diploid B.A.D.: 494 %
Aneuploid BA.D.- 0.00 &

Total B.4.D.: 0,00 %
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Figure 1. Peripheral blood mononuclear cells

(PBMCs): FL2-

Width versus FL2-Area dot plot showing a
singlet gate, which

excludes aggregates. PBMCs may be mixed
with tumor

samples as an internal control.
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Figure 2. FL2-A DNA histogram of PBMCs,
which has been
gated to exclude aggregates.
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Figure 3. Breast tumor tissue: FL2-Width
versus FL2-Area dot

plot showing a singlet gate, which excludes
aggregates.
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Figure 4. FL2-A DNA histogram of breast tumor
tissue,

prepared by in vitro FNA, which has been
gated to exclude

aggregates.



10. TROUBLESHOOTING

Problem Cause Solution
Problem Cause Solution Shifiing of peaks due | 1- Too many cells. 1. Check Cofnccnl-'
tration of nuclei
Sudden change or | 1. Airbubblesor 1. Flush fluidics bo-Leatipy fRioriscerce: and adjust to
slow drift of diploid clogs in fluidics and clear lines of optimum.
Gy G peak loca- system. air.
tion. 2. DNA not satu- . Stain another
2. Different tonic- 2. Check quality of rated with pro- sample with cor-
ity of sheath and sheath fluid. pidium iodide. rect concentra-
sample fluids. tion and volume
of PI stain.
3. Insufficient PI 3. Check concen-
staining. tration of nuclel 3. Residual bleach 3. Ensure that flu-
and adjust. left in sample idics arc ade-
injection probe quatcly rinsed
4. Insufficient 4. Increase incuba- (SIP). after exposure to
incubation of tion time. bleach.
nuclei in PL
) T — 1. Incorrect . Remountsample
Presence of excess I. Necrosis in orig- 1. Visually check being acquired, mounting of tube or check for
debris in fluores- inal specimen. the tissuc speci- sample tube. cracks in sample
cence /Ji;tagmm. men for necrosis. tubc.
2. Incomplete cell 2. Check suspen- 2. No nuclei in - Check for pres-
lysis. R S sample. ence of nuclcl' in
plete lysis. the §amp|c using
a microscope.
. Particles i Gl ;
3 s;:: :t;cfsh;? d. 3 anza;;{:;m 3. Sample linc . Backflush and
Focath Hisd and? clogged. ;:.lcan sample
or sheath filter if e
ncccssary. 4. Decbris in flow . Ensure that flu-
i cell. idics are rinsed
Broadened peaks; 1. F!ow rate too 1. Fll'udlcs control thioroughly o
Tniirvased CVo. high. switch should be sample fluid
placed on LO. before placing
2. Airbubblesin 2. Check fluidics e
Auidics for air ter’s fluidics con-
g . trol knob into
3. Necrotic cells 3. Check for pres- STANDBY
; p modc to prevent
includedmample. ence of necrotic 5
debris from

cells and pre-
parc another
sample.

adhering to the
inside of the
flow cell.




Pl-Area

a) single cell gating b) single cells

i

3% Doublets — ==
= = 61
& - 5@
R | S|ng|et5 ‘ 21
- f-ﬂ: Im” 1;“] 20 m' o |L|||'|' | LN I B B
PEW (e 1000 50 100 160 200 240
PI-Width DNA content «1w

Legend. Processed cells labelled with Pl (50 png/ml) were gated on single
cells via use of Width and Area signals a). Single cells were then marked
to calculate G,, S phase, G,m and any apoptotic cells in SubG, b). Cells
were also imaged d). Courtesy of Dr. William Ogunkolade, Neuroscience,
ICMS, Barts & The Royal London, London University, 4 Newark Street,
London E1 2AT.
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Singh et al. BMC Molecuiar Biology 2011, 12:28
httpy//www.biomedcentral.com/1471-2199/12/28 BMC

Molecular Biology

RESEARCH ARTICLE Open Access

CGGBP1 regulates cell cycle in cancer cells

Umashankar Singh™, Pernilla Roswall?, Lene Unhrbom’ and Bengt Westermark'
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A ts p5315val + c.Ha-ras
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Fig. 2. p53-mediated G1 cell cycle arrest is reversible. Cells were detached from substratum
by trypsinization and used for propidium iodide staining. DNA content of rat (A) and human

(B) cells expressing conditional p53 mutants was measured by flow cytometry on the Becton
Dickinson FACScan.
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Induction of Apoptosis by Bexarotene in Cutaneous T-Cell

Lymphoma Cells : Relevance to Mechanism of Therapeutic

Action

Chunlsi Zhang, Parul Hazarika, Xizo Ni, st al.
Clin Cancer Res 2002;8:1234-1240.
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pone-0001642-g001: VRK1 levels in different growth conditions of
human fibroblasts.(A). Flow cytometry profile of WS1 cell cycle in non-
synchronized (left) and serum starved cells (right). (B). Nuclear
localization of VRK1 and morphology of WS1 cells in non-synchronized
and starved WS1 cells. Endogenous VRK1 protein was detected with a
specific polyclonal antibody (VE1) in the cell nuclei. The size bar
represents 50 um. (C). Level of VRK1 endogenous protein determined
in an immunoblot. (D). Change in VRK1 gene expression by qRT-PCR
upon withdrawal or addition of serum to the cell culture. These

experiments were independently performed three times.

Human VRK1 Is an Early Response
Gene and Its Loss Causes a Block in
Cell Cycle Progression

Valbuena A, Lopez-Sanchez |, Lazo PA
- PLoS ONE (2008)

Bottom Line: The elimination of
VRK1 by siRNA results in a G1 block
in cell division, and in loss of
phosphorylated-Rb, cyclin D1, and
other proliferation
markers.Elimination of VRK1 by
siRNA induces a reduction of cell
proliferation.VRK1 colocalizes with
p63 in proliferating areas of
squamous epithelium, and identifies
a subpopulation in the basal
layer.VRK1 is an immediate early
response gene required for entry in
G1, and due to its implication in
normal cell proliferation and
division, might be a new target for
development of inhibitors of cellular
proliferation.
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Acridine orange and ethidium bromide staining: Cells were seeded in
96-well plates at 3,000 cells per well and incubated at 37°C with 5%
CO,. NPCD at a final concentration of 2 or 4 uM was added 24 hours
later in multiple repetitions (5 wells per dose); plates were incubated
for an additional 24 or 48 hours. Prior to cell staining, the medium was
discarded. The cells were washed with phosphate-buffered saline
(PBS) first and then incubated with 10 pl PBS containing 10 pg/ml of
Ethidium Bromide (EB) and 3 pg/ml of Acridine orange (AO). The cells
stained by EB and AO were immediately visualized under the Leica DM
IRB inverted fluorescence microscope (Leica Microsystems Inc.
Bannockburn, IL). Multiple photos were taken at randomly-selected
areas of the well to ensure that the data obtained are representative.
Photographs were processed using “Image ProPlus 6.0” ultimate image
analysis software (Media Cybernetics, Inc. Bethesda, MD).

Cell cycle analysis: Cells were cultured in 6-cm culture dishes until they
reached 70~80% confluence. NPCD was given at an indicated
concentration with DMSO as non-treated control; the cells were
harvested 36 or 48 hours later. At the cessation of the treatment, both
floating and adherent cells were collected, combined, washed with
cold PBS, and then fixed overnight with 70% ethanol in PBS at -20°C.
The cells were then washed with PBS again and incubated in the dark
with in a PBS solution containing 20ug/ml propidium iodide (Pl) and
200pg/ml RNase for 30 minutes at room temperature. The cells at
different stages of the cell cycle were detected with a Becton
Dickinson FACS Calibur flow cytometer (BD Biosciences, San Jose, CA).
Intact cells were gated in the FSC/SSC plot to exclude small debris. The
population of cells at different stages of the cell cycle was quantified
using ModFit LT software (Verity Software House, Inc., Topsham, ME).

NPCD induced death of MCF7, MB231 and MCF15 cells. A): Acridine orange/ethidium bromide staining shows
viable cells in green fluorescence and dead cells in red-orange fluorescence. B, C and D): Necrotic (upper-left
guadrant), early apoptotic (bottom-right quadrant) and both late apoptotic and necrotic (upper-right quadrant)
fractions of MCF7 (B), MB231 (C) and MCF15 (D) cells 36 or 48 hours after treatment with 5 uM NPCD.



Fertility and Sterility Volume 95, Issue 1,
January 2011, Pages 110-115

Using semen flow cytometry to
evaluate association of ploidy status
and chromatin condensation of
spermatozoa with conventional
semen parameters: Clinical
application in intrauterine
insemination

Leandros Lazaros, Ph.D.2,

Apostolos Kaponis, M.D.3,

Georgios Vartholomatos, Ph.D.b,

Elissavet Hatzi, Ph.D.3,

Stefania Botsari, M.D.3,

Nikolaos Plachouras, M.D.2,
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0-15% high fertility potential
> 5% and < 30% 200d to fair fertility potental
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; High DNA stainability (HDS) - the pereentage of cells that stain inensively green

< 15% immature sperm = normal

> 15% immuature sperm = high
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Figure 2. Scattergrams of acridine orange—stained spermatozoa analyzed by

flow cytometry, showing (A) a semen sample containing an increased
percentage of spermatozoa in red population zones and (B) a normal

reference semen pool. To define the nuclear abnormalities and to estimate
the percentage of mature spermatozoa in every semen sample, the data were
examined using two-dimensional scattergrams plotting red versus green
fluorescence. The FL1-H axis represented the green fluorescence, the FL2-H

axis the red fluorescence.
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