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USE OF FLOW CYTROVETRI C ANALYSI S TO OPTI M ZE CELL
BANKI NG STRATEA ES FOR CHO CELLS FI ELD OF THE

wO BMENFI0N The present invention relates to thPCTI/EP2005/055784
producti on of bi opharnmaceutiedl-s in CHO cells.
Particularly, it pertains to the generation of
mast er-, wor ki ng- and post-production cell banks of
high quality via cryopreservation. Mre particularly,

| USECOFEF IDOW-C YO METRIGRANAL Y818 m@mn\szZ@ELannNKmG
cells cryopreserved in master-, worki

post producti on ceISTFb&'ﬁﬁﬁlEslﬁQlﬂ&hiQr%gLLﬁe pr esent

invention refers to a novel strategy enploying flow

cytonmetric (FC) analysis of Annexin V-stained cells
for high throughput characterization of cryoperserved
banks. GROUNDOF THE | NVENTI ON The mar ket for
FIEBJ{Q%THEC%YEEHIIQN or use in human therapy continues

Thé grﬁﬁ}’l" iRbertiofCrofatds 3B %t Ero'dﬂcﬁé}? o'f%?épl%ﬁ?a@‘éupcglpm CHO cells.

nes are one of t nost tracti've nanma
Partigplaely sit periays temrfeogemrrratimblf omasterf woykimgdand post-producnon cell

regul at. aspects. To ensure,.ther eutlc p
baniy 06, HORUALRLY. Vih SNRRTPSHAPRG  bhftisiatech pditains to the
I t f I - .
pro bg&ﬁ%ﬁgﬁr&g ch‘éfé&tinﬂti%ﬁ cgfcﬁaérl]lg a@ﬁépro : é'b Inﬁéﬂé& fv?f%g and post

proBueticn cPPEBINkef F(IFH@ermO!I&s the epressreinlnwahtltm egfers to a novel strategy

emBRY eI cteheh JPES anBle Rl G ARRS I Y Stained galis oy high-throughput

chérB@t%ﬂz@Wéf ¢r§o{9‘ér‘sbhﬁéﬂi Gelﬁaﬁ@e' r generation not only
supports clinical devel opnent of the product but also

ultimately the market supply phase. The nmain paraneter
ity of a cell bank is the
BA%RWW%@@%W%md cells after thaw ng.
Thé/pigRreefor m@ph@iﬁmd&u@icbl@ﬁ@rméﬂhsr»umawaherapykwﬂma% to grow at a
and stabili t% are al so essential properties of

veryunighbrade de| thepast. degasle: GG cell dives meo@nﬁhawm@ rgost attractive

ma}ﬂrﬁ%\g%no e%@Fé%udngyE% i t)ﬁ%ﬁéghﬁﬁﬂrflluégf ur e VI %@Jl?totrx/ aspects. To

ensmeCthetapeanhcfpmdaas&sfanm@rmhmamw thieyceif banloﬁglsybtmh of these cell
Finally, a_ cell nk of h qual w shoul d guarante
o iz

ingsge GapdiabCrentian o Masher @P Bapks Waiking Gl Banks (WCB) and
Poé’trlﬁ’r'oﬁ[]?f?&n @teﬂrBaaqﬁstP'dEi SicriB%ngdfe e8héntidi S&ps in development of

characteristic
production processes for biopharmaceuticals in that cell lines. The quality of these

banks is critical, as their generation not only supports clinical development of the
product but also ultimately the market supply phase.

The main parameter that characterizes the quality of a cell bank is the long term
survival of cultured cells after thawing. Moreover, besides the long term survival,
robustness and stability are also essential properties of a suitable cell bank. The time it
takes from thawing a vial to establishing inoculum cultures of robust growth, genetic
stability and high culture viability is critical for assessing the quality of a cell bank.
Finally, a cell bank of high quality should guarantee for all of these parameters to
remain stable over a prolonged storage period of the bank. All these characteristics

highly depend on the method of cryopreservation for a given production cell line.



10

15

20

25

30

hi ghl y depend on the nethod of cryopreservation for a

gi ven production cell |ine.Today an increasi ng nunber
woRodeioshar maceuticals is produced from CHO cePCHEBW65/055784

to their ability to correctly2process and nodi fy human

proteins. The first generation of CHO cell-based

production processes al nost exclusively required the

presence of serumin the culture nedium Safety and

regul atory benefits |led to devel opnment of new cell

| i nes, and culture regimes that now enable serumfree

Today| a1 (feasing nURKer @ bm%@gnaaeutiqaé‘: Ermeeggeq frem RO cells due to
theﬁga%?ﬂtxttBb%Y&ftlgeé@ﬁg%§%Yiahoﬁf Lprr?l@r[) fitd eqeneratlon of

roduttion pro SO reqU|r S ce ore
CH@asebbaaed pmodkd:tum peddesiseskamaist Iexslusmaly rreqamfefcberze ngesence of

serligin thaAkiTig 'DeUen SATBl 4 aUBYBLPEITES i © daveiopment of new
cella ﬁe@bhﬁ% ]tc legrsl ?%%Fne%artl’iétalr*o% réj’%%%ﬁ}e%y nglggé{t‘ﬁ)n of cells

thrmlghoas theopromrgs gMehest t%ﬁ@gyiolwegbr ythel epmmdal ofrsertimn from the entire
for, fre

proifiefian aficess Hamreius Belse o Hirefn ahfttel i Wdking cell banks

witlf GEARM SRR H#abkifg bRl @Gwaﬁeﬂysofe%ﬁ@ble%' ha® been described for cell
successful process devel opnent. Currently the first

banking: ok aelif by usinghenpprajeciants: ibat ae Rbleatskaipleasbpamiallyyeplace the

pro‘[&?i\’)%r@fe%tsdgiss%g@m %ﬁf egf (31?5'93?139@' %%{ ut!\bn&%c%ggg of any such
strad@gyE highhedepends gpahe el tingxtheupediunaaadtthe p"rowbbnf@ryreezmg and
used aranEters to_ describe the recovery. of

ells
thawindsr ,eg\éqlngc?rbﬁ diff qnqar@}gtpraqp@@eg(gtlpnoggatgglgﬁ is essential for
Sucggggppggoge d@v@lb ffese cruci al for proper enbryonic

and t ssue honeostasis in the adult.
Progranmed cell death is controlled by a specific

bset | di | | | .
Cu%?@‘iﬁm&rs??}a%%a?ﬁ?gf?2'5’Eé\éﬁagén”qr%m%%béﬁ@ﬁsﬁoﬁ% by thawing
def' Jﬁﬁﬁﬁé%fé\ﬁalg Ag delIS FSr g qa]‘%'gégée’ﬁé% mﬁg% and viability

the co ete ruction o

as Hetesmineet b)m?ﬁan mmmexclusggaredhe apoiinaly iused pacameters to describe
with dlfferﬁant ki neti cs dependi ng on cell types and

theggpq,\{er%pége Heryppgss Mon and formation of

apoptotic bodies. A critical stage of apoptosis
i nvol ves the acquisition of surface changes by dying
Progeammech gell edeathuar | gpopdesibt is ian prmeaSecumalt fasnpeoper embryonic

oo EAPIRs Bl L5 aEls BipRAEBICH TR B6EBbgips comrotes

by &speeitieisabsef oftrhorehrssonderdd indiiNguRickRdar bRBMisms that converts
a death inducing signal into intracellular biochemical processes, which ultimately lead
to the complete destruction of the cell (Vaux and Korsmeyer 1999). Once triggered,
apoptosis proceeds with different kinetics depending on cell types and culminates with
cell disruption and formation of apoptotic bodies. A critical stage of apoptosis involves
the acquisition of surface changes by dying cells that eventually results in the
recognition and the uptake of these cells by phagocytes. Different changes on the
surface of apoptotic cells such as the expression of thrombospondin binding sites, loss
of sialic acid residues and exposure of phospholipids like phosphatidylserine (PS) were

previously described. Phospholipids are asymmetrically distributed between inner and
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of sialic acid residues and exposure of phospholi pids
I i ke phosphatidyl serine (PS) were previously
wale@s/stwesl. Phosphol i pids are asymetrically PCT/EP2005/055784
di stributed between inner andduter |eaflets of the
pl asma nenbrane, wth phosphati dyl chol i ne and
sphi ngonyel i n exposed on the external |eaflet of the
lipid bilayer and phosphati dyl seri ne predom nantly
outé@brefiERdoPthe bl%lsmwmerﬁbrfafnécWlfhaphdispﬁd‘mdylz;hbmland sphlngomyelln
Cel | s undergol ng apoptosis break up the phosphol i
expasedmenr ythef extrmal plealial @ferﬁbearﬂleldanla"%o@@dwhosphatldylseﬂne

preWn‘llz Btﬁ%}z&g gdgt ‘rﬁge flﬁn%mguﬁéﬂéﬁe fadi ﬁégﬁgseoé apopcgells undergoing
apoptddis dsrabk dipir theg phbsstivlipice asvfﬁm@teyr‘mfaﬂmlrr @hesms membrane and

intact. PS exposure is, thus, aearl and w d _?
expR&e (e whish lagra@lwt% to 1o eutas werb%ﬁ hegmes brgh, This ocours in
e[ Bl S NSO 80 oo QUBREAT YR B tEfane romans

intaet ePSllexposiirel is, theiseatearly and plids- spretael thaliroarki ofadying cells. Annexin
preferentially bi n s to ne

d . . .
V. helangieg i 1 & rqoeetwbsdﬁﬁw%? :oyfg@ﬁv] o Ghrofeips. dhe annexins, with
antﬁeﬁgﬁlam 'b'r?f?érh@é W‘@s”ﬂrdv@n%oﬁé@tdsﬁﬂh%ei lrﬂ@efé&ﬂng apoptotic cells

gonmye Changes i n PS asymetry anawé %m
smcraempmfereytlaﬂyl bids to rtagattlvelg qhergeﬂbpla@snhwe rltkﬁd:’ the presence

ot 88 <o, Uah P BPG: o RRBPERLANREGIR Epeisphingomyein

Chérﬂfés irP r-%/ SEYRHER) | dialyZedChly omAaseind Ariekin &/ blndlng to the cell

possible to identifTy and quantify apoptotic cells
megibige vwm deﬁsgte@l before snomhotnaieal ycfmg@én@mcatemwﬂh apoptosis

occﬁ?r%é) neX| n ?&%nét'@ieghpg’g%elr?%gl) | Zn\élvI : Ee non-vi t al

dye propidiumi odi de (red fluorescence) allows
(bi vari ant_ anal yS| s).the discri mnation,_ of int

By senjugating Fifie- tpiAnnexim V| I isapRssikieite identiicapd. guagwgy apoptotlc cells
on R IERRRE ORI iRy (Sbhpt Sl Rohe) StENcous sining

of cell iwith BITGxAangxipr ¥sgreen fluerdsceaod) and cthet momkntalndye propidium
lod:gggggaﬁﬂg%%gﬁq%gg gﬂgpvg O,yr@ntﬁggﬁgrﬁ&d%gttb%{]cggcgimination of intact cells
) AFat t6iE & inb¥rotic cells (FITC+PI
(FIIGHAS; 52y aBRIOENCTIREIY) BRFletd ABMOASHE S nlirati cells (FITC+P11).
preservation quality of cells, propagated and expanded

susfJaRy B FRRAGANGRORC voc crL) oank. The, present

As mention in the background section, quality of a cryopreserved cell bank is critical in

the use of a cell bank for the production of biopharmaceuticals. In the meaning of this
invention, quality means, post thaw vitality, robustness, phenotypic/genetic stability
and long term preservation quality of cells, propagated and expanded starting from a
cryopreserved cell bank. The present invention is based on the surprising observation,
that programmed cell dead, particularly apoptosis, is the major cause of cell death after
thawing of cryopreserved CHO cells of a frozen CHO cell bank. It also has been
surprisingly demonstrated that the evidence of early apoptosis in cells of a culture
propagated and expanded from a cryopreserved cell bank of CHO cells correlates with
the quality of the CHO cell bank, which means with post-thaw vitality, robustness,
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that programmed cell dead, particularly apoptosis, is

the maj or cause of cell death after thaw ng of
waeegopswser ved CHO cells of a frozen CHO cel | PEREP200$/055784

al so has been o surprisingly-denonstrated that the

evi dence of early apoptosis in cells of a culture

propagat ed and expanded from a cryopreserved cell bank

of CHO cells correlates with the quality of the CHO

phé?@'t)}plérgéhet|d\’@taﬁ1|tyffaﬁmsldmﬁt iér@p?ies*emuow qaality, YObserved when cells

r obust ness, - henot enetic stability and

aret @rpﬁagategean@temﬁnqgm stwmgofb@r@r thési cah dranke Iy baartaeen furthermore
b AEARY e RIRERER 7 S SURAE el dbhoci Sy BBGfogis in ovo

cell8 tivat ikl isearathaled: sfteleirpsiresamvatiompopt osi s in CHO
cells that have been thawed after cryopreservation.

The present invention therefore pertains to the use of

Theﬁ?%‘? érl(fe%dgloﬁgg%féﬁéﬁ gé hg@s?ﬁ%)éoﬁee Bf W\?\Qxﬁe{ﬂ in R3¥facterizing a

e present I nventi
crymm‘eaemadtcmllt ibeenlusieChiO éeliseﬂamculany dhproesars |m7ent|on relates to the

t Il bank of CHO ls,
useﬁPE?@\?\sg{nﬁ' oR (IG5 BF Shmmarizng eogr?/Pe??S&w%(ﬁS@ bgink of GHO
cell§uﬁﬁéfé¥aﬁ R Kite AHENINY B$drforfof é’élfs*‘tﬁrs I"BAY k. Hccording to

S sS4 {he

he pres nventi on, process |1 ncl u es
a famrwsempdtrtmvﬁ oythee peesendrinedntiosl, Isaicbpracess includes the steps: a)

thacr’{ggsr X rﬁgﬂ-fﬁﬁ%lqj;)gﬁﬁm §$U|6&;C\‘/§ gb%rgj S@' %Ipc\ﬁalt;nsg éald cells in a
cultﬁw&ﬁbalu\ﬂh 6% |ﬁ@1t%hbn§a@ebbﬁs afth AHHEAA W; n@)td@ectlng cells and

number of cells that binds to Annexin V. e) detecti ng

quasdifying dhe guawer fofi aglls Hbain binslsr tofArmaXin Vh&) drtesling cells and

g P ROSER Yool 68 ELA AP RBob ', A ko Rfene ot o
Anrigxi VEbintiimgrvse Aippdiimennontbiedingesfist i nvention al so
pertains to the use of Annexin V in a process of

determining the quality of a CHO cell bank, wherein

ACHRYTGNE4 ST GhBBAR IS BRI NBRT 856 HEARI Rt the use of

arts Igquid lumas a ce

AnrindmiVhin a pnocessom afetdrirdning ythpraesity ofl acCHOs cell baakplwherem said
said. cells jn a cultu

profges ucles B8NS Sl ChiHRRSYAYA PelR ik Bagh 1% Ailiguid medium as a
cellttfh’a\w{ed 9! Irawy %Sé ?o?t'icﬂg of &hé &?[)E%SWG!H /éBﬂ‘@ Jnsé(gi%erg bank; c)

yoperservat| I's into in a
cultiuading, saudwaellsaa@culhuatmedmm td;) eSEebllsblhgghaNdamyaamwoﬁ said thawed

one to. two ni a.li mlnacontal r. Per. . -
cel 32 Biaind'sait sBlls 36 ARpl NerShigperenvaing Al intefarts” in a liuid
medium means, that each about 0,25 to 3E7 cells are frozen in one to two ml of a
liquid medium in a container. Per cell bank, about 200 containers or vials are frozen.

The present invention also pertains to the use of a Kit comprising Annexin V for the
characterization of a cryopreserved cell bank of CHO cells post thawing, wherein
Annixin V is used to determine the vitality-rate of the cryopreserved cells post thawing.
According to a preferred embodiment of the present invention, the vitality-rate of
cryopreserved cells post thawing is determined by a process including the steps a)
thawing a portion of cells of a cryopreserved cell bank; b) cultivating said cells in a
culture medium; c¢) incubating said cells with Annexin V; d) detecting cells and
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The present invention also pertains to the use of a

Kit conprising Annexin V for the characterization of a
waeesopswser ved cell bank of CHO cell s post thal€Tg§P2005/055784

wherein Annixin V is used to-8etermne the

vitality-rate of the cryopreserved cells post thaw ng.

According to a preferred enbodi nent of the present

invention, the vitality-rate of cryopreserved cells

quarisfing hgi ﬁgm'b‘érd@ft eeNs NRagt Pindd 16 ORmsexin g &gl dstetti®y cells and
steps a) thaw ng Eﬁgrtl on of cells of a cryopreserved

quadﬁlwym%m numbee @F eelsmthat glosngtdind to Anpaxia \sub) calaalating the ratio of

Ao P SO0V, B0, i st ivenion

alsd hprfovidesd& it Aonrrising; Ar&)exdet\ﬁcammga C;ﬁédk&géntéaﬂet including the
uant i f% g the nunber of cells that do not bind
infoRRIQLQN HO\MSG )°‘”8§¥'8qu{‘|‘%@@‘H@”F%ﬁ%%ﬁ ogliiBafh o CHO cells by the

mvé/ntWe”S’thSsé’ %es@ﬂﬂ@d‘h@re\{nnon bi ndi ng cells.

Furthernore, the present invention also provides a Kit
conprising Annexin V and a package | eaflet including

The, PresiinVian b MelGTeURrs ohratess: Gl uergPaca O cel bank
incRIBRRY e Gdpy &) ﬁhawg@ Br BSRIdh bNveMs igh Cl_clgépﬂ@éerved cell bank; b)

provi des a process characterizing a
culiivetingdsaig aetls lgt@mp@yopriﬂwm@tum pagdiumi a)ﬂn@mat@gosala cells with

An@#@%%ﬁﬁe‘{%&gﬁﬁl@ gjk tl@ﬁﬁglg r§é’ ﬁhblp%éto? Ilgg]aa%mdqs to Annexin

V; 6pdétectind BelNase qhaMifyfig t%etrﬁﬁﬁbékgofc@nb&hamb not bind to Annexin V;
dquantifying the nunber of cells that binds to Annexin

f) caicuatlngéhemmgf Aanexin dhbingingnes. fArineyin Yienomdbidingagells.
cells that do not bind to Annexin V; f) cal cul ating
the ratio of Annexin V-binding vs. Annexin

Acdériing- foi & dirfige regrhbsdimfert othéi prestat mventidmalso provndes a process of
enbodi nent, the present_invention also provid

meaﬁw& dhenitatidate /b a Qi el bagk peskthawing dneluding the steps )
tha ap&?&l cem i oc%f' é‘a% 88,88 & e%h;r]lﬁab)bwlﬁ\’/‘%g}% 8aid cells in an

I on o ryopreserve ank
appropﬂateaa;ultuge suediutet) isuc'ubathrg spidraglisi witre Anakekinr ¥; d) detecting cells

diumc ncubat i said ce|lls with Annexin V, d) .
and; ettty 18 R by e el mipdhlo ABREER B & ddtesting cells and
uérhﬁ\ﬁn@'tlﬁ@'ﬁuhfbeﬂﬁ%éll@tﬁét d@naﬂ%ﬁ&% AGneRinl \7 @!?:@(I]?ulating the ratio of
quantTfying the nunber of hat do not bind to
Annexie M-bINdingfys. AginexiraYinog-hindingauells. of Annexi n

V- bi ndi ng vs. Annexin V-non-binding cells. BRIEF
DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a

BREEFPESURIFTION OF THIEPRAWINGSO cel | cul ture post

cryopr eservatj on.
Figure 1 shows a Fingerprint of cell death of CHO cell culture post cryopreservation.

CHO DG44 cells were frozen using a freezing machine at a cell conc. of 2E7 cells/mL
in 90% cultivation medium and 10% DMSO. Cells were analyzed by FACS at indicated
timepoints. The first lane depicts forward scatter on the Y axis and side scatter on the
X axis. Gates were set to distinguish cells that represent dead or living cells as judged
by their morphology. Lane 2 shows the same graphs and Annexin V positive CHO cells
are shown in white. Lane 3 depicts propidium iodide (PI) staining plotted versus
Annexin V staining. Dots are grey according to the forward versus side scatter gating.
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CHO DXA4 cells were frozen using a freezing machi ne at
a cell cone, of 2E7 cells/nm in 90% cultivation nmedi um
war@esHMSO. Cel | s were anal yzed by FACS at POTER20®055784
ti mepoints. The first |ane dePi-cts forward scatter on
the Y axis and side scatter on the X axis. Gates were
set to distinguish cells that represent dead or living
cells as judged by their norphol ogy. Lane 2 shows the
FigGreT® SHAWM ShansktANa® XAmnekim o6 stdinieg Griédiet tsll daak wuality. A. CHO
in white. Lane 3 depicts propidi um|0d| de (Pl)
DG44 siefls rvgerg isezen ugiagsa dremaingymaching: al AigeY. canm ef k7 cells/mL in

sorf YRRl Syt 164 BMSOTHE P D g 20 vils.

FAQS efhahysis ©€|Anri@&mi<v0$taineﬂycellé 6HoPOS DRy, dbzhﬂasaneemetted as forward
frozen using a freezing machine at a cell c

ne
side, 6PAEGTIErEPH - (@618%:aF CIeFRHPRh IORHIOIR AhANd0as @ﬂnﬁ?ééntensﬂv plot.

f
o). Rl oash e et e o EAoanel uiey passage.

Similtaheedslpsvidbilityarvas detbemitet byetrygarabiue(@mluﬁioms
described for Figure 1) and as Annexin V intensity
plot. B). Gowmh and viability of post-thaw cultures.

Fighfé 135sHR€ drritBheeell BEnRY ShywPERERIE apopiBYis ARBPUSW. CHO DG44

VI ability was determ ned by trypan bl ue excl usion.
was-frgzere usingha freedingfreaehine weth alsel iconcantratinrt oridit or 2E7 cells/mL

in GRS ipsrish st Heat GRId D8nRahEPBRS aFiDr 28R vigls. Cells were

cry@p’fr@séﬁ)ebsﬂ 'd“fr@éilﬁgrrﬂﬁéhlﬁéecﬁza %%/rﬂﬁﬁin@ bokhA twczaiffefent freezing
the cel s was >200 vials I's were

medllay@plﬂéwrW@@ analyepdby Assgxing/ mwng@hmoswmvyr of oam
box in two different freezing nedia. Cultures were
anal yzed by Annexin V staining 6h post thaw. Figure 4

Figahe &s shows Qfsee@fr éa/rl%opt@sissmesawmmstfer fastingestt meglum quality.
of medi um qualit DA4 cells were frozen usi

CHQ @@ﬁﬁr@f Wierfeozﬁn ysing @) freezirg mschinezata cel caNC. .cg 2E7 cells/mL
c‘fﬂ‘llvﬁb ﬁ‘%&i}aﬁpghd‘ %@né@@f’ Wt@%lzér B tﬁé ééll BEPR Beas 220 vials.
med I ons

ban repara
lefwasre medidn prepagatimrsatvens usedtfor @eneaationbamﬂﬁee @glllt bards. Cultures

wers SRa B P AGS: G Rest N Jer el AYaR GISHRUIS tgrward-side scatter

ancfkflhé‘klﬂw s T LED DESCRI PTI ON OF THE | NVENTI ON
Initions The term"cell culture(s) was(were)
initiated" refers to the tine point, when

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “cell culture(s) was(were) initiated” refers to the time point, when
cryopreserved cells are thawed and transferred to culture conditions suitable for the
propagation and grown up of said cells to a cell culture.

The term “cell culture” means multiple cells cultivated in one container under
conditions suitable for the growth of the cells.
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cryopreserved cells are thawed and transferred to
culture conditions suitable for the propagati on and
w@e@a5wps of said cells to a cell culture. ThePCBER2005/055784
"cell culture” nmeans nmultiple7cells cultivated in one
contai ner under conditions suitable for the growh of
the cells. The term"post thaw vitality" shall nean the
ti mecourse of post thaw recovery of cells propagated
Thé ttM Epdit Iedw Gathlityd 8RKI MRS thRCtimBcblvee RSl tIRele rétovery of cells
viable cell to non viable cells at the tinme of
PFOQQQa@dI fromaa ighien qell baplameasused i thes pergandage of viakée cell to non-

vl al AR RCoE SR PBIOR2HGh ARAATEHA B ror o me

také$ 1 letatilisherobisRindiculunt BultDFERCEHS sPBESHESIRT scald Wﬁtf@f narge scale
"robust ness" describes the reproducibility with

culipatione [f|therebareris agrlicabiioepsE PYRAM@EES vat i on accor di ng
to an established post thaw vitality pattern. A robust
cell bank would result in mnor differences anongst

The hernpdsdbusltrmsb&)‘e‘sonhwdbs repraodusibility fveitre mthich @k . cuﬂbﬁes recover
term"vial/vials" r@ans a nurrber of cell?1 froz

aftes, GIYRRAGSEIMADN AgSOrAINgJo a0 G¥iablishnt BPHPawoYIfally patters. A robust
celﬁﬁnlg%hﬁi teBultNg /ngﬁoF Witeiéns ?mbhﬁé‘t'lﬂ Eﬁ%‘t "t'ﬁﬁw Peformances of its

term "phenot ypi c/ geneti c stabi
diffeleefrit rvmis bihe herne Hwa@walsh niddsaa dnpmtmreomc@bsdw@m gnone container.

b
ol o nt 28Ruf e Yo e oo 86 we niile B medium.
process format, e.g. for about 100 to 300 subpassages.

A cell bank of poor quali ty, nmeani ng | ow post -t haw
Theyteran i‘phesotypiolgengtio stabikty ob cplimis ga&mﬂ i tbegehasgecin RNA and

proiehﬁ bgés%g}qb%véf?&ae&%& wﬁ%lpggcﬁ IBgr L es ?'EE?%/ arencultlvated over

a pefedafaimegelevahh® ﬂfee%ﬁéh provesy fd?mallTE@@S félhétbomotoo to 300 sub-
nore than 50% prefera nore than 30%

passagesr AcelinRank ehaeorogality, rpearing rteweoqﬁtéhi@m Néah'liﬁ’ﬁr eould give rise
to MEﬂrbrfeEﬁé‘ivyH cf/hgﬁ?tﬁcgg abiliff auégé‘%ﬁh gu%%? k)b p\fg?%/ﬂ % tf(bn(s@ultures are

ost rword

mﬂraltmd ak tlewi proat-thaw dvitalitiyaini thi- maaringosit thehpves oot Wﬁ/eﬁmnﬂ means that
referably nmore than 70% nore preferred

h 0
notﬁm?@% E?ﬁa wrerf%nap MO HiaNy3 Qe MQsE PrefeErediaaresthisNA0%, further
mo?é‘?hé?é %ﬁ n‘{éé%gﬂ 231\,1,\5% %Etﬂ?@é\% ﬁ%nﬁl’fr‘ne%k iy VIG§&ive/ \‘Rnt{un 6h post thaw.

e term lon ermpreservatl
In cqbat woyds, |ash|gbfqua&ty deyl bamd is Imaa@e:terﬁzadme a hltadﬂay edite\post thawing of

moEq,jC“ %@g{?&gr{e?gﬁgﬁ/; %p?%jémﬂ@r/g 8\9?e prgf%rred more than 80%, further

more preferred more than 85% of the cells viable, which means Annexin V negative
within 6h post thaw.

The term ‘long term preservation quality’ is defined by the change of the three above
described parameters over a prolonged period of cryopreservation, for example about
up to 20 years, of a given cell bank.

Description of the invention
The necessity to remove serum from mammalian cell culture processes, particularly

from culturing CHO cells, has resulted in higher sensitivity of cultures towards cell
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up to 20 years, of a given cell bank. Description of
the invention The necessity to renobve serum from
woreendabioah cell culture processes, particul arl PCT/ERIN0S/055784
culturing CHO cells, has resBted in higher
sensitivity of cultures towards celldeath at different
stages of a production process. A detailed analysis of
cell death during thawi ng of CHO cells subsequent to
deafH ‘A@I‘Hf?@r@hv aidges vRa proevtsy prddessa detdiledr asalpgsYof cell death
finding of the present invention that programmed cell
duringdhawig Qb@pﬁ@sﬂ&ﬂs|%Jbﬁﬁﬁuwfe@oﬁﬁmﬁfﬂsef‘(ﬁtmnowaéeﬂrPV'ded It was a

surpjgs%@y gﬂagﬁd ?g)rré!%}{t%\%ﬁ%ﬁntg?te grog W «J,‘e?r déith or apoptosis is

the @Pé@d?ﬁi@bhﬂtdrﬁﬁbi cell M@@thsctml@ed?fm@iyypmsematm an‘rCIt-I@ecells As early
cell surface of CHO cells.

as Phboprartien PSaneTaased leval of ANORPBLAYIeane,Was SURIisingly observed
on lrh‘ascfélllt %Jrﬁ%@ e éelﬁhﬁ% bpgﬂﬁs@f’% kel cﬁ1 e surface of CHO

mar k o progra At t
cel\@oasma resllt Urem lossbolphasphelipids yasysnmetry||S| anaearly hallmark of

progiRaiRg.coU Seakt AR aci o8 tibimotens ISCHRes S iact.

to sti I | be norphologically intact (as seen in
forward-side-scatter plots). At later tinme points
Earlyatimenpoints- a@er ﬂm\t a.ga@)tp 24fe peaj thawing.oshowerdiinmeyin V positive

a3 CH A SR GNP o b i sidorsater

plots). ARt 3&@F ttihe %&hﬁés(eﬁouhd‘ AL-48RK dﬁlﬁtethw? htﬁeheﬁéjorlty of Annexin V
surprisingly findings, the percentage of CHO cel

posittvet sjainled HeHO: atalied ampearest ofﬂ dshew i steinge qu|8}1rlahqn9/membrane

s Sh U8, ) TR o B3t s SHR0Bancy i e

surﬁﬁélhg@qﬁﬁdihq? tf@'@em‘éhlégaoOfSGHO yell that coaltli benstalbedt witm propidium
ow signs _of having initiated a destruct

iodigedgiemiviinereased Sianiicanily 24htgst Ramg! hpse data; qiﬁ%lbﬁ:}or the first
tlmcglﬁ'g&l?g%ﬁ@h%\'}@g@?ﬁﬁ%@fﬁ%%ﬂ #fyalgpeéﬁ Iol.slscRyoa,aeservatlon. Certain

CHmcéllsaéHcM\ll gigms rof hedm@SinmateiSa: desirugtiont mograzmt\mltrsm adewy hours after
anti coagul ant properties (Reutel sber
being péay@éialnswwn @eltw@gmswg R §upsRau ally ﬁ}ﬁssfceé'ﬁdlg %#??mb'e over
thegfe”oﬂed# a repeated notif, originally termed the
donexin Toop. In the neantine, gene sequences codi ng
for the Annexin V protein of several species have been

Anbgont T L0 and ol pneds For, oX3IEl 6.5 eo Pl

properties (Reutelsberger et al., 1985). It appears to belong to a multigene family of

%{rgi'\ﬂ anticoagulant

proteins defined by a repeated motif, originally termed the endonexin loop. In the
meantime, gene sequences coding for the Annexin V protein of several species have
been identified and cloned. For example see NCBI Protein Data Base Accession No.
NP_001145.

The present invention therefore relates to the use of Annexin V in characterizing a
cryopreserved CHO cell bank. Particularly, the present invention relates to the use of
Annexin V in a process of characterizing a cryopreserved cell bank of CHO cells.

According to a further embodiment of the present invention, said process includes the
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NP 001 145. The present invention therefore relates to
the use of Annexin V in characterizing a cryopreserved
W@ERO6o81065 bank. Particul arly, the present i nvePCT/8P2005/055784
relates to the use of Annexin9 in a process of
characterizing a cryopreserved cell bank of CHO cells.
According to a further enbodi nent of the present
i nvention, said process includes thesteps: a) thaw ng
steps: pﬂrthawmgOé pottidnsofadella of ayrpomresemed aeﬁltiarikabkculh\)atmg said cells
cultivatin sa|9 cells in a culture mediu

in q ceieg mesivg; & mqb@tmt&ald\m&i&.thh/AnaseX@eVeéfe.d%ectmg cells and
quatﬁﬂ;#ykn%at'ﬂ@ ﬂ@ﬁ‘lﬂfe')fécffeegll nﬁatmt‘ﬂﬁ%r '[(S’f r?r‘?é)hﬁ yhat @ét@ﬁﬁng cells and

ng ce quantl‘f ng t
quaniifjorg tlodé narildes of lcalls that ot ndti bind 1t® AfnBgii Vi; N,cafc).:latlng the ratio of
cal_cw ating the ratjo of Annexin V- bi ndi ng vs. Annexin
ANREXiR, ¥-BINdIGns- Annegin VnoprRindingiaells: f urt her enbodi ment
the present invention also pertains to the use of
Annexin V in a process of determning the quality of a
Accmﬂd)'ngeﬂd afartker aibogdimentaihe presest svientibn didso pledams to the use of

Anr?et?)g |qa}r)§1d§r[9#p§é %i?{g!%%lﬁ%ﬂktﬁlelﬁsuqh&\%; %3&&!%%) gpp %&qkoyvherem said
protcbss ﬁ’fc‘}‘lfdyselﬁ@fs)taﬁb @Bl drgopsrbsemating eklls bﬁ@lpart@)m a liquid medium as a
cultivating said cells in a culture nedium

cele baak| @hth@gv"ﬂg]ea \nqrﬁmntcg; the @rmprgaer&eﬂhg@véd%tesa@ ggfl bank; c)
culﬁ\sa?in@téjagd ?thd B_%c lllr’gI rh @ﬂge@ éé&a\séhsﬂd fib! \/?tgf t?/[rawa said thawed

celrsOtbwsta’mag ,sajthesly with Argren@i Ve Gritetia lort Meaqwblit;oog at GHO cell bank
reservatl on quality, observed when cells are

afepr%%é wd VERNYex FAMENIESS: aPhERRIYPICaaNEcs stabilityand Iong term
g ERRaf AR, HRERTYLY Bl 35 Bt % i stating from

thlsobeldalbanm Thesderitaridbare afairily raftected | the. nlAmhelgbf CHO cells which
r of

SUDNE i oo B PLaSOsRy 1 OINEH QIOb e mumear 6 Atdct Cells”. A high
nur@ﬁ?r SH'nfdcY@HG%e% ?Bérd?ﬁ?@%sfééty rbﬁltr%f’ﬁ‘iédinﬁi'&?cél%ulture reduce the

ture up arge Termentatton scal e
numher of sub- dudtlvmlon mtems nheessask to tm@agdrthelcellvwmmettm to the large

ferr%%ﬁ?i%psgé cgﬁberrgf})é? £ d?rrgng%a deefglg&)ﬁi{]tggﬁg“c \yarlants may be
estabwsﬁémandmh Id@huﬁ&@asmbfmﬁﬁé EThé Q/rtamwaw wbréfeu%ly 88timated by
of Annexin V-binding cells. Therefore, accordin

Annexie \pstaining, emhlehm@anﬁeme deteetion pndgeantifoalienta ?&mnexm V-binding

cellye THRERE iactording o TP nipeliB wlBou ey nb dyessp invention,

thegxpaaskedf fhict RnndXiaw stalmmg:lmdmrwesﬁma@tr@) vitality-rate of CHO cells
i ncubating the postthaw%

propagated and expanded after thawing includes the steps. a) incubating the post-

thawed cells with Annexin V; b) detecting cells and quantifying the number of cells that

binds to Annexin V; ¢) detecting cells and quantifying the number of cells that do not

bind to Annexin V; d) calculating the ratio of Annexin V binding vs. Annexin V non-

binding cells. Exambles of CHO cells are given in Table 1.

TABLE 1: CHO cell lines

CHO Cell line Order Number

CHO ECACC No. 8505302
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cells with Annexin V; b) detecting cells and

guantifying the nunber of cells that binds to Annexin
W2006)0516t ect i ng cel I s and quantifying the nunPEF/EB$005/055784

cells that do not bind to AnnéXin V; d) cal cul ating

the ratio of Annexin V binding vs. Annexin V

nonbi nding cells. Exanbles of CHO cells are given in

Table 1. TABLE 1: CHO cell linesA variety of assays

CHOeK1det ection of apoptotic celATCOICOL®Y has been
rina and TUNEI assays
CHOcRWKXel i et al .,  109ATGE|CRE9086 al .. 1993).

et al.,
— ) tometric nethods of apoptosis
%@pﬁ%@{ bﬁﬂg%:ﬁ}sseveral advant ages over the above

CHO=pDUROB&s as they all ow rapi |ATU8CRE 903Dl on of

properties of thousands of cells. The use of

CHO-B®4dyt onetri ¢ neasurenents [dlrasp eta@h,&ieih @3{2] 405-412, 1983

O R e s success ul cel | baptk ToroALg/Fan cel | 1ine,

For this reason and according to a further enbodi nent
of the present invention, the Annexin V is |abelled
A variety fofuaseayseier detaaiipscohaRopiqtic Te) . cufiyres diasowgen described,

g ORASheRe A 1 OREL AeH3NE Ao ol B B, 82 iman o

al., Theg3f Hewevdre flpmes:szmetnuernbtmsabfs lpbpfdsm Rigtéadion offer several
ocess of staining cryopreserved cells of a CHO cell
advgam@%%ertthsvawegeﬁlam'ﬂv% agfthey pllawgapid.guantification qk properties

of mdugaﬁéér Gt! daR! "ﬁ% 'ﬁ@@eéfh'ﬂow %}goﬁe{rlco%e%)éh bhisC allow rapid  high

assay. An exanpl e of suc say I's given herein
throughput evdkiatioh of différent etrategefdargdmatemsucmsfwlscell bank for a

ol DELIFE, PO B8 5% D SSBIE1S ol ssabd Spatobpe prosen

mvér’itld?\a"l‘hé’h%ﬁeﬁ%WH@Id@i@zlléﬂ'%ﬂ‘ﬁf‘ltﬁ)r@% éiﬁhéotMioe?aﬁétb)(FlTC) This allows
(standard method which reflect the state of the art in

thecuser at adidw-ayiomnetot AnrndxirhdhrEnity Bssags ¢d astimate the vitality-rate of
t haw-.cont r.ol how .a

coll B BLIRG, FEBEHYRT 08 BBOSHClEnRGs, e RRTB S process o
stanhmq @@@pﬁedé@w@@@lls?éha THOAHN K pééietWawﬁdeé %@'ﬂon of cells of that

sis of data obtai ned for CHO cel banks
Ce"s}wﬁs»w%h E@TQ lakelies Avneie Vpneajﬂ@wmyéomalr@eassay An example of such

an %%érﬁ’\;l%%/ =T eﬁ"p@@?g)“ QG%@E é‘*'r?@séﬁ@ale s early as

6h post thaw provides information on the success of a
cryopreservation strategy that is usually only gained
The fegyliss pravidathieeait 3ives @npexplapation doreresulitgelypisallyfseen when a

freezpzreét@?gg%%p TEEmBRASRIY by"%GPAA OBubNEXALS6R 8hafsis of cell viability

(standard method which reflect the state of the art in characterization of cell banks).
These classic thaw-control experiments generally show a high number of viable cells
right after thaw and viability only decreases between 24h and 48h post thaw. A broad
analysis of data obtained for CHO cell banks surprisingly revealed the predictive value
of flow-cytometric Annexin V affinity assays. The percentage of apoptotic CHO cells
measured as early as 6h post thaw provides information on the success of a
cryopreservation strategy that is usually only gained in classic thaw control
experiments over a period of 2-10 days. The present invention therefore also provide
the use of Annexin V in characterization of a CHO cell bank or in a process of
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the use of Annexin V in characterization of a CHO cel

bank or in a process ofdetermning the quality of a
WQERIO60&81065 bank, wherein the incubation step w PHI/EP2005/055784

Annexin V is perforned withid124h, preferably, 18h,

nore preferred 12h, further nore preferred 9h, further

nore preferred 6h post-thaw and start of cultivation

of the cryopreserved cells. In this connection use of

detérhﬁM\‘ng){h@'@iﬁbrﬂy(‘of%S@ﬁw g6li baniC WiKerbmoikl incubniogstep WithsAnnexin V
he nbst preférred nethod. According to a further

is peﬁbtmem hin 1248, prefeeahly, hfanmosh psgfetegdetatnifighemarie preferred

o, Y5 BB 587 A,k Mo ot pprosres

cell$.NAWhRGonMeRti6h rmséfmlchWohfbtmtﬁagségﬁDﬁﬁg eﬁmcnabém Annexin V is
vitality-rate of the cryopreserved cells post

the mshpreferraddaetirlg to a preferred enbodi nent of the
present invention, the vitality-rate of a cell culture
is determned by a process including the steps a)
Accohding ng asfupibet embodiment, ftise pfesent inveptios edseperdains to the use of a

Kit BompHEHBRANMES A (0100 S aipeteTizAloN oh BvCYapresrad GO cell bank
pos?efhgn r‘?gj}l r\{ﬂ'@?&h' TAHINRGN t P idh tof gé?e'rhﬁné hk QItQIﬁ? rate of the

e) det ecting cells and quantifying t
cryoprebenvedfCEIE! tellg past thawing. Accatding #naeyiefervgd e)nbodlment of the

preQ;é"‘rlnﬁﬁv%%tiqgu? nghgléql?i-iré)tg?éftﬁg ﬁz)‘é.', Em\e/ ljehb QQ%{M by 'aAnpr}Séess including
the s'ﬂé’r%”b) %vsﬁh@‘é Prash Qﬁ%eﬁs 6F b Wbéfv@ﬂ NG BY caltVating said

a package |eaflet includingt information to use
cellgrinex culturei megivan;aek mcubatmg)ﬁatdf cellscwith cdmnexima vk . d)odetecting cells

an R Er !, B &7 e 8, PR o8 BgEltpo cols and
qudnfigiihd) thean@@bet encoiis ek ds rdt bind ty/ Aphesian:ef calellating the ratio of
bank; b) cultivating said cells in an appropriate

Anra,euqlm VrRingingi vsmAREEXINY WA hinging-gelis cBuTtBeTHRarg, RenRigsant invention

s B SO BREBRE AT 24T PR Rt ncuang o

infomnation fty usg Arimeximuvtire chafacterizatiot loat @ldOrrmil bEnkd to
Annexin V; 5 f) calculating the ratio of Annexin
V- bi ndi ng vs. Annexin V-non-binding cells. According

Thd ?r@séﬂfrlﬁ\%{tloﬁnmﬂ'eV‘;ﬂBV|dé§‘% Egcfbt'éggto\;:étﬁq‘?aétbﬂﬂn 'aSQ:Ho cell bank

ovi des a process measur | ity-rate of
inclOHKbgcthd shaprsk a;bdbawtrigaa/ pormohuolﬁ ngllg lod estoepmraserved ceII bank; b)

t hawi ng . rtion of ce of .a cr reserve
cuttyiionshid b e am gpetarnal e, Ry 4 ficuEiing said cells with
Am‘v‘é&luﬁ N Qi) ra%ebdmg@eus W%drfmﬂ/nﬁ?'tﬁb ﬁ@Hb‘ér ‘M EBIIS e Biritls to Annexin

d) detecting cells and quan
V; e) detecting cells and quantifying the number of cells that do not bind to Annexin V;
f) calculating the ratio of Annexin V-binding vs. Annexin V-non-binding cells. According
to a further embodiment, the present invention also provides a process of measuring
the vitality-rate of a CHO cell bank post-thaw, including the steps a) thawing a portion
of cells of a cryopreserved cell bank b) cultivating said cells in an appropriate culture
medium c¢) incubating said cells with Annexin V; d) detecting cells and quantifying the
number of cells that binds to Annexin V; e) detecting cells and quantifying the number
of cells that do not bind to Annexin V; f) calculating the ratio of Annexin V-binding vs.

Annexin V-non-binding cells. As shown by the present invention, the percentage of
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o nunber of cells that binds to Annexin V; e)
detecting cells and quantifying the nunber of cells
W0 baw/ogiwenot bind to Annexin V; f) cal cul ati ngPCHEP2005/055784
rati o of Annexin V-bindi ng vsl2 Annexi n V- non- bi ndi ng
cells. As shown by the present invention, the
percent age of apoptotic CHO cells neasured as early as
24 to 6h post thaw provides informati on on the success
apoptotit GH@@éI%Sm%‘AQMe@UaéSbéﬁy e84 @ 61-pesClams pidvides isformation on
usually only gained in classic thaw contr ol
the supeesseha @rmp@esewpmm stiategy fon CHiQ gels thaids ysealbhenly gained in

claslﬁlr:c\é% o ¢ Qégw%eﬁyé)%g\rﬂgq‘éd E@gpir LEP 8212? eﬁh@ fpresent invention

thengfdrel Alsy ﬁr@%@e Qﬁe @)r@éééseb&iﬂcr@%dtetlﬂﬁgl .a OFD eeh bank or measuring
i ncubati on steﬁ w th Annexin rmed within

the yifalitygater b agey bankpostriiiaw. Jvhgrein E‘@r @gHbatfqn §tﬁng|HbA@nexm Vis
perfriled Wdtin n akh, y‘r‘%f{eﬂ%d%?ﬂ%rﬁ R6RS gferfé’r‘?etﬁshz Pl r]tés?‘?% C'_IdS*referred oh,

start o e cry preserve

furthed nere prefbeed BhqEstfthhivyarst stagdficaltivation df the crygpresatved cells.
around -1960C for prol onged periods of tinme. However,
cells can usually not be frozen and thawed wi thout the

CH@déjéI% Qh 9 s édéé%ﬁﬂ@/%‘siét%'&‘l Iﬁ]ﬁﬁﬁnlﬂ% ENRPar&Yie- 19828, for prolonged

the reezet aw proce result |nthelosso
perioels| ef timvec rilowewer, mﬂamaneusmaﬂy nok banfsoran @ndt thagved without the

0SS | S the t gcol ed f
addifigh ok e/ RinBrfants et S pSpr Bvan' fighe 4 Tt 26 heaR brocess wil
restif PHeA0YS f @Bl %éﬁtlé&l'rp'a%éfe?%ﬂ he drioemseirtRistibes is the protocol
the tenperature drops at a rate to of around one

used {pretheptreens rande ther thaw awocsEs. ceeneradlyidt és benefigial o control the

tenp}g{lt%géj drﬁgrs%&ts%l rrgnfgel}%lﬁjg{ Oc\e/rb)%{lre m&qggqer?\ﬁgkeftgheaarops at a rate to
of ARUREMGhdldegfle perahull. | TEHKAW EBHO! taIRs suCdBBsNAly it 0s reqwred to
ensure high-recovery rates of cultures post thawis t

warnm dbe eryavials(thawed melisuas dask a$ rmsglblﬁ ih 3dneuihe Oa’flmal cultivation
temperiile B8 Ca?ﬁ%aw all 8 o3l 'fn %@@F fﬁ ?Hs%&vﬁ{gﬂpﬂe%g\éery rates of

ryopreservati on S rat egi e

culuses poststhawis ItcmfrtebEe tekzin mmeuhd'n wontadningrhigh gmaiunts of serum.
cryoprotectants can facilitate successful long-term
storage of cells without the presence of serum In

Reﬁ%ﬁ éf InfAlkh \tNB ﬁ/%g'%éuééoo ?ifevéﬁg r@ﬁ@?bg o#\H{aﬂ@sstﬁé{SQies for CHO

a si gm | cant on t
celisrwithout slee waelotb lseru'fhen dEsfreehag nhemum vﬁamriejw af ctypprotectants can

ssessnent of a such strate drastical |
facflEAlG courcrstY Janere Siooenar ealls wititmt e PRSenka: o serum. In
addifibn, akk %oﬁ{pﬁisﬂﬁfh' & thebagan@ediun®as duch H&étﬁélgﬁmcant impact on the
wor Ki ng cel'l bank for new CHO production cell |ines.

sucsessraliany @woarerser\tai@n diodrsesibed faplkiraelequality assessment of any
suéhméﬁgfég?/nwill allow drastically reduced development times that are needed to

generate reliable protocols for generation of a master or working cell bank for new
CHO production cell lines. According to a further embodiment, the present invention
also provides a process of analysing a culture medium for CHO cells with regard to the
use of said medium for cryopreservation of CHO cells including the steps: a)
cryopreservating CHO cells in a culture medium suitable for culturing those cells,
preferably at temperatures below -100°C, e.g. in fluid nitrogen, b) thawing a portion or
all of the cryopreserved cells; ¢) cultivating said cells in an appropriate culture medium;
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al so provides a process of analysing a culture nedi um
for CHO cells with regard to the use of said nedium
wo 00068 MeHr eservati on of CHO cell's including tPET/EPEOS055784
a) cryopreservating CHO cel I-s13n a cul ture nedi um
suitable for culturing those cells, preferably at
tenperatures below -10Q0C, e.g. in fluid nitrogen, b)
thawi ng a portion or all of the cryopreserved cells;
d) ifieulsatirg ¥t dells WathIARREXIA V;NepdetapigBellbRd @eiahmymg the number
medi umd) incubating said cells with Annexin V, e)
of eelisdbat bigdedpIAnnexin Yudhdetegiing celie and myantitying the gumber of cells

e 8P g Sn BT a5 456 A e vo. Ao

V-ndpasiMding\Gells) SGikasis catturomicdr art thos@bassd i dommercially available
V- bi ndi ng Annexi n_V-non-hinding cells. Suitabl

et s Ghe bfein & B €GB RSO ORmGIs ANy}, RPMI-1640 (Sigma),
DuBEEce sy ModlR Bt MROLAT) NN, (SR, NRler Egs6ial Medium

(MBMlg| Sighwa) Mddcowe’$ CMBNfie8i Puihecchl si Mudiuls DMl Sigma), CD-CHO
Medi um Si , cove ' s Mdifigd Dyl co. ' :
(Inyikoaeiim G0 SAIEHO SR Aksqeniarkiytire CRGdsdym tsigma), and
y @H@]-ﬁ)l i S e iy di b4 i . .
proa%r% frr?r ot el n_l\?lt}‘@élgh%%%%a ] ?m (S(ijlggrg)o. gcrgytji ngég%oélgaéald medium
inclpde$ espasificp copestenstants sedh uas iIDMSMLeB8SApantthyicellulose or glycine.

cryprotenctants such as Q_ BSA,, et hyl cel | ul. I .
Aciiiante" 2tk Brfted Snmiment o thifay Okt dhiiic agton step with
Anhddig WIOEESSrmdd RithifC2Rt praferablgP 18h! Mofe prefefred 12h, further more

performed within 24h, preferably, 18h, nore preferred .
preferred Qi t fusthermoee prefesrace $hoipost-dnawmeantrtapr ef auitiation of the

h t-th st.a [ ' f t : :

ory BB aTech Pol ee rrFlacBlasp el et ¥ o Wiaiomeyc ssay s a
furtheembfypref@iéd enbdsiatentsofahé invidnevaprecassef erred

enbodi ment of the inventive process. The invention

general ly descri bed above will be nore readily

understood by reference to the foll ow ng exanpl es,

whi ch are hereby included nerely for the purpose of
Thé linvestiontgemerally described abuvediilitet moed réduilyureieestood by reference

i nvention and are not .intended to |[imt the ipvention
to the dajowing. exBRIBSEXVhiEh are; Betebysing loc, TRl &, g purpose of

iiluSrAHEA & &idin ChiDMRRReRRBT1RE pRYENY invention and are not intended to limit

the invention in any way.

EXAMPLES

Abbreviations

BSA: bovine serum albumin

CHO: chinese hamster ovary

DMSO: dimethyl sulfoxide

ELISA: enzyme-linked immunosorbant assay
FACS: fluorescence activated cell sorter
FITC: fluorescein isothiocyanate

MCB: master cell bank
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DVMSQO  di met hyl sul f oxi de ELI SA: enzyne-| i nked
I mmunosor bant assay FACS:. fluorescence activated cell
W@ 00bM810638 TC. fl uorescei n i sothiocyanate MCB: PEBERI005/055784
cel | bankPBS: phosphate bufféred sal i ne PCR:
pol ynerase chain reaction Pl: propidiumiodi de PPCB:
post production cell bank PS: Phosphati dyl seri ne WCB:
wor ki ng cell bank Methods Cell Culture Cell banks of
pPBSever al ;ﬁd@phéﬁqﬁﬁ%rQﬂSQMé | ines used for production
and devel opnment of bi opharmaceuticals were
PCRhvest i gutiyneraselchadn reactinBs used are proprietary and
.their pr j I t may not be revealed. Al cell
F>I'I i nes usogésigihrﬁr'cg(gg%ti on and devel opment scal e were
PPQBt fnt ai st produtipalcei @adkt ock cultures in
surface-gerated T-Fl asks (Nunc, Denmark) in incubators
PS:(Therm,'ﬂ@ﬁﬂﬁ?ﬁﬁwls%rﬂn%parged spi nner flasks (\Wheat on,
e o) inﬁ@&ﬂgf&ély)é’rﬂ@i gned i ncubator roons at a
tenperature 37C and an appropriate m xture of air
and 5% CO2. Seedstock cultures were splitted every 2-3
days with an appropriate splitting ratio and seed
density. Cell concentration was determned in all
MefHddsur es by using a haenocytoneter. Viability was

—assessed by the trypan bl ue exclusion nethod. The

Celt Guiturees origi nated from master, working or safety

cof i B AT Sy B A8 g5 s aoveoomons
of Hbph@PeicHutiears weekinbbatigated. Al céli lihes aded arorprdpriétasy and their
and under strict procedures conmplying with "cur

d | th t
proteio el raax et big reveaiad. Alkcqlbings) uUsed at RigAketion ARddgvelopment

sca?'%\?/\%g?i@giﬂ%?ﬁéd it 8&nal %’égd%fb%i(rcuﬁﬁfg’soiﬁi dUrRlR e alRf THfasks (Nunc,

yopreservati o
Denmark) in incubators (Thermo, Germany) or sparged spinner flasks (Wheaton, USA)

in specially designed incubator rooms at a temperature of 37°C and an appropriate
mixture of air and 5% CO.. Seedstock cultures were splitted every 2-3 days with an
appropriate splitting ratio and seed density. Cell concentration was determined in all
cultures by using a haemocytometer. Viability was assessed by the trypan blue
exclusion method. The cultures originated from master, working or safety cell banks
and were thoroughly tested for sterility, mycoplasma and the presence of adventitious
agents. All operations took place in air-filtered laboratories and under strict procedures
complying with “current Good Manufacturing Practices (cGMP). All culture media used

are proprietary and their composition may not be revealed.

Cryopreservation

Freezing and thawing were performed according to standard protocols and the
fundamental law “freezing low-thawing fast”. The cultures were taken in exponential
phase from suspension cultures and were frozen in 1,8mL plastic vials (Nunc, Demark)
either by a computer-controlled freezing machine (Consarctic, Germany) with a
specially designed freezing program or by a Styrofoam box in a -70°C freezer. After
freezing to -100°C (freezing machine) or -70°C (Styrofoam box) the cells were
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Freezing and thawi ng were perfornmed according to

standard protocols and the fundanental |aw "freezing
WO owoiohes ng fast”. The cultures were taken i NnPCT/EP2005/055784

exponenti al phase from susped&i-on cultures and were

frozen in 1,8m _ plastic vials (Nunc, Demark) either

by a conputer-controlled freezing machine (Consarctic,

Germany) with a specially designed freezing program or
tran*éi’er?edsw ia{iRR AtRREN! ForftanéPs)Oviblse aees -stdvetiein feegas hase of the

000C (freezing machine) or -700C (Styrofoam box)

nqumhmtrogen {<vka02C) ahke el sancentratipu i thetfreszing vials was 1-3E7 cells.

omBEL iR Gerthth] HE%8e8t Hnd dlobdfesidh Bl &7urfeniydfion of 10%.
Thd B@taﬂlé@@?éeﬂ_ﬂwg\/ mdldfa Weed bkrélalsa pidpi’let@md ircéomposition may not
rmany) was used as a cryoprotectant  at
be Gomei IGHOWSIB Watshanss HoaniT7e0 Waiss han diuled witappropriate
e S O 4 o P AR vt s
in chaivAtiod mMadie® with & definedpell abrcertrditiom.and centri f uged

(Therno, France) at 180xg. Subsequently cells were
seeded in cultivation nediumw th a defined cell
ion.. Flow Cytonetry o G een Annexin-V-FITC
Floa/o(g%m(fr@; fluorescence were neasured with a Coul ter
Gre@ml AanestinV-6W € yandmetdeP | {I@restcence Geremmagsured mgth a Coulter Epics

032 ft . t t liglt t 488 h
B en e Sy Sulhb RS a5 Srhhse, ERRIRn Ves sctod
at Q@ﬁﬁ\'n(% gg)‘ﬁ oG BAasS n{e?a%@étl')uéh%t #icS staid®achand pass
sanpl e nts for apoptosis and 000 events

(530@20mmp |am:ydomg grasisy &+570nen)e filtetss uine @aciDasamples €10.000 events for

N L T e Wy S

wﬂﬁ“ﬁﬁ@E&BStSQ %@IWMO? TINbisetigiimatBrsswebn rﬁea@dan?tﬁabﬁ’d)tbtlc cells, the
was added in parallel to Annexin V to th

memhm@wnparmwbm &)NAs stadutrepigium ripdige (PID gﬁ%ﬁ)@é’ﬂ&ﬁe‘n Dara"el to
t {
ad RGPS EBE Y Ll B XEARRAIL oot gscrminat
betWaenpaftal, csdrdapsstoticli lat-apoptbdevandl necstiproatlscohe annexm V assay
Bect on- Di cki nson, Gerrran The o0 cells nalyé
waarmrf@ﬁ@stioaﬁcgr%g tad%t\fﬁ‘r‘ﬂ@ﬁs BYOtore %c%%Qf\fArﬁcﬁsﬂson ermany). The
celgg\{agll é’(fl?ﬂﬁ a@b@i@.@@ anﬂflé@gg fHﬁ\ngtanetry Propidium iodide

s’ wer e 't aken
stafrii mgTwaelfurthellsmISioodstevmirhmaﬂ dylcieadlstrrbutlm]l Sampieswere taken from

oo At AR B3 L 2P EAGCHA ashec win PS

(GiBEdedciffiny). Then, the PI staining solution (BioSure, USA) was added and
incubation proceeded for 30min. Subsequently, cells were analyzed by flow cytometry.

The proportion of cells in each phase of the cell cycle was obtained through the

Multicycle program (Phoenix Flow, USA).

Results

Quantitative analysis of cell death during the thaw of cryopreserved CHO cells:

Although it is known that CHO cells die when cultures of cells are reinitiated after
cryopreservation the kinetic and nature of this cell death have not been described in

great detail. To quantify the extent of programmed cell death in cell cultures of CHO
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i ncubati on proceeded for 30m n. Subsequently, cells

were anal yzed by flow cytonetry. 5 The proportion of
w@ed®sioes each phase of the cell cycle was obt BETER2005/055784

through the Milticycle progrd<{Phoeni x Fl ow, USA).

Results Quantitative analysis of cell death during the

t haw of cryopreserved CHO cells: o Although it is

known that CHO cells die when cultures of cells are

cellée'dﬂx'nhbattﬁg eﬂ‘r&.t‘i"rh@uﬁéoIoeifﬁre'fﬂ*&ai)virﬁ_j1 vee deéteAhinedantle amount of
ture“of this cell death have not been described i

n
phogplaaﬂudwmrmel displaygdaom theyouties neembraneoef GHEY callere@HO DG44 cells

TR O S G a—
Weﬁﬁ@tség{eb?*z‘éa’é el 'b%ﬂkdﬂfmball@lﬁ O?@hehh@dth &ICHeBrhed p?rbductlon cell

4 cells an rivatives of this cell
line The Qﬁllénankd@w 9@@@@"‘?%W'tbr%ﬁﬁég'ﬂgrmﬁ?"um frée of animal components,

L

vuabllltgeaftéfrpmaﬁh&h Céthé( v\lme Qealpzed by dwuthhe sstainengy with Annexin V and
medi um free of anim t

propigbimiowite &1 HiEmparaniey DRy 1. SthspE vandugh Aguh Peycentage of
appggk hﬁt@y‘@@ﬁ'Adr{e&lrﬁflt;ﬁ{]slt%%"%%%%%i B F§hieavdrycend were placed

alnin Annexi n a proptdi um i odi de
in cattivatior rpenimtrs(om,, m@l'easﬁ‘rg tovdlmash §0%8withim thiegfirst 3h and remaining

o L e s st

i i
the#a’é}( R d? | rst 3MWG dels VRRSIgaghbe behwi®sr 3RGHd 24h post thaw.

in the d remai ning at above 40% for the
In dontreist #Bthaiothe amaunt 6ioP! aomwltx;mnal@ed relatinely low lmmedlately

o e B S SN TEIA K 3H4b4 1 apoptoss

PSGoRididfed 6n thdtell SDFaddBHAARexN VRSIADS itiargal. I8 this early phase
remained relatively low imediately after thaw before

thei plasmer masddane ik stil pbiete pzs@lvd@ Rand, thesecligi arpahnnexin V +/Pl-

F@LU icg)v%eﬁglpﬁﬁ]togyﬁg{as%l b ﬁéﬁtﬁfdce‘ﬂg IBP Ctﬁéilr plasrina membrane

mté@jmya andttAgir RibiyTeo @m‘udarm Trhegé ldté wbb&)thoceklscaradmrmxm V +/Pl+
thus, cells are Annexin V +/ Pl -

(Flgurghi uRREST Heft) quasiraatl gk BAtafgre, dhese ex %% eﬂl‘r?ef]i?mms"ate that the
trarﬁ,%ﬁgﬁfﬁ@ﬁ%@nt% |t t%gz%éc ﬁggpﬁs sid'6hly drs ta)ftetroché)?%ﬁéehours post

_ e apopto are”Annexin
thalFi This ds lalsaizeen ini thiet foqwart-side) scaﬂeercbagnam (Flgesee 1), showing an
experinments de rate that, the transiti nfrom

incfasPalre VEDA TP BBl DT INgodentiiey e hedRR &Ryt 1) at the
trahQH6S pBRR around 24 hours post thaw.

Post-thaw analysis by Annexin V staining serves as predictive early marker for CHO
cell bank quality:

As quantification of apoptosis by Annexin V staining can be performed rapidly for a
high number of samples it offers an attractive method for high-throughput analysis of
different cryopreservation methods. We analyzed two CHO cell banks of two different
CHO production cells by Annexin V staining and compared these data to trypan blue
exclusion staining measured for six passages in culture (standard thaw control). As

seen in Figure 2A, the amount of phosphatidylserine-displaying cells varied
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thaw. This is also seen in the forward-side scatter
di agram (Figure 1), showing an increase in very snall

W@ dtbd51062pr esenti ng destructed cell bodi es ( FPQIER2005/055784
at the transition point aroud@ 24 hours post thaw.
Post -t haw anal ysis by Annexin V staining serves as
predictive early marker for CHO cell bank quality: As
quantification of apoptosis by Annexin V staining can

sigrﬁﬁc PR HRANBEN CarldsthaREd 3rdih #he fWoraRferdht SEINBEIRS (B6 % in thaw 1

an attractive nethod for high-throughput
versamsy% i dthawli 2)f dinenclassigothawdng wantroh (Migurepéd) shewed the same

TR P T —
derﬁcﬂ'%ﬁ:%té’@'éadrb‘é fo §PANpEToHE tiax elitsrieOrzcov et 1t0a neatsilityest more than

for six passages in culture (standard thaw control),
909%Adoutcdays ROSt Iz gontrast tonrjy 60% of cells were viable 24h after

Ll S n i o
thafl 2 S e Boke s Yot Badi 10 36 PR vibliy,op detemined by trypan
blué eRcldsiohe Aasdll ekl ofhmslcmadlfiﬁw%lwrclearwndl heesuitabl® fona commercial

thaw 2). The classic th trol (Fi
ProguaIRsbiareSSahosa BRI PURHET G AerOResaselALUiF Pripentage of cels

dls@g% 'B5 Kb"i‘ﬁélgbgﬁée E)f)é?ﬁ‘gt s e ?hfc%ﬁ{ee&t cIQ@sﬂ&%aVV hg\Wohtrols as early

stra rop ore the culture
as Gleposiethad.to a viability of nore than 90% four days
post thaw. In contrast to that, only 60% of cells were
vi abl e 24h after thaw 2. This culture took el even days

Cell ®a ﬁacﬁféllﬂp%ﬂ 'V%W 'drébﬁaﬁéal?@émbﬁyﬁﬁd/ff@yeﬁtfdemalmé@l \egyopreservation

exc A cell” bank of this quality would clearly
promnols)endquabtwmfcultwaao@mﬁ@fvl al production process.

Thes dat . si,ngl
5By SRR b S0P RSt 5215, A 2Rl bESkpsmens we anaed 2
nurﬁbsﬂbﬂc’élltm@uwm pGaasesl baaké rv@ereogémhmdasnne containing
early as 6h post thaw. Cell bank quality can vary

0.88% BSdY inctael freezing grediums ther @lher ean lmnshég BSA buta 50:50 mixture of

corli e 8 Y@ob e 267 YopEll R BgLI B Ing el Rt signiianty

|ov¢éam5tegtal édr%mgm bowe fesezing rbdia. rurtiermoie, o beneficial effect
banks. 4 cell banks were

of AU B ompaed 10 B1RENGES T EORGIPIAY ﬁ?%’@dretwf?esr only evident
TR B ERErGRed 0, 20 T XLe o eond L onr,
showed significantly lower rates of earl y apopt 0Si s

Usfgf%rf @g?lw)ofs;-teh?azvb ggogt%g/samegg&rtepn%r 7 for faé?t track ecfje\}:e'lgﬁment strategies:
As time to clinic and market supply is a crucial parameter for successful development
of new biopharmaceuticals there is a growing interest in fast-track screening methods
for process optimization and process improvements. We therefore determined the
feasibility of using Annexin V measurements just 6h post thaw to evaluate strategies

for establishing successful cryopreservation of new CHO production cell lines.

We surprisingly find out that early post-thaw apoptosis measurements are a sensitive
tool for assessment of raw materials quality. An essential factor for successful
cryopreservation of CHO cells is the quality of the medium used. Generally, GMP

includes clearly defined expiry dates for use of media for culturing CHO cells. We
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Met hods Mol . Med. 2003; 85: 323-32. CLAIMS 1. Use of

Annexin V in a process of characterizing a

CL&]%\)‘Qpreserved cell bank of CHO cells post thawing. 2 .
The use according to claim1, characterized in that
sai d process includes the steps: a) thawing a portion

1. @%ﬁ %?lélgﬁpgifni \72‘ i@%ﬁﬁ{:%?s&ﬁ@ﬁqrégérig?’@%g[}%rléén’%&é%{l I% I B3ink of CHO
eelld posdthAwivgnexin V; o d) detecting cells and

quantifying the nunber of cells that binds to Annexin
V; e) detecting cells and quantifying the nunber of

o) i nd W Moatfohi i .
2. i LBa bl iafh ToehAcHIEs i Vot Cheploebatrites o teps
é/);tlhgwtlriig agﬂiqnmm?ﬂh¢als oﬁlg crybprfesénmmetli bank;in a process
0 et erm ni ng e quality of, Il bank of CHO
oeultivatingesad Reline GHETREHHY udes the steps: a)
QNGB $a ooty SR Py T on of the o
dy detprtisg cektslane huantifjingahd nuetberisicrlls Hyat binds toAnngyin V;

said cells in a culture di d i, Shi . .
o vateetipo Palsady StanthPeahEa unsrorsang fd: 1ol it Annexin v:
gedah I the rARE BX ARnYxind/-bintiey YS EAmTS@T Vimen-bindirigacetis.
, Characterized in that the Annexin V staining is
provi ded by. a) incubating the post-thawed cells wth

3. 1RAc Ragexia, Vin ekl b b dnil ﬁw%f‘/ﬁﬁ%l;ty A% L bank of CHO
RNk SwRBRbII Ui bfodeRS indisdérmeastepd: cel |'s that do not

bind to Annexin V, d) calculating the ratio of An '
¥) bmwireﬁderv&t.mgamﬂ@xnk RA R BlidHie foedigm as a o3l gk "

b) thawing a portion of the cryopreserved cells of said cell bank;
c) cultivating said cells in a culture medium;
d) establishing the vitality-rate of said thawed cells by staining said cells with

Annexin V.

4. The use according to claim 3, characterized in that the Annexin V staining is
provided by:
a) incubating the post-thawed cells with Annexin V;
b) detecting cells and quantifying the number of cells that binds to Annexin V;
c) detecting cells and quantifying the number of cells that do not bind to Annexin V;

d) calculating the ratio of Annexin V binding vs. Annexin V non-binding cells.

5. Use of a Kit comprising Annexin V for the characterization of a cryopreserved cell
bank of CHO cells post thawing, wherein Annixin V is used to determine the

vitality-rate of the cryopreserved cells post thawing.



10

15

20

25

30

5. Use of a Kit conprising Annexin V for the
characterization of a cryopreserved cell o bank of CHO

W@ ilbd56St t hawi ng, wherein Annixin V i s usedPCDEP2005/055784

determine the vitality-rate-80-the cryopreserved cells
post thaw ng.6. The use according to claimb5, wherein
the Kit further conprises Propidiumlodide Staining
Solution in PBS and Annexin V Binding Buffer. 7 . The

6. ﬂﬁegu@& “a%gllcﬂgq Q@ clifi 8 whéreirP the Rar fagher cémprises tHrepidium lodide

pr ocess etermnlngthe vitality-rate include
Srainmgeduiutiarn) int PBSiang! Anpexin VoBingingoBufier. of a
cryopreserved cell bank; b) cultivating said cells in
a culture medium c) i ncubat i ng said cells with

7. 'I‘an%é '&ch’or g ding Betiamh isner 6 etharastedizad inthidt thengradess of determining

nu er of s that binds to Annexin V: e) detecting
V@lﬁ\l‘reﬂtqu@@iud@ih&@tepﬁe number of cells that do not

¢
9 Bl PR T el b Il T ROR PR e, 1 oe "
BeaMiviing da0d a8ls mruac@liurelraemml to 4, and 7,

characterized in that the incubation step with Annexin
&) ingubrtinacsaid gells WHhANEXINHYst - t haw and start of

éétﬁ}X@%é 8ﬁlls°5ncﬁ grﬁlar;hggmﬁ thd num-HB? di e8NS iR biHdidotMnexin V;

ar ac n that the incubation step
@) détebtimg élis ahd quanﬁtfj/mlgrtlael nwmbierof egllp that dpﬁmmmjto Annexin V;

start of cultivatign I 0.

falsuiting s Taify ob ABnBK A Birkg % Saext i gbiinding ggie
in that the Annexin Vis labelled with fluorescein

i sot hi ocyanate (FITC). 11.Process of characteri zi ng

. Q‘hélushaaakcmﬂlrg—[b aeylcme atclaimag tnd, an@lpz Cfaqrapremeﬁgn that the

o ft{af;@ﬁf'ﬁtg;as& érgpq)gnl g PRI Hﬁ%ﬁ lgﬁﬁ %ﬁ?ggte—ﬂ@w and start of
g&?ﬂi\}éﬂ‘bnﬁth gdlating said cells wit h Annexin V; d)

tecting c 's and quantifying the nunber of cells
t hat blnds to Annexin V; e) detecting cells and

| %%g%ef qugg(a?gﬂ:ﬂe% | ngr%ﬁé}’?eéi B%aﬁfﬁxﬂﬁé&%g% dt€p with Annexin

Wy e ﬁé’ﬁé\gné@wnw podt=—traw And dtaryoeailtivatiohof the oelis s
of neasuring the vitality-rate of a cell bank of CHO
cell's post-thaw ng,

10. The use according to any one of claims 1 to 9, characterized in that the Annexin V

is labelled with fluorescein isothiocyanate (FITC).

11.Process of characterizing a cell bank of CHO cells including the steps:

a) thawing a portion of cells of a cryopreserved cell bank;

b) cultivating said cells in an appropriate culture medium;

c) incubating said cells with Annexin V;

d) detecting cells and quantifying the number of cells that binds to Annexin V;

e) detecting cells and quantifying the number of cells that do not bind to Annexin V;
f) calculating the ratio of Annexin V-binding vs. AnnexinV-non-binding cells.

12.Process of measuring the vitality-rate of a cell bank of CHO cells post-thawing,

including the steps:



including the steps:a) thawing a portion of cells of a

cryopreserved cell bank; b) cultivating said cells in
Warotapoprospri ate cul ture nedium c) incubating BEl/@P2005/055784

cells with Annexin V; d) det@dting cells and

quantifying the nunber of cells that binds to Annexin

V; e) detecting cells and quantifying the nunber of

cells that do not bind to Annexin V; f) cal cul ating

NRaty o?f'é\f‘cf@ 4
%} ﬁ%nﬁy le ng c s|,|§ ofg¥ @g?fg%gscg"??fgrdl ng to

I(aJImatm% said ¢&l)s iokaar amreprla&bulwrQ madigme i ncubati on
wi.t h Annex erf rmed within 24h post-thaw
é gtgagng gd EE*%Y"XQ \9’( he cells. 14. The process

RCERBEAPCcIR &#cﬂqﬁaﬂtﬁymg hRé aghwerbedenmmam atndshe Annexm V;
I'ncubation step Annexin V is perforned wt

5 )omtecmweusoaryt auantévm@ah@ PyEbies of el hat deinal b'”PstO Annexin V;

UREIEIREB D BEARCL hAflek \PBIRCREY S AT rch bR el

fluorescein isothiocyanate (FITC) -1 abell ed Annexin V.

13.The process according to claims 11 or 12, characterized in that the incubation step

with Annexin V is performed within 24h post-thaw and start of cultivation of the

10 cells.

14.The process according to claim 13, characterized in that the incubation step with

Annexin V is performed within 6h post-thaw and start of cultivation of the cells.

15 15. The process according to any one of claims 11 to 14, characterized in that cell

staining is performed with fluorescein isothiocyanate (FITC)-labelled Annexin V.



