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WO 2006/051065 PCT/EP2005/055784 -1- USE OF
FLOW-CYTROMETRIC ANALYSIS TO OPTIMIZE CELL BANKING
STRATEGIES FOR CHO CELLS s FIELD OF THE INVENTION The =
Wisr @S ntion relates to the production of biopharmaceubCaIERRIGHE 784
cells. Particularly, it pertains to the géﬂe?ation of master-, working- and
post-production cell banks of high quality via cryopreservation. More
particularly, it pertains to the propagation and characterization of cells

cr r 5 . r n
T AT AL VRS, OGP BT nanG
flow cytometric (FC) an&VBI8 BEAIER GOR-CHMLELLS for

high-throughput characterization of cryoperserved cell banks.
BACKGROUND OF THE INVENTION 15 The market for
biopharmaceuticals for use in human therapy continues to grow at a very

FIRIGH sterpthpvesthdegade. CHO cell lines are one of the most attractive
mammalian expression system for production, safety and regulatory
The BNt (VERLGR. THBIES 0N DR BAME S Ui RP HALTHEHCEL I CHO cells.

Paokenty sitstenatfdheseceibrisratios afuciati€irealiwhingMastgydSelhroduction cell

Banks.(MCB), Waorking Cell Banks (W Bﬁa 20 Post Production Cell.
P2 (e P L oD O SRR 2 T RSt peiains 1o the

Drmedaﬁﬁompmm&migptwmﬁs@mmgsﬁm bemmw:m_er_u‘umgﬁtgnd post-
prObdRESE RANKSARL HERhSRR! SRNBIRUGR: Wﬂk8ﬁ!bbﬁ%‘?&f§5t§“9'9@ven strategy

development of the product but also ultimately the market supply phase.

employi e parmetien friak enalmisrizABnaxit Yaftaiord ealisyianiightiBroughput

chiaetarasH Y\ 8bsriEHRY ealivafrs thawing. Moreover, besides t_he
long term survival, robustness and stability are also essential properties

of a suitable cell bank. The time it takes from thawing a vial to
B asiahishmginosuimr quituresrgimbust growth, genetic stability and high

T R o SRS ASR U GaR 2hb o B BBy GrFlidues to grow at a
veparbigietexiton rémainsttatseackeer @Holosih ddastorageqreriad dfehenbanlatiractive

m!f’e!-l&t‘aef%% C&?g?gé&fé%“‘@sﬁ%‘?ﬁ'%qe%&é?ﬁome RIRPLRL CrIgRISRRV alBsts. To
or a given production cell Tine.

ensure therapeutic products of uniform quality, the cell banking system of these cell
lines is crucial. Creation of Master Cell Banks (MCB), Working Ceil Banks (WCB) and
Post Production Cell Banks (PPCB) of CHO celis are essential steps in development of
production processes for biopharmaceuticals in that cell iines. 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 celis 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.
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WO 2006/051065 PCTIEP2005/055784 -2 Today an increasing number
of biopharmaceuticals is produced from CHO cells due to their ability to
correctly process and modify human proteins. The first generation of
CHO cell-based production processes almost exclusively required the
prosemneesthbs serum in the culture medium. Safety and reguletorgrhesafitsss
led to development of new cell lines ané culture regimes that now enable
serum-free cultivation of cells throughout the process (Merten, 1999).
However, the removal of serum from the entire production process also
requires cells to be stored in master and working cell banks with
serum-free freezing media. A variety of strategies have been described for
TlpioabaRkTEG R SRR LS BpreRR pRistifap mduabtonaiGhikacells due to
tRgietiabyise piaesrtbetpisiesive e Gl HUMAS Il THOI generation of
#ﬁ)gﬁve@[ thegucg}r(?@s of arr% such St@ﬁ%{h%%% depends on the cell
| R S e RS TR oA MENirgRA Hapepresence of

sevai dtithve afulliffer erddioyopBasely atid vejiidegip s énekisdatabidevelopment of new

c fu evel n rrently the first assessment of.a
BT i ST RS e, Tt eludle SRR R A or cens

thianobAdt dorurRerselMriten 1 6998 shigueves frr repvahahaabinfras the entire
pletRITIREErBYdE¥ ARG BB UNNE AT DENSEAING HSRH BABIHER, el banks

dglscribe the recovery of cells after ¢ryopreservation. . 20 Programmed
) SRR PR GRTAE oSl RIIRYRS BB Qeserbed for cel
baetkaigprhealiahy tissypdigopedsidarssntithe aduibragaateasthadibdeatiplace the

d%%%{gg% i o Q¥ %ﬁ@@ﬂ&ﬁaﬁg%ﬁtg 4o lj% S poNRsrNed agl;%:ess of any such

r organisms converts d deatH inducing Signal’in

strtagy gy depriiR anptist esldinanHieHmadivaianddig peloapldor freezing and

tRMREITHIRsIBIEl Ul ANe ol OVfsrsR rRRSYRIIIPMhENIES is essential for

triggered, apoptosis proceeds with different kinetics depending on cell
Swgc%%?ﬁbpéé)ﬁ%ﬁ%affsg%m“‘éah disruption and formation of apoptotic

bodies. A critical stage of apoptosis involves the acquisition of surface
an%]? fxipg @%’&k‘%ﬁte ntually r inthe,r ifion and, the .

upta e@zsﬁtﬁese cg%s yp a&ﬁy@%iﬁ%ﬁéﬁ%ﬁa@gﬂﬁs&gg %%Ror%ed tby thawing a
defined number of vials and culturing cells for 5-10 passages. Cell number and viability
as determined by trypan blue exclusion are the routinely used parameters to describe

the recovery of cells after cryopreservation. .

Programmed cell death or apoptosis is a process crucial for proper embryonic
development and tissue homeostasis in the adult. Programmed ceif death is controlled
by a specific subset of molecules conserved in all multicellular organisms that converis
a death inducing signal into intraceliular biochemical processes, which ultimately lead
to the complete destruction of the cell (Vaux and Korsmeyer 1998). 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 chah_ges 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) werg

previously described. Phospholipids are asymmetrically distributed between inner and
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30 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.ipner and -3- outer leaflets of the
plasma membrane, with phosphatidylcholine and sphingomyelin exposed
on the external leaflet of the lipid bilayer and phosphatidylserine

outselfsfiiartly BBselRBNDMANRIREFs ME PRIV AP EGRRBISCHIE sphingomyelin
expBHIRIOQIRY MROPESGSREralcbpdhe ghogrholipid asimaetryat theosphatidylserine

plasma membrane and 5 expose PS, which is translocated to the oute

_ ’ |
pregoRHRR R MBRMIMET OThiDBclNE IS thaeR P pRYs S CRRbib Glf undergoing
apéispilgliaarvhish the eaibaaiphpedemamstrintact sk epRRSHEL Bembrane and

thus, a early and Wide-%)read hallmark of dying cells. Annexin V,

eXRRIENg g H h e aP LREeE 4D IamRHE pidYEMST Hie RRBIRRRNGithhis occurs in
th@@%%ﬁ%@%@{gﬂ%ﬁ@ﬂbﬁ@ ?@V%ﬁlﬂ;@%rﬂﬁffumw iﬂlwéeﬁ%qﬁih%embrane remains
. . apo totic cells since It prerer ntia Inds to negatively char .
Intagtto Esh SR P THING SRILANS BF9SSPISRM RAURR g cells. Annexin
Vv, bidingyiagohesphatidylohplingiabevepbihgeimiglinofCipasgessn B annexins, with

asymmetry analyzed by measuring Annexin V binding to the ce

I _
antiGeAMIANE REREHLESfRASHRIONE hdPhREIFiSFH sdBisaing pprtotic cells
sindeapirererestdieringd heferganambthaegategrivspiasiiisias ikeBYS in the presence

conpygating FITC to Annexin V jt is possible to identify and guanti ) .
Of GEBoRBLe RO QIRBE ol BBy o) Gy ALY (AR B & sPhingomyein.
Chﬁﬂ@é’s ﬁmﬁaﬁggwimﬂmﬂswitméﬁﬁfﬂc@m%@r@erminding to the cell

uorescence) and the non-vijtal dye propidium iodide (red fluorescence .
e ROt RSP RIE B AR RSHCaH PSR S5 Qe et apoptosis
ocRarycpaaptoifoteFenriaadirigripopietiostr necrotic cells (FITC+PI+).

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

By odiugiinmeihinpharmasexiicaist s iessisianioddyritily Axddigciosifyeapoptotic cells
uality meaps, post thaw vitality, robustness, phenptypi etic. stabilit -

on IS P AR L AL B CeRo PSR ALl AMb i ous staining

of stelrEingifroml ACcAmmseBe Vel nelirbdinkrésesdissloante isdaredhotathgye propidium

. surp isiggfobservation that N . e :

jodide {re juorescence) allows (bivariant analysis) the discrimination of intact celis

(FITC-PI.), early apoptotic (FITC+PI-) and late apoptotic or necrotic cells (FITC+PI+),

SUMMARY

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
disclosure, 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 disclosure is based on the surprising observation, that
programmed cell dead, particularly apoptosis, is the major cause of cell death after
thawing of cryopreserved CHO celis 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 guality of the CHO cell bank, which means with post-thaw vitality, robustness,



10

20

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 30 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
pheid@ melbearkicndiabilityeand Withgp tatrth pre séaldyiompstibssobéerved when cells

henotypic/genetjc stability and long term preservation_quality, observed
oo R R e e e e e R REERET, rurnermore
dermasdesiedutthardhonexidevMoestratedahbe Ararerint idatetitadtey madkeosis in CHO

0 detect early apopiosis,in.CH Ils th ve been thawed after
Ce%’r@%%fﬁs%r%&%%rﬁ%%‘ﬁgdd%fgf%s%ye% %%rse%%%}%gftains to the use of
Annexin V in characterizing a cryopreserved cell bank of CHO cells.

Particularly, the disclosure relates in a,first ect, ta.the use of Annexi .
Thg, AN RIS SRS I AN R IS L B Roterizing
cryppeablygd et ybafindr tfaling acpbstiofasticalariyf dheh disdtisiOdarlkates in a first
ceording to a further iment.o ISC id process
2 e R & e IRE 8 cryopreserved cell
batjard, G lbedisngprafierablis sincatbu ladier tieziing ¢ pediostiog sail cellsuch a cell

jth n\: d ' q ifyi mper.o
D ) R D e e B RS Tl the
stetimtaldimawbiod tposiimiexinog|is) ehicarxtigeder vatoos!! benknibdxdultivating said cells
. -bindi exin V-nan-bindi dj further ;
I e I S SO MR 28 et oslls and
quantitideg dheetenmipitg ehecglialithalf HIDHD el Ararikivhéres) sdedecting cells and
ingcl teps: [ ' tS ] Torll] -

oo d{ 515D RN M0 SIS NI e o of
Anpéxiid/eeinBingkve) Aohwsinng-ruziddetiéng zedalture medium; d)

establishing the vitality-rate of said thawed cells by staining said cells with

Annexin V. "Cryoperservating cells into parts" in a liquid medium means,

Acthsdiegcto sbfurtiocz roBEMwRIG dhe fitselnsureralso nestaimsfta thguise of Annexin
V im%dﬁS%%sg RS R LRI AP R tL PRI UBINGISHR IHSBIE said process
includes the steps: a) cryopreservating cells into parts in a liguid medium as a cell
bank; b) thawing a portion of the cryopreserved cells of said cell bank; ¢) cultivating
said cells in a culture medium,; d) establishing the vitality-rate of said thawed cells by
staining said cells with Annexin V. “Cryoperservaling cells into parts” in a liquid
medium means, that each about 0,25 to 3E7 cells are frozen in one to two mi of a

liguid medium in a container. Per cell bank, about 200 containers or vials are frozen.

The disclosure 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 disclosure , 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; ¢) incubating said cells with Annexin V; d} detecting cells and
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The disclosure 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 disclosure , the vitality-rate of 30 cryopreserved cells post thawing is
determined by a process including the steps a) thawing a portion of cells

quiifhRPRIESSYReHes! barkiR) MEivBIGSad Aplieinf WUlRIreiRedtie: cells and

c) incubating said cells with Annexin V; d) detecting cells and -5-

quaifitigiteetmambabef 6eteisahdeoidPindaimarinexinVadeaipglaing the ratio of
AnRBZnavantiting the AWRBEHOl GRS - ALY N RING {pthERRE ihY disclosure also

calculating the Tatio of 5 Annexin V-binding vs. Annexin V-non-binding

proyifies pulthsiaropEising ARBRMOY 286 PRAEsSR RATFirlsigaiiteinformation to
use/ ANLRiRAZKAGS HalRlipsng hedifeaRrtioNdAsR ANBPHE ientive process,

characterization of a cell bank of CHO cells by the inventive process,
degefiebB8Eein. 10 The disclosure further provides in a second aspect, a

process of characterizing a CHO cell bank including the steps a) thawing

a portion of cells of a cryopreserved cell bank; b) cultivating said cells in

ThedisgrewieatertiMuPEavEaRIn; 2 SREAMAATHId 2 ARG Hiriarriering a CHO
celﬂﬁmiﬂﬂzﬁﬁﬂﬁ@’ﬂﬁ:&é@?@fﬂﬁgﬁmiﬁg@Qﬁfr%ﬁ%lﬁd@ﬁé BINET I NEEXDed cell bank;
S an

V; e) detecting cel guantifying the number of cells that do not bind to

b) GHRRIPG-Sa8 §2U8CH AT RRECRITRRAHES M SokiRirey (RCURaNagrsaid cels with
AnNeRaMpingdingieeting \CON ARE Kuartiney erebadimeioedisaiesvds to Annexin

also provides a process of measuring the vitality-rate of a CHO cell bank '
V; b SetREHNS RSt SHATUTERS AN TR B Gr6ln BEtIR BPLPING to Annexin V;

f) ceivopigsgired eelh ARk CItYasiRgisgidLelRiRAR LOrRPREMGIAR cells.
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

AcESHsimg druRrRifx g thenbyanbesaf cells Wiskbrsners binsbtoofengetn ¥: fprocess of
calculatirllf% the ratio of Annexin V-bindin\%vs. Annexin V-non-bindiré?ncells

megsHiRENEREERPRION DR FHE DA PRRiTReWEHoicidng the steps &)
thaiaePHErabaelideaty ef aHE, epheaidiver) nasit exeRIBRIIYEIAINCEHRY cells in an
DG44 cells were frozen using a freezing machine at a cell conc. of 2E7 .
apRiRIAdE culture medium ¢ Incubating said cells with Annexin V; a) detecting cells
and gquantifying 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a Fingerprint of cell death of CHO cell culture post cryopreservation.
CHO DG44 ceils 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 celis
are shown in white. Lane 3 depicls propidium iodide (PIl) staining piotted versus

Annexin V staining. Dots are grey according to the forward versus side scatter gating.
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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 30 X axis. Gates were set to distinguish cells
that represent dead or living cells as judged by their morphology. Lane 2
whows/thw&ame graphs and Annexin V positive CHO cells BI&/BPaynyn§ii7s4
white. Lane 3 depicts propidium |od|deQF’I) staining plotted versus

Annexin V staining. Dots are grey according to the forward versus side
scatter gating. WO 2006/051065 PCTIEP2005/055784 -6 Figure 2 shows

Fagnre%ts&b@o%ﬂéwgw %a@am&m@%&%&%&a@w/baﬁdd@ué%@% CHO

were frozen Using a freezing machine at'a cell conc of 2E7 cells/mL
D@f-beolurevatisabHRAg s HraeisOmbinenat sizeedf sReccell bk Gpds/mL in

9022 QMRlaHON: nchfamanlyRiREDMIEXIhY %WW@%@BW%@MS vials, A).
Data are plotted as forward 5 side scatte;1 gé?gé PES ates as descrlbe for

FASUANTY SR CALRRRERIY iR R h QAR LB RIG s as forward
sigmsethaw guipirdgatésllsswrecobadtén figeren) passageinnexin V intensity plot.

B)S%WS %\ﬁ#ﬂéskyaglﬁg' I%y fﬁé lﬂ%‘ﬁ r& sb 36&18 %Ue?é“@o%?é‘é‘s 3p BE%W r;‘?assage.

ent ow d| ent apoptosis after thaw
Sipgliareryshay bty %%ﬁw@%%@é‘@ﬁ@ﬁ&&ﬁﬁé%ﬁiﬁé%l%ncentration of

1 E7 or 2E7 cells/mL in different freezing media. The size of the cell

bank >200 vials, Cell d f _
FIGHEhET % SYIBTERHF B PR S AP FELAHGP tiAl e Ry OHO DG4
wacie amalyded dyréarieyi michlaminighch gaistdhaentiafioguwe 4E5hongiBeells/mL
inGEEBAERRRGRIS Measurements ol ssting pmedupduai GO Geits wero

cells'were’frozen using a rreezing macnine at a ce | conc. o )
cryeiiegasiived aBInG@ltivegionthiedahinensd a G oIME0 boKdrsiveoofiffesard|freezing

mBEaK B(@AR: A0S a rlaI S8 Wy MBI SPRERHPIGSON DS REKTOT

generation of three cell banks. Cultures were analyzed by FACS 6h post
thaw for cell cycle distribution, forward-side scatter 20 and Annexin V
Figiaieiﬂgs?iﬁﬁ?éAlkElf[bEBﬁ:&hBﬂmN Deablirtighis Ndr @ﬁtirﬁ@pﬁﬁ e AD quality.

CEBGS&QH i %“éf%r%@ NAWereiaied, ar&%é RN !m&a%o&t P etsiml

cryopreserved cells Ara thawed and transrerred to culture condrtio
in §Otamelfwatios medium and 10% DMSO. The size of the cell bank was 220 vials.

Different media preparations were used for generation of three cell banks. Cultures
were analyzed by FACS 6h post thaw for cell cycle distribution, forward-side scatter
and Annexin V staining.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “cell cullure(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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propagation and grown up of said cells to a cell culture. The term "cell
culture” means multiple cells cultivated in one container under 30
conditions suitable for the growth of the cells. WO 2006/051065
PCTIEP2005/055784 -7 The term "post thaw vitality" shall mean the
wimsmeussesof post thaw recovery of cells propagated from agivierr@athss7z4
bank measured in the pergentage of viabte cell to non- viable cells at the
time of sub-cultivation. This parameter is essential for the time it takes to
establish robust inoculum cultures and subsequent scale up for large
Tﬁe e s,pult t|on l t efRacﬁ Is & cri

L Crif ca rocessg| hTh?t  cell
"{ng K8 HELhe rEprOtaCIbl Efy fiy Wit eﬂo PG TRy of cells
pf@@é@@?@dﬁf@&éﬁ/@tma&ibt@ﬁ@ teeanwsthiiisheppagitege ataligple cell to non-

st@ItéeE@lI@ £PRstinRl BRRKIVANIRAGSH %8%%%?% ee%%z}%%ﬂ?&r“?ﬁe time it

Eostt aw performances of its 10 different via term "vial/v

15 St F A N ABL M iRUiNESSORRA HEDSRBVATEIISS @leigp for large scale

cunviaps plneidors aETicslipriitonepadnmtof a liquid medium. The
term "phenotypic/genetic stability” of cells is defined by the change in RNA

and protein expression level observed when cells from a given cell bank
Theeteuntivenbustvess! Sdapwiied didimepretiainiity thighgivhictprosiessitures recover

afi@%%ﬁr@séﬂfa@@ﬂuéwéﬁlgqg ﬁHtés%ﬁ@% &P ot eHRA VA P’?’%%‘Etern A robust

egua ity, meaning low post-thaw vitalities could give rise to poo

h%@mfyﬁ%’ewfﬁhmmyrom@q%q% REERAHONP RAFIRaWRaTelmansss of its
difieeeitiRied TAdOMIROSHEIIM YT ANEAHR thevneBaing ebIREHIRSEM one container.

N2 R R AR IOl REr 20 R B2 e R sl gpgiun.

of the cells are Annexm V positive within 6h post thaw. In other words, a

THUOR GaiRereh B éﬁ&’?gﬁﬂ@ﬁegf eﬁié’ ' Q‘I'e%ffﬁé cﬁm Vﬁgr%gfm RNA and

more than 509%; regerab more O/o more p oret

PIgE, %ﬁﬁéﬁl%ﬂ@fﬁ#@kﬁ%ﬂam&@m@ﬂlgmﬁtweemk&@m@ avpiewitivated over
a PORS Aniegireibvagald/t ?ﬂ@h%?&lﬁsm@%a%é_ GefiarabéRNg 48 300 sub-

PSRl SRR G S D6 DD e PERJBrRLhAlsR o iv rse

tomplmabwmc/genehc stabiiity due to a high selection pressure when cultures are
initiated. A low post-thaw vitality in the meaning of the present invention means that
not more than 50%, preferably more than 30%, more preferred more than 20%, further
more preferred more than 15% of the cells are Annexin V positive within 6h post thaw.
In other words, a high quality cell bank is characterized in a vitality-rate post thawing of
more than 50%, preferably more than 70%, more preferred 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 mammatian cell culture processes, particuiarly
from culturing CHO cells, has resuited in higher sensitivity of cultures towards cell
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up to 20 years, of a given cell bank. 30 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 WO 20061051065 PCT/EP2005/055784 -8 death at
vdiffaxenssieges of a production process. A detailed analysi o getdeath ss
during thawing of CHO cells subsequeditto cryopreservation was

provided. It was a surprisingly finding of the present invention that
programmed cell death or apoptosis is the predominant form of cell death

dea bg/e pr serva Oné)rfqguc?o%e”?oéaésése aAde %Ssigcri] 283 Ss%ﬂef; cenl i death
ncrease evel o osp atr serine was surprrsrng serve

dugisl Shefate s CHD cedids B nrmawph@mmﬁemmmwm oft was a
su%@ngﬁz'ﬁ\aﬁzﬁ B H@%Mﬁﬁ@rﬂﬂﬁ%ﬁ@?ﬁ%ﬁmfydéﬁﬁ &2 optosis is

hallmar rogrammed cell death. At this point, cellular membrane
"“‘r”n@é@‘i’i‘?ﬂ?‘r’é‘%ﬁﬁlfm{a&* $OIEaRINIRRIBRARY 8Wé?ﬁ"ﬁéﬁf"é’{ff8‘ﬁ)%9 (564s- As early
astbavlfiﬂgrsﬁh@wedn%nﬂ%@éé mtw peiedprdtdiiseastisdasstiliddsingly observed

orph logically int |n forw r srd Iots tlate time
Onpoﬁ‘l@e%aroﬁn 9’{22? h pos ?haws)o R ajorr y 8 %’nsrfzfar)[(rr(re pos gace of CHO

ceisainedeCrSuBeiwap pest cdf tepkbenhigits oasrmmw/mmbrmy hallmark of
prRasRREPL RESRRN AR PG SiERCGALRIRRAY Rifdnie e erlancRavith

these is surprisingly findings, the percentage of CHO célls that could be
stained with propidium iodide (PI) only increased significantly 24h post

Edh@Wmbgsﬁtdaé&aemw}beefgr meofimthtimet RBkhgneHwe CQuisexd eefhositive

tcry reservatio rtain_CHO cells show [
star g]v(rc’r)% nifi§te eﬁed{a %ﬁstruc oA progg écr%n% ﬁftrn a? U A rc?ggescatter

picpi@ce@t nlaWarmmJIwetméairum@r&ﬂsfwisaqmmwhesee:enerdrsaseembmxm Vv
poRle 2Qith%-ReTONST 480s ADPEEIel WES IRy deperibgd §ﬁrﬁ1¥ﬁ§§h‘x‘@ﬁ1brane

protein with strong anticoagulant properties (Reutelsberger et al

d*%&ﬁj@ﬁ% RS bERSRG 8 Aanatde sidessrter FRateis deriAesriiaace wi these
surppsiated maligo e alydenragd Ha@emﬁ@wmé@@aui@ BResZinae aRtiMRopidium

o He IR SO S T DA oS Recat R T B st o he frs
timkcoeiswamddime course of cell death of CHO cells post cryopreservation. Certain
CHO ceills show signs of having initiated a destruction program within a few hours after
being placed in warm culture medium and subsequently these cells disassemble over
the period of 48h.

Annexin V was initially described as a vascular protein with strong anticoagulant
properties (Reutelsberger et al., 1985). It appears to belong to a multigene family of
proteins defined by a repeated molif, 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 celis.
According to a further embodiment of the present invention, said process includes the
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NP 001145. The present invention therefore relates to the use of Annexin

V in characterizing a 30 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
funthersemadiment of the present invention, said process ingtd@as 8055734

WO 2006/051065 PCT/EP2005/0557842 -9 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

uantifying the number of cells that binds to Annexin. V; e) detect; ells .

S R Bl R A b B 656 st o
ircal ctitirgy thediamio of iscuhatinih saidicdiisgwith Ammesin \Wnoh-dénetitigy cells and
BRI OlBNG i BdMEReE SN BAdIMGRLLN G PG RESkIT RN no@ﬁ%ﬁn%/ cells and

pertains 1o the use of Annexin V in a process of determining the quali

aHsHYNB s RARERP LR abAscBs bt IeAnhrxitepst) gpiculating the ratio of
ARIYORFEFBN ARG RE IFnNEQiRAtsdA-Bitidinigl damglium as a 10 cell bank; 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
Asgierdhayveda deltdéry sstdiniisaidive lisesitht Anvexiiol aBoteaadorsthe the use of
AR, & ﬁ‘\%o%@géjapbe@éﬁﬁﬁ%tw&ﬁ,igofo&ﬁqg?%%t{/ bggk, wherein said

phenotypic/genetic stability and long term preservation quality, observed
PlaRERG LGRS MREpieRted fokpariiaina SRIRgHBRAE s 2B mRedium as a
célhesengfiteyiataeingaialypafireted bihthe pupibss G HGIsels Whighcell bank; ¢)

S S e e Y A v
citlisidivcelainingegiteckitevith Aumabior 6f @dtﬂdalﬁwa_ﬂm ety ndce Sy cell bank
alg exRanthie Qﬁibﬂ%‘tuﬁ%m%@s I%ﬂ@néﬁfﬁf@%ﬂ S%ﬁ%&ﬁe%da%]g(fg%rﬁg term

to minimize the risk that genetic variants may bé 20 esta

PEsAMAleE thditaRserRIRRE Salfe MpRIRTagHessanthr@dydethpging from

issteiningn v iabsa eaRs QdeiRshinn amstrkepilealiflRbANGEYRO cells which

S R Bb i, S CRARLERR. b

freez

nt Ve
nestb‘gat&thtecti@iﬂ@-cam gb@lamembs‘gptgpagﬂt@ﬂ ded ratiglaredieclibfiver;, reduce the
ni}ARAPINGIBIRHRGICRRR) HACURAINGENERARY the cell culture up to the large

fermentation scale and therefore to minimize the risk that genetic variants may be
established and/or dominated the cuiture. The vitality-rate is preferably estimated by

Annexin V staining, which means the detection and quantification of Annexin V-binding

cells. Therefore, according to a more preferred embodiment of the présent invention,
the process of the Annexin V staining in order to estimate the vitality-rate of CHO cells
propagated and expanded after thawing includes the steps. a} incubating the post-
thawed celis with Annexin V; b} detecting cells and gquantifying 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

CHQC Celliine 'Order Number

CHO " TECAGCC No. B505302
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25 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. Exambles of CHO
vadizmeaggivesn in Table 1. 30 TABLE 1: CHO cell lines CHO fielf#ingos055784
Order Number CHO ECACC No. 8505302-WO 2006/051065
PCT/EP2005/055784 -10 CHO-K1 ATCC CCL-61 CHO-DUKX ATCC
CRL-9096 (= CHO duk-, CHO/dhfr-) CHO-DUKX 81 ATCC CRL-9010

1) 122121 AN R - A412-1092 . CHO. Pra L ATCC
z \J’-l-‘-l- UIIdUU UL al. y bCII OO[LT, ‘-I-UJA IO T TO- O 7T oo
CC,EQL 1781 A variety of assays for detection 0 apopto%lc cell cultures has

Qderiés&ribed, including DNA-laddering &rfd TBNB0Sssays (Gavrieli et

(ﬁl@;q@aguﬂ@qgg,@/mgn et at., 1993). However, flow cytometric methods
of apoptosis detection offer several 5 advantages over the above

GEQTRERS BS they allow rapid quantificHibRefEbpedaes of thousands of

GretisDTR{ USE Of flow-Cytonietric measwrgmyg%ggpw@rp@@pq%,mz 1983

hies do generate a successful_cell
Eggﬁlj 1S given cell line. For this reasq ﬁgﬁgﬁbrwﬁ to a further

embodiment of the present invention, the Annexin 'V is labelled with

II 10 f X
R e R e ST L S—

inRiugipadPhitnianderine rdrEUNBLp rsseys ifGantio efisd. permind 8921 Wijsman et
aPro¢ess)ofeiaieg qrawp&%%%]fﬁ(@ﬁcc%uét%&%%fs&eé@ko%feééﬁaﬁ%ﬁarasevera;

portlon of cells of that cell ith FITC-labelled Annexin V in a
AYRNBRSHENTE R 4P0KR lechriprespsutieYAaestpid graitieation mopeoperties
ointtietaihinitheseetion Bxanplest 1iohhe esidisdravidridiesats GiNes alpid high

ﬁ&'&%p&&]ﬁéﬁéﬂ“&t&mgﬁ At s?rart]evg\;'%snd% generate a successful cell bank for a
given cell line. For this reason and according to a further embodiment of the present
invention, the Annexin V is labelled with fluorescein isothiocyanate (FITC). This allows
the use of a flow-cytometric Annexin V affinity assays 1o estimate the vitality-rate of
celis post thawing. Therefore, the present invention also pertains to a process of
staining éryopreserved cells of a CHO cell bank post thawing a portion of celis of that
cell bank with FITC-labelled Annexin V in a flow-cytometric assay. An example of such
an assay is given herein more in detail in the section Examples.

The results provided herein gives an explanation for results typically seen when a
freezefthaw step is monitored by trypan blue exclusion analysis 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 ﬂo'w-cytometric Annexin V affinity assays. The percentage of apoptotic CHO cells
méag_sured as eafly 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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freeze/thaw step is monitored by trypan blue exclusion analysis 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 20 right after thaw and
wiabilityoonbs decreases between 24h and 48h post thaw. A begatb2005/055784
analysis of data obtained for CHO cell'danks 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

Jerovides infor f r
R A o 3 LA RATaR, B DU RSN HE ik i v
is @emfﬁaaysi wﬁﬁfrpr%%npiﬁi@auwn 18 cfovecanselpriaddi2ithduiiberomore preferred

o RIEER ML BRERGTBHZAN R ALtk Qricelhas Q:rulﬁv%tﬁﬁﬁ’ccﬁst'ﬁéf\% reserved
2006/051065 PCT/FP2005/055784 -11 determining the guality of a

cefig||ipdhie GAEIRAIARS HecabER MBSHith 293R64TN0 Khberld E‘divem?%m Vis

the floqueierabd dBihdanore preferred 12h, further more preferred 9h,
further more preferred 6h post-thaw and start of cultivation of the

cryopreserved cells. In this connection use of flow-cytometric assay using
Ageprdingbielledusivee amboinenbdheoesesteinantieiiee Redeiamtp tha use of a

kil WS S RPAIRE R tb%@%?@@ﬂ&é%&@%ﬁ&?&%@%é?e@%@ﬁ@ Kt bank

comprising”Annexin V for the characterization of a cryopreserved C

POstI| BAMR oSV RRSGIM L HREReiN AlfnReY .@ugséefma@emﬁngﬁﬂév "ate of the

crydpliydisuoCie I@eﬁwgbm‘&ﬁmdgﬁM@:@ﬁiiﬁ@@@té@m@ge&mﬁﬂjd@@mof the

preferied embodiment of he. prescn vaIon. e MIAOC RIS 01 8.68l nciin
pr uﬁure ISea Per’m % process |nclu |ng the's e S a I"P ¢

theatéps af @eﬂmoﬂa&myﬁm@m@& mllabamkptgsaummlg twvéi béldmihvatmg said
ce‘ﬁ%l%r% @&Wn@dﬁﬁ?b@}'mtﬁ%‘ﬂﬁﬁ%w%ﬂmﬁw MM¥nSNiReeINgetstitng cells

and quanti ma@:e number of cells that binds to Annexin V; e) detecting

arich iy ARYIBG e NNRRMe! ialh dhalr BIBES TS RER bYh PlodRHRERS *?F”S and

qﬁmu@tm ﬁhm@r@péea@mlaw@lrﬁm tESAAREIENIT V) Rafcbiaghgahe ratio of
cells rth more t |nv n alﬁpS r{ges a K|t rlsm

e pr ) -
RN T S S
alsvirpebrdckstediz ot ohpiGIHE éelhbaink \2aMtegprpackadavdgaliat finchsiing the

infIRYIRRS BoRreS S TakirhAAURLZBR A5 SEH BRI cell bank.

The present invention further provides a process of characterizing a CHO cell bank
including the steps &} thawing a portion of celis of a cryopreserved cell bank; b)
cultivating said ¢ells in an appropriate culture medium; ¢} 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 celis that do not bind to Annexin V;
{) calculating the ratio of Annexin V-binding vs. Annexin V-non-binding cells, According
to a further embodiment, the present inventﬁdn 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) cultivaling said cells in an appropriate culture

 medium ¢} incubating said cells with Annexin V; d) 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; #} 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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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
wisezigrpiessof cells that do not bind to Annexin V; 25 f) calc@leiting2tie0s5784
ratio of Annexin V-binding vs. Annex'rnW-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

apg)utﬁ#%@m@@(?ﬁ’saﬁ%gg%a%&%% 1,3 Sy eRESPIQAREN BAVR) information on

vating said cells in-an appropriate culture medium c) incubating said )
theclicoRes RhBesiyPVTaspaGEeNfy2leny 4Adid Shasin d dSusualippgained in

cl&SHE TRl KRS ARPENRHICHARIACHRGISS s and GluaRHly G (PResent invention
number of cells that do not bind to Annexin V; f) calculati gﬁt/m ratio of .

R PRI L ARERReD OISt AR A i BTt " measuring

thprasdity-imte nticnctticopekcpotbanf WI@20061850063ation step with Annexin V is

pegg%%ﬁﬁ%%éoééﬂ?“m— fgrﬁ ORLIC O els g s el ST Y8 _geﬁéﬂed on,

post thaw provides in ation on the success of a cryopreservati
fugharepgroopEisoeshib pustishasuang siay ghftdivmicnaidharprrisaned cells.
experiments over a period of 2-10 days. The present invention therefore
also provide the processes of charac erizcgwgqga CHO cell ba

5 k 0 0
CH SR 5 RE TSR ETBE TSP LIRS0, AL HGHiN g C for prolonged
peariedbatioirate pHvitedamexits \cin padatinediviibiri@dén predethblyed ithout the
re preferr her mo e e S .
G AL S8 ST B EEE] Bl wi
resgh ictbedess ofutslistahattitisalpammetsydardharatinynt obtisdpss is the protocol

uddelanoad 10pstoda Phtiing o pR R Celizrarmiipuhy Behbf:fEP28Ncontrol the

and thawed without the addition of cryoprotectants such as DMSO. Even

tefRaprahEseReaRa R IR SESTN IR&MrRaiable pRpRakIg Hieqs at a rate to

ofPAIAMEtIH Idigreenpantihtiés IDsstiethepiOteetls waeddsstilie ftaez@quired to
and the thaw progess. Generally it.is beneficial n e -

w8 8 SR RS ] & R AR R G o AR ffvetion

teropdratoun gloaiengst rle@dOnsRiLItineso Gmwven docensisgceisssfarpyery rates of

cURSHLeh IR (iRl heeRRvidiidhrweskenils) aniarting mﬁﬁs&%dat%@semm.

the optimal cultivation temperature of almost all CHO cell lines. One way
to ensure high recovery rates of

Recently, much work was focused on developing cryopreservation strategies for GHO
cells without the use of serum in the freezing medium. A variety of cryoprotectants can
facilitate successful long-term storage of cells without the presence of serum. In
addition, the composition of the basal mediurn as such have a significant impact on the
success of any cryopreservation. The described fast-track quality assessment of any
such sirategy will 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 fines. 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 CHQO 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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cultures post thaw is to freeze cells in a medium containing high amounts
of serum. 20 Recently, much work was focused on developing
cryopreservation strategies for CHO cells without the use of serum in the
freezing medium. A variety of cryoprotectants can facilitate successful
Wahgpendi®torage of cells without the presence of serum. InPeTi@ERtOM; /¢34
composition of the basal medium as sdéh-have a significant impact on the
success of any cryopreservation. The described fast-track quality
assessment of any 25 such strategy will allow drastically reduced

df RECIonm Q%%%“@éléhﬁhﬂrﬁ%%ﬂ?g;%)b%%@ﬁﬁ? oy Hr%E%gn '%gﬁ he aumber

generation of a master or workin ew CH

ofinels Keddring ko Armema e fisiinning, {Eﬁlégp@égefﬁiﬁméﬁ'ﬁ@rﬁhﬁl%mbef of cells

thﬁEQiﬂdrﬁﬁ sfﬁa%eﬁﬁr@‘mﬂdyg)r&mgiﬁh@qw@%mmﬁ%%wmﬂmb vs. Annexin
ard to the use of said medium for cryopreservation of CHO cells

ViRERG RS els, Sl YRR Si9er AREH onceRraRRS Rl fvaiable
mewitaldedoraulitamdstioke (SitsaprbiEseblyofdne ntizenatnrgs BEIbIy +800QSigma),

DS!%&BJLQ'%HH‘?EB%QZ_;@@%R:Wgﬁ%ﬁ ra&%ﬁgj %F%X?&ﬁgl'srmedmm

c) cultivating said cellsin an appropri ture

(Mbe/Siaves. Peayee osditieT shubieray i cMeativg sﬁMWﬂsWa) CD-CHO
(AVHREHM VG xsintacting, ecsliDantuaiyiingdhenumberiof PRURIAASIgma), and

binds to Annexin V; f) detectln% cells and cgJantl ing the number of cells

PRSI SR ARIIME) ARSALIRG 1Red 15 S RHRARAT SRR redium
anvﬁ:d@snmmﬂté-mmyphlmn@mllsuamimIBM&i(DI,rGEmAdImanw’lhﬂhﬂdaesed glycine,

. . , pe
AR AT Bl MR A AT e e Bhepgion step win
Apngiiesvivie SRMPTDRENEN DI Gi4a) PrafarieRly EE8Bn MR esaleireguEN; further more
p.%ram@a acovemMAiiiehRednecr s MediuidWMEN: Stama) Cchifdien of the

(Invitrogen, Carlsbad, CA), CHO-S-Invtirogen), serum-free CHO Medium
CoeRiTREVETICRlBteREd EHE-TReHimh fRMIG. iR IPT plierasiy s a
fuplicness saidfpedilemibodioledesigpecifieatiyprptenesants such as DMSO,

BSA, methylcellulose or glycine. According to a more preferred

embodiment of this process, the incubation step with Annexin V is

performed within 24h, preferably, 18h, more preferred 12h, further more

TRESHREREP g dneharmurschreieuss BaPskthanard gl gr&,%&%@tw herence

the cryopreserved cells. Use of FITC-labelled Annexin
ton dhe. W@gc%{gggp %sawhlch are hereby included merely for the purpose of

illustration of certain embodiments of the present 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

MCR: master celf bank
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15 furthermore preferred embodiment of the inventive process. The
invention generally described above will be more readily understood by
reference to the following examples, which are hereby included merely for
the purpose of 20 illustration of certain embodiments of the present
vinvemtioniessd are not intended to limit the invention in any waymp2005/055784
EXAMPLES Abbreviations 25 BSA:-bdvine serum albumin CHO:
Chinese hamster ovary DMSO: dimethyl sulfoxide ELISA: enzyme-linked
immunosorbant assay 30 FAGS: fluorescence activated cell sorter FITC:

orescein j i i ster cell bank WO 2006/051065
P TIEonég%%l'}g%%?8 %J%g% ;ghaosphate buffered saline PCR:
PEBlymerasdelyaisrassctopinPeastspidium iodide PPCB: post production

piell bank s dihpsehrgddylserine WCB: working cell bank Methods 10
Cell Culture Cell banks of several CHO suspension cell lines used for

Phtdtiuction Bkl REREIBEPRR! BRBlbpharmaceuticals were investigated. Al
Pgell lines usdtbapbqiidysetiar and their protein product may not be
W e SRS ¥ lires in surface.aerated T-Flasks (Nenc
15 Denmark) in incubators (Thermo, Germany) or sparged spinner flasks
(Wheaton, USA)
Methods
Cell Culture
Cell banks of several CHO suspension cell lines used for production and development
of biopharmaceuticals were investigated. All cell lines used are proprietary and their
protein product may not be revealed. All cell lines used at production and development
scale were maintained in serial seedstock cultures in surface-aerated T-Flasks (Nunc,
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-filttered laboratories and under strict procedures
complying with “current Good Manufacturing Practices (cGMP). All culture media Qsed

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 cuitures 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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in specially designed incubator rooms at a temperature of 37C and an
appropriate mixture of air and 5% CO2. 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.
Winhibitysuas assessed by the trypan blue 20 exclusion methady/fhgeswss7s4
cultures originated from master, workirigoer 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. progedures complying, with "current Good Manufacturin
AL (L ORH, RS e MR o, B S M ap Phase of the
liqeidnpitrsitien (RbOUE L ey eallechi® Brytprasetivaticre zing ety wasl 1-3E7 cells.

i re d I t ols an : o

D%galgﬁlegr\f%f I§§Fm%@ing g\?\/r-t %gW%gg %W&%r%u tu r%sgwg?g%ﬁgﬁtﬁ%n t_)f 10%.
Thegistrledalranving MefisYSEENTB MIGAIfeRr tarwans fiee eaPEHien may not
b@l.%%%r']_ M@,gﬁ%@ﬁ%!@%ékwgﬂ_?ﬁréwW@Qrﬁ@tb‘?rwﬁgéfim&reﬁﬁ%propriate

machine (Consarctic, German ith a, speci signed freezin
BTG B e LTS, FIaNeR) e SACRA i Fele e seeded
in(fgezanigmmacting) with Z0G:{Std afalbootmotthtorells were WO

2006/051065 PCT/EP2005/055784 -15 transferred to liquid nitrogen

containers. Vials were stored in the gas phase of the liquid nitrogen
FlewiGgiomethe cell concentration in the freezing vials was 1-3E7 cells.

GRMP RNtk BatnanRy) MAPUIRE RS RSEEORINE haakaka GaneanEalifgr Epics

of 10%. The detailed freezing media used are also proprietary and their
Xle dlpoRAtRRG 1o, (1BYLose FETRSRY. ¢8RS B3RS RO AR FRclRtigRavas eficited
atwassnpathvithiuded witvappreariatad madisurea dwng ifthged@liznoband  pass

Erance) at 180Qxq. Subsequ Il re seed In cultivatio] [
e o e e b Eltor P CAepe: TorB60" €l for
apomesimandTI0Gadartd Riredreyde iewikeirewataBigaskivth Babowiese analyzed

wigPie Elofiay SRS 4L ek HIMAR N HHBESHRIRRBARPEPERIIC cells, the
Exmtat_lor] was elicited at 488nm with an Arg_on laser and measured._usmgra! o
m%tg%mgmB\gs?NA stain propidium™icdide (P!) was added in paralle
Annexin V to the cell suspension. With this double staining it is possible to discriminate
between vital, early-apoptotic, late-apoptotoc and necrotic cells. The annexin V assay
was performed according to the vendor's protocol (Becton-Dickinson, Germany). The
cells were analyzed and apoptosis was quantified by flow cytometry. Propidium iodide
staining was further used to determine cell cycle distribution. Samples were taken from
cell suspensions without fixation. Cultures were centrifuged and washed with PBS
(Gibco, Germany). Then, the Pl staining solution (BioSure, USA) was added and
incubation proceeded for 30min. Subsequently, cells were analyzed by flow cytometry,
The proporiion 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 detajl. To quantify the extent of programmed cell death in cell cultures of CHO
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(53020nm) and long pass (>570nm) filters. In each sample, 10.000

events for apoptosis and 3.000 events for cell cycle analysis were

measured. Data were analyzed 15 with the Expo32 analysis tool. To

discriminate between dead and apoptotic cells, the

wemiranesimpermeable DNA stain propidium iodide (Pl) wagagaedsinss7ss

parallel to Annexin V to the cell suspetion. With this double staining it is

possible to discriminate between vital, early-apoptotic, late-apoptotoc and

necrotic cells. The annexin V assay was performed according to the

vendor's protocol éjl;%ecton-Dickér;son, tgermany??.S Thﬁéo cells i{e ¢ of
cellRa PRGN H'GpolSsid RUS K Hinidd B dw %o W\B%%i [l a@mount 0
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imdOMif2: ibsaauealygsedauare@nalyzrdiny ievaicyiometsr Zirmiiecomponents,

proportion of cells in each phase oF[?the cell cycle was obtaine% throu . i
SUFR A FFEYTle BRIGPER (BIPSERIR FISWP AT RE ST IR afivafifgard to cufture
viapialy sistef ¢iefivelngthOdiisngetee dnalyzeficiyo piadep/ ethBiig eilts Anoexin V and

Although.it js,knowp tha lIs.dje whe ltures,@f.cells
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appiosimet s @9 Belbrined M npeitivelsalls wasqielesipdHiobkadiar sells were placed

inRIQEIATIN ARl e, imselh s alridst B W WiRRDMHBFEAESh and remaining
PCT/EP2005/055784 -16 cells durln%the f|%0u§ after Lhawmg we

atphaym iy iREEREShIEh pRYIPAGNSaRE HBRJA SRR G ARplyzed so far,

thepaHK anelafirieegielly. §sifivd it eallsraauhdé theatives Ghthisiahlipest thaw.
are widel ed for productio iopharmaceuticals. irs ;

In KSR 8330 e DUt oG R YO U atetely

affhdheoil belokenkisgeneesiothviony HEeprs) hadidmtfrednbichnftaae of apoptosis,

PEJIARRENISH SY FRASHEEH AR 2 KBRWVIBiREPRIUAHRIY SRS EXBY phase,

_with regard to culture viability after thawing, Cells were analyzed by
theaRIBRM R R AnARkRPIP AR ITBRRIUhANskide e GRS pEirAdeRYin V +/PI-
(FRjurehi 24dwendigbh ghciginpeBainiagesnitha ppsiixifoasel B8O/ phasneximembrane

inpé)gﬁ'ﬁi)y%gg I’} ] ewaa%ﬁ%%}%gtggtcriil%g gfltemgilg, 'l\gi%r%&%?oetﬂ: cells are Annexin V #/Ph+

(Figure 1, upper right quadrant). Therefore, these experiments demonstrate that the

transition from early to late stage apoptosis only occurs after the first 6 hours post
thaw. This is also seen in the forward-side scatter diagram (Figure 1), showing an
increase in very small cells, representing destructed cell bodies (Figure 1) at the
transition point 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-threughput 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 biue
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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io in cultivation medium (Oh), increasing to almost 50% within the first 3h

and remaining at above 40% for the first 48h post thaw. For all CHO

DG44 cell banks analyzed so far, the peak level of Annexin V positive

cells was reached between 3h and 24h post thaw. In contrast to that, the

vamousmahd| positive cells remained relatively low immediatety@ftesthanks

before it increased markedly 24h post tidaw. In the initial phase of

apoptosis, :s PS is displayed on the cell surface and Annexin V binds it

target.. In this early phase, the plasma membrane is still able to exclude

P1 and, thus, cells are Annexin V +/PI- (Figure 1, lower right qyad .
si00 GBIy SCBC TS e Sl INE T SLSTHRL S ARy % in thaw
verilitys e icludesPs) T ese datesap dpdetic eldsaot Ahgedr?@)+éRbwed the same
sigd':# o %ﬁf?é’r%ﬁé%‘%%ﬂ%%qrﬁx%t?clﬂglﬁée(ﬁé%jzﬁi‘&é‘?rS%PﬁfHT}ﬂﬁé?em banks. Thaw 1

emonstrate ansition from early to late stage apoptosis only
deormnatadfie i drso68350reaiom UaruiE 16eM¥ereEds i wrbility of more than

90MWRHIBIGe SSalteadiaai BHIriaue 1as oMNNEo3n dNEEBSRdRMARYle 24h after
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bligiainingsaatvAT el paediofivdequylitgavketdalcadDnadictarita iediitya Asmmercial
antification of a S ' ini for I
P By B OB Dol Ul 80 ik S PereeiAUEN0r o
digriglyitig Sifyhpubein aydasepiitiste the YeprssevhHonsiadhdag rntrols as early
asHIyFRqHMe. CHO cell banks of two different 30 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
CEedanr qaung 264 therprammatitahosplatidy | séfererdisplhljimay,cetjopreservation
varied WO,2006/051065. PCTE 055784 -17 significantly between
p rgﬁ:fﬁ?? safh%%gﬁ rg%%%%%#gﬁ%é%ﬂf% cell banks (35 % in thaw 1 versus
Tco Wt ithehaemty. derediwssimetiand greeslirbRE ualibByssesnaanhwe Ahalyzed a

nidiicantdifiespree-pesves sl Esviahiliendranydhdidareste containing
anks. Thaw 1 demonstrated a drop to 83% before the_culture reggr_\éered

0. B3l RAbityl 6r RS AR PE YT L PE) SIS U PCShitAsR 3ty ixture of

copaidiid ahaatissenedliablerMbiciidedhawiguienis duitweisosiloelev esignificantly
!ovg:g %a%sretﬁcgar??p\gp o'flslg &3 gce)gﬁr%g%ggb }lr\g}ﬁ%e}r?‘urthermore, a beneficial effect
of adding 0.8% BSA compared to storing cells in conditioned medium was only evident

when styrofoam boxes were used.

Use of early post-thaw apoptosis measurements for fast-track development strategies:
As time to clinic and market supply is & 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 8h post thaw to evaluate strategies
for establishing successful cryopreservati.on 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 ciearfy defined expiry dates for use of media for culturing CHO cells. We
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blue exclusion. A cell bank of this quality would clearly not be suitable for

a commercial production process. These data surprisingly demonstrate

that the percentage of cells displaying PS on their surface predicts the

outcome of classic thawing controls as early 10 as 6h post thaw. Cell

wankagualityscan vary dramatically amongst different cell lings;t/epr2005/055784

cryopreservation protocols and qualityid cultivation medium: To test the

newly described method for cell bank quality assessment we analyzed a

15 number of cell banks. Two CHO DG44 cell banks were generated, one
_containing 0.8% BSA in the freezing medium, the other containing no )
’“E%%&Qﬁi?‘g Y8 iihG 8k I8 Pladrdarriatittn PRCERDiBaY fesult in
stiagardithdhamedSahowed sighifisaiilycnpettie stinearly aptaitsis jescedures.
woligezingmedia, furihermera depeicalaftest oL adding 0% 85 et 1o

compared to storing cells in conditioned medium was only evident 2
invgrtigalgrifisainhexesiaere 41588 ey candpisest-tata @bopestithaw) for GHO

cANS AN ABRGS IY fasiriar i dREIRIRS 3 IRAIRS ASEMRP FIRIGAN®at was

market su CPly IS a crucial {)arameter for successful development of new

siBigHrar Hadal feuideeis {4 IegilR nRtvasthatiassiered At dtidgr four weeks

adeileosudbitpngiaceasioptineaiespanaiprockss HBEsANSIBenisolMe immediately
therefore determined.the feasibility of using Annexin V. measurements
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gengspedaiiation mmw@pfpm&ﬁmmmtimw&his@Mmede reduced

HiOREAEY RRShINANARPRIRGIA BISBSLLSMG 'H&rﬁﬁ%r?eﬁ?&ﬁﬁ\é%@é%éﬂ? Irlnedium.

or assessment of raw matérials quality. An essential factor for successfu

si

SkRisnaus Aaieroietes cbiaCaleytqi s Binkom ehinrFiGay showed that four

wesinesilly niellminphleaslepsyrdelinaiexpinetiates fiasse adanediaipprisingly
culturip CIH(()) cellﬁ. Wes N é) 2({)30(%/(35%_106“51 PCTIEP2! 05/05@%84”5-1%I ¢ sensitive

d?ﬁ@%@ﬁé%&%d V&R e RRE AT S an S 6 AR R L thal r oG e s gy

anabsiesnoshnader antefreinesrfyramentswith negdid toneaved of stadidareparations
fo?lgwgge?{}%%ﬁlgﬁéfﬁ\/@eﬁed a medium with a shelf life of four weeks

for cultivation of CHO cells to investigate this further. Figure 4 shows
early apoptosis data (6h post thaw) for CHO 5 cells that were
cryopreserved in freshly prepared medium (4 bottom), medium that was
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stored at 4C for four weeks (4 top) and medium that was stored at 4C for
four weeks and was supplemented with a fresh preparation of an
essential compound immediately before use (4 middle). These data show
a decreased thaw performance for cellst¥anks generated with this
cLIggium just before its expiration date. This effect could be reduced 10
significantly by adding a newly prepared essential component of the
relevant medium. Simultaneous determination of the cell cycle distribution

1. Gspast faveshowed shatdosssved efhatachadiing Bachyopgeeetirad ibitdssnk of CHO
effect. Th results surprisingly demonstrate how early post-thaw
aﬁ%’&&?giﬁ%‘gm%ments could be used for sensitive analyses of media
and their components with regard to the use of media preparations 19 for

preservati erton OW, Dev..

0 op of CHO cells. REFERENCES , Biol. )
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NOELER) 4 Pdididh. obeells bfet ahyopleseoved Melihsstsc; 1991 Jul 26;
@3%#;110 -9. Vaux DL, Korsmeyer SJ, Cell. 1999 Jan 22;96(2):245-54

3 ‘H%‘Eﬁb?%@;‘ﬁ? BB IO R84 YBB03:85:323-32. 19 CLAIMS 1.
dsénaliBatmeyisaitinaliproithsSrofestiardcterizing a cryopreserved cell bank
of.C ells past thawing. 2. The, use according to,claim 1,.characterized
e A A R B e R R BF R g en v.
@y dpiestnge dedlldrahéubhiifvingting sadbasilsfinalis dhatelmediuwind dp Annexin V,
incuhating.said cells.with Annexin \V;.d) detecting, cells a uantifying the
R R R R A RV R AR el et
the number of cells that do not bind to Annexin V; f) calculating the ratio
cq‘JAnnexin -binding vs. @n@vﬁxin \b/-ng\p]-bindi cells. 3, Use accordin

i TR AR T MBIy AR, i it i RTORRS 1 Gotermining
qtreditycztidy asfl l2baslk ind (G&HD CEIS, azllierevn st pezie sroteissl@scthdes the steps:
ks)é;r%fryg LYORIEHE AR AMS PRLS A IREume i & B SRE.

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 celis with
Annexin V, whereby the vitality rate is the ratio between Annexin V-binding cells

vs. Annexin V-non-binding cells.

4. The use according to claim 3, characferized in that the Annexin V sfaining is
provided by:
a) incubating the post-thawed celis 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) caiculating the ratio of Annexin V binding vs. Annexin V non-binding cells.

5. Use according io claim 1, whereby a Kit comprising Annexin V is used for the
characterization of a cryopreserved cell bank of CHO cells post thawing, wherein
Annixin V is used o defermine the vitality-rate of the cryopreserved celis post
thawing, whereby the vitality rate is the ratio between Annexin V-binding cellis vs.

Annexin V-non-binding cells.



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, whereby the
vitality rate is the ratio between Annexiév -binding cells vs. Annexin
V-non-binding cells. 4. The use according to claim 3, characterized in that

the Annexin V staining is provided by: a) incubating the post-thawed cells. .
6. Wit ARRSGRUIBI LRI éemg&‘&u)ﬁmfﬂhé%ﬁa% BTl gRigium lodide

bindm iR OeRNBNVInGY HetesiingielisiandBipanidymertee 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 according to claim 1, whereby a

7. KiheomprisietinRencaimuses fordheradtaragierizatien ofeprocess of determining
c%dpr,eserved cell bank of CHO cells post thawing, wherein Annixin V is

U R ATRIBAMYS AR IRRE of the cryopreserved cells post thawing,

wheraliine Yty drdsithefratipyesieenaanayim¥rikinding cells vs.
Annexin V-non-hinding cells. 20 6. The use according to claim 5, wherein

AL ARG SYMBRLB P IR TSR Staining Solution in PBS and
Repieedin MiRinsing saiekith. Ahespge according to claim 5 or 6,

characterized in that the process of determining. the vitality-rate include .
RO GRS BRGSO ok PRy o i B R/ By V:
%’ﬂ@é&iﬁ&@a&v d. dﬁ@'iﬁ'r_'tﬂ‘ @J@I"‘f” Wﬁg@ﬁmh@@ﬂ@fbﬁimtﬁaidjcaﬂsmﬁﬂm to Annexin V;
nnexin V; etecting cells an ntifying the number. of cells.that
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that do not bind to Annexin V; f) calculating the ratio of Annexin V-binding
vs, AnnexinV-non-binding cells. 8. Th ing t laims.

8. HThPa B PO AR Rt P B b AT BRI m that the
pattrsaaeWiRip 24P agirtbaw andssigstiotncetivatinm o 4he wedis-thaw and start of

cultivation of the celis.

9. The use according to claim 8, characterized in that the incubation step with Annexin

V is performed within 8h post—thaw and start of cultivation of the celis.

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;
¢) 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 celis.

12.Process according to claim 11 for measuring the vitality-rate of a cell bank of CHO
cells post-thawing whereby the vitality-rate is the ratio between Annexin V-binding

cells vs. Annexin V-non-binding cells.



9. The use according to claim 8, characterized in that the incubation step
with Annexin V is performed within 6h post-thaw and start of cultivation of
the cells. 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 bankpf 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
13 ARexipdbsd) sleterding eellsantd quastfyingtheracteriesdfrctilsttivas incubation step
binds to Annexin V; e) detecting cells qguantifying the number of cells .
G HBPE RO AR (YANEL B PR T o PRI BT S cfiington of the
vgefnexinV-non-binding cells. 12. Process according to claim 11 for
measuring the vitality-rate of a cell bank of CHO cells post-thawing
whereby the vitality-rate is the ratio between Annexin V-binding cells vs.
14 AMewbYeaonbindiig g edsciain183 Thaptagess eddording thelmobaton step with

A T T T T

The process according to claim 13, characterized in that the incubation
step with Annexin V is performed within.6h post-t and start of | . .

15 AR P e GRS ARG b vy B AN i that coi
tasfehdnphiprapienzadda thah dribsictaingds estoraredavifli TOpiabeded Annexin V.
isothiocyanate (FITC)-labelled Annexin V.



