METHODS FOR CONDUCTI NG CELLULAR ASSAYS FI ELD OF THE | NVENTI ON The present
invention relates to cellular assays or cell based assays and in particul ar
to the prweizsiowroik cryogeni cal ly-preserved cells for useriEP2686b288says.
BACKGROUND TO THE | NVENTI ON Drug di scovery, as currently practiced in the
art, is along, multiple step process. Initially this process involves
identification of specific disease targets, devel opnent of an assay based
on a specific target, validation of the assay, optim zation and then the
automation of the assay to oroduce a screen. High throughput screening
(HTS) of vk \J 6 BAR AYDAY X arried out to
identify candldate conpounds mhlch ShOM/pFOﬁlse as potential drugs; these
conpounds are then validated and chem cally optim zed. The output of this
process i qu%J goes into pre-clinical trials and, if
valldated%qggg?ﬁﬁgfﬁgqlnt tﬂiﬁlcal trials. In this process, the screening
phase is distinct fromthe assay devel opnent phases, and invol ves testing
conmpound efficacy in living biological systens. Historically, drug
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consuning undr eds s of d r created. Devel opnments in
the areas ?WBEWBWf§§UQﬁﬁ“ ﬂﬁgva@ﬁésﬁiiﬁg“vﬁ ﬁg?ﬁgged capacity and
efficiency in the areas of target identification and conpound screening.
The application of HTS technol ogies offers the potential to address and
ease the BACKGROUNDTTOBHEIDNVENDIONered in the drug di scovery process.
In the HTS process, drug candi dates are screened for possible effects in
bi ol ogi cal systens and for the specificity of selected | ead conpounds

towar dg pasrip alsb@rery, ak 98k &ntlyPradiBEYinSBe 8Nk BYorp@multiple step process. Initially

this process involves identification of specific disease targets, development of an assay

based on a specific target, validation of the assay, optimization and then the automation
of the assay to produce a screen. High throughput screening (HTS) of compound
libraries using the assay can then be carried out to identify candidate compounds, which
15  show promise as potential drugs; these compounds are then validated and chemically
optimized. The output of this process is a lead compound that goes into pre-clinical trials
and, if validated, eventually into clinical trials. In this process, the screening phase is
distinct from the assay development phases, and involves testing compound efficacy in

living biological systems.

20
Historically, drug discovery is a slow and costly process, spanning numerous years and
consuming hundreds of millions of dollars per drug created. Developments in the areas of
genomics and HTS have resulted in increased capacity and efficiency in the areas of
target identification and compound screening.

25

The application of HTS technologies offers the potential to address and ease the
bottlenecks currently encountered in the drug discovery process. In the HTS process,
drug candidates are screened for possible effects in biological systems and for the
specificity of selected lead compounds towards particular targets. Primary screening has

30  been addressed by the development of HTS assay processes and assay miniaturisation



been addressed by the devel opnent of HTS assay processes and assay
mniaturisationutilizing the mcrotitre well plate format, with 96, 384,
1536 or gweabewo7mssi aturi sed wells, which is capabl e of palrirpescoget2ts oughput
| evel s of over 100,000 tests/day. Many types of cell-free assays that were
originally devel oped to neasure the biochem cal activity of purified
proteins, nostly enzynmes, could be readily converted to HTS by applying
detection systens that do not require separation of the reaction product

from substrate. For exanple, f]uorescence-based techniques allow detection
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(Hertzbanmerg R P an ope AJ. HTgh-throughput screening: new technol ogy for

the 21st century. Curr. Opin. Chem Biol. 4, pp445-451, 2000). These
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process, |ead conpounds are subsequently tested in various in vivo assays
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in the early phase of the drug discovery process.. The requirenents for such
assays ar é%@‘el}gfﬁel pytgmpisd e3s5; Sn@ﬁ)éi" §i?é%isﬁeénsc8 | 1§i88 r COpR B’éé iy dered by
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The availability of an increasing nunber of biotechnological tools to

genet i cal bipchesaicdlyacteity of Hiedspepidie doegfaini therdsolried &l Vigresystee Hits are then
subjected to chemical modifications and further screening through the HTS system to

15  select more specific and potent derivatives called ‘lead’ compounds. In the classical drug
discovery process, lead compounds are subsequently tested in various in vivo assays

using cellular and animal models in order to select those that may become drug

candidates for clinical trials.

20  In the last few years, cell-based assays using engineered cells and microorganisms have
become an increasingly attractive alternative to in vitro biochemical assays for HTS in
the early phase of the drug discovery process. The requirements for such assays are the
ability to examine a specific cellular process triggered by a defined target and a means to
readily measure its output in a HTS system. The availability of an increasing number of

25  biotechnological tools to genetically modify cells and microorganisms has allowed the
development of simple read-out assays for cellular processes that can be readily applied

to automated systems in HTS.

Cell-based assays have notable advantages over in vitro traditional biochemical assays.
30  Firstly, these cellular assays do not require purification of the target protein and therefore

eliminate investment of resources to gain the necessary knowledge for obtaining a



devel opment of sinple read-out assays for cellular processes that can be
readily applied to automated systens in HIS. Cell-based assays have notabl e
advant agewoquawo7bessVvi tro tradi ti onal bi ochem cal assayspcFipPIddoys72uNese
cellul ar assays do not require purifisgation of the target protein and
therefore elimnate investnent of resources to gain the necessary know edge
for obtaining abiochemcally active target - this advantage has becone
particularly inportant with the increasing nunber of proteins that can be

targeted for potential drug treatnent as it would indeed be dlfflCLﬂt to
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nont hs. Thglelaﬁgc@sftslclrt}g@@é@%;ﬁéggofqgéa@ grown in a large single batch and
stored in the freezer, provides signi f| cant advant ages: (a) inproved

consi stency of ceII-based assay resul tsonce
However, the recent growth in cell use for drug discovery, particularly for HTS, poses a

15  number of challenges for cell providers and users; namely, batch performance variation,

cell production scheduling, and capability and capacity management.

Cell lines are usually subcultured twice a week and scaled up for each assay. This
subculturing and upscaling is usually repeated in cycles over a period of several months.
20 The use of cryopreserved cells, grown in a large single batch and stored in the freezer,
provides significant advantages: (a) improved consistency of cell-based assay results-
once frozen, the same cell batch can be used over a long period of time, (b) increased
flexibility-new assays can start at any moment when compounds arrive for testing, and
(c) reduced costs- time spent to maintain cell lines in culture in parallel to drug screening
25  activities is saved. Consequently, the use of cell culture reagents, disposables and cell

culture facilities is reduced.

Cryopreservation per se has generally no effect on the pharmacology of compounds and
can be applied to many cell types and assays (Guido J.R. Zaman, et al. Cryopreserved
30 cells facilitate cell-based drug discovery. Drug Discovery Today. Volume 12, Numbers
13/14, July 2007). For example, cryopreserved, transiently transfected HepG2 cells were



frozen, the same cell batch can be used over a long period of tinme, (b)
increased flexibility-new assays can start at any nonent when conpounds
arrive fowoteswimgs and (c) reduced costs- tinme spent tecrapdé@iosr2ael |
lines in culture in parallel to drug screening activities is saved.
Consequently, the use of cell culture reagents, disposables and cel
culture facilities is reduced. Cryopreservation per se has generally no
effect on the pharmacol ogy of conpounds and can be applied to nmany cel
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readouts such as beta-lactamase and FLIPR.
15
Louise Stjernborg and colleagues from AstraZeneca (Molndal, Sweden) described the use
of frozen cells for the screening of compound side effects on human ERG (hERG)
channel with a rubidium efflux assay. In their organization, hERG channel screening was
not conducted every day but on a monthly basis, when sufficient new compounds were
20  assembled. The use of frozen cells resulted in a significant saving of time spent on cell
culture maintenance (Ding, M. et al. Application of cryopreserved cells to hERG
screening using a non-radioactive Rb+ efflux assay. Assay Drug Dev. Technol. 4, 8388,
2006.)

25  Thus use of cryopreserved cells in drug discovery has three advantages. Firstly, flexibility
is increased, because new assays can start at any moment. Secondly, data quality is
improved, as all testing results for a certain compound in a certain assay can be generated
with the same batch of cells. Thirdly, working with frozen cells substantially reduces the
time spent on cell culture work, in particular the maintenance of cell lines, and

30 consequently the use of cell culture facilities, materials and disposables.



of frozen cells for the screening of conpound side effects on human ERG
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the plastic and gl ass surfaces.
Poly-lysine however, is also used to increase the adhesion of many other non-mammalian

cells and tissues in techniques ranging from traditional live cell-based analyses to
15  immuno-histochemistry. Many examples of its use to facilitate the attachment of
mammalian/non-mammalian cells are present in the scientific literature. Poly-lysine is
used to attach cells derived from the all the major biological species including
mammalian, insect, amphibian, fish, reptile and avian families. In addition, examples are
given that include cells derived from species as diverse as bacteria, nematodes and

20  gastropods.

Some examples of cell lines routinely cultured on poly-lysine include — HEK293 human
embryonic kidney cells (Sugawara, T. et. al. A missense mutation of the Na+ channel
alpha II subunit gene Na(v)1.2 in a patient with febrile and afebrile seizures causes
25  channel dysfunction. Proc Natl Acad Sci U S A. 98(11), 6384-9, 2001), MDA-231, breast
cancer cell line (Yorneda, T. et. al. Inhibition of osteolytic bone metastasis of breast
cancer by combined treatment with the bisphosphonate ibandronate and tissue inhibitor
of the matrix metalloproteinase-2. J. Clin. Invest. 99(10), 2509-17, 1997), anterior
pituitary cells (Hinuma, S, et. al. A prolactin-releasing peptide in the brain. Nature,
30 393(6682), 272-6, 1998), microglia MG-7 cells (Szczepanik, AM. et. al. Amyloid-beta
peptide fragments p3 and p4 induce pro-inflammatory cytokine and chemokine



Pol y-1ysi ne however, is also used to increase the adhesion of many ot her
non- manmal i an cells and tissues in techniques ranging fromtraditional |ive
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the scientific literature. Poly-lysine is used to attach cells derived from
the all the major biological species including mammalian, insect,
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m crocapsul es/ hydrogel s. Poly-lysine is used to facilitate cell
refers to” a solution including a cross-linked amino acid polymer for applying to
cytological specimen slides. The amino acid polymer, as employed in the invention, is

15  selected from a neutral or basic amino acid, such as poly I-lysine or poly 1-arginine.

WO 2005/034625 relates to a surface (such as a cell culture surface) comprising a support
to which is bound a cell adhesion resistant (CAR) material and, bound to the CAR
material, collagen VI or a biologically active fragment or variant thereof and, optionally,
20 one or more other ECM proteins, or biologically active fragments or variants thereof

and/or one or more polycationic polymers.

United States Patent Number 5512474 describes cell culture surfaces of bioreactors in the
field of cell biology and particularly to methods of improving the surfaces to obtain better
25  cell attachment and cell growth. A cell culture support comprising a support material in
the form of a microcarrier and comprising a supporting surface for the attachment of cells
1s disclosed, the surface bearing a combination comprising: a positively-charged molecule

and acrylics polymerized from acrylamide or methacrylamide.

30  United States Patent Number 5932473 describes a cell culture substrate coated with a

composition containing a cell adhesion promoter in a salt solution. A substrate such as



attachnment to the polysaccharide. There was no nention of the use of
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using fluorescent probes (Viability/Cytotoxity kit, Molecular Probes), the expression of
neuronal markers by immunocytochemistry and elucidation of synaptic vesicle recycling

15  using the fluorescent probe FM1-43 (Molecular Probes).

Son, J.H. et al., 2004 (Biotechnology Letters, 26, 829-833) described the use of type 1
collagen coated 6-well plates and a freezing mixture containing DMSO, foetal calf serum
and culture medium to facilitate the cryopreservation of rat hepatocytes. The cells were
20 cryopreserved for only a short period of time (24 hr) at -70°C. Characterisation of the
hepatocytes post cryopreservation involved determining cell viability using a simple

spectrophotometric MTT assay and albumin secretion using an ELISA-based system.

Shoji R. et al., 2000 (Cytotechnology, 32, 147-155) described the cryopreservation of
25  human hepatoma cells using 96-well plates coated with either type 1 collagen, pronectin
F or fibronectin. These reagents were used to facilitate cellular attachment.
Cryopreservation was achieved using hepatocyte culture medium supplemented with 10%
DMSO at -85°C. These conditions maintained the cells in the best state for ~ 7 days.
Characterisation of the hepatocytes post cryopreservation was limited to cells stored for
30 only 7 days and involved determining cell viability by measuring acid phosphatase
activity and in-vitro cytotoxicity testing (live/dead dose response curves in response to

challenge with toxic reagents).



Ma, M et al, 2006 (Neuroscience Lett., 403, 84-89) described the
cryopreservation of an adherent mammali an neuronal network. Dissociated

spi nal cowo 208ld7sosser e attached to 35 nm Petri di shes t lpatygragholoerao coat ed
with two adhesion factors poly-D-lysige and | am nin. The network was then
enbedded in collagen and | oaded with the cryoprotectant trehal ose prior to
transfer to a freezing nedi um contai ning DMSO FBS and cul ture nmedium The
network was stored for up to 2 nonths in liquid nitrogen at -1960C.
Characterisation of the network post cryopreservation invol ved; determ ning
cel | vi abi : cent probes (Viability/Cytotoxity Kkit,

Mol ecul ar S), r i : I -

i mmunocyt g(?%%ﬁl%s%rrﬁalgﬁeﬁf?ﬁm? ?eo%hglglﬂsééﬁgglt ingz%\%tzgitilcg%rpé%sﬁaei %eusulgi ng the
f | uor escerbntpmeiseviiih camBe (9| betufoa stoPagsbas dow t@opﬁratur.emanésulabquezgmﬁor

(Bi otechnol ogy Letters, .,26,.829-833) descnibed th S f coll agen
Conted. 6. ABERE TUES~Sh 478 1 Saugh PR Ss AP s G ekt udrafie 27
ser um and sl WerBovaadirok the fikakt kd bAs® thdeelty yohaesad vasd ditedly ndiTS.
hepat ocytes. The cells were cryopreserved for only a ?Sgor% E)er',od of time
(24 hr)~ afCurrehG, cotbhareatperily ahioprrse ed ﬁévw@p(ﬁtgoeww et s F%ﬁr%@é@rvam on
I nvol ved @%ﬁ%ﬁ%x@ kot hies WhARbddited rbhSlefith @ 1R Se HRBGLIARNATANRIWAIC MIT
assay and al bum n secretion using an ELI SA-based system Shoji R et al,
2000 ( Cyt ateslohitiolvoaghed 82th udfer 286 yradeeed bedultiie dshgopr Bx@evell ipkeso human
hepat oma cel.l s using..96-wel | t G d_ wyt [ en,
pronecti nr?—adgjresﬁ‘ ?’5%%%%%??%53% lnfgtgeg?éhéggﬁt%’scevw\grc gnnﬁgég&{yg&%gegﬁq lt%ca%blga%el | ul ar
at t achoendishéy yropicases vslhico dua@shofic high \nedltalisy ogthaenaf adyaealslityt inrassayedi um
suppl emented with 10% DVSO at - 850C. se conditions i ntaihed the cells
in the bedtPStAt éthgfi‘“e_r- IS_YeVd‘Z%Vé m %ﬁg?‘ﬁg]g’rcf(’%%\?l?%‘ﬁe‘!ﬁn e 2Hrépat ﬁ%@?bé Ypost
cryopresegyghh | SRS cdilsthdi @ diRt &8hYsSorStheh&dnbiRlite@RENs i tHaymmeadshtdinyol ved
ce

determ ni ng viability by nmeasuring acid phosphat ase
or vessel would provide an enabling technology for the pharmaceutical industry.

15  Therefore, there is a need to improve the workflow by removing one or more steps in the
transfer process from vial/cryovial to culture dish/microwell plate, thus simplifying the
procedure to reduce cost and time. Furthermore, there is a need to improve cell viability
and /or assay performance of cells, which have been cryopreserved in culture dishes or
microwell plates.

20
The present invention addresses the above problems and provides cryopreserved cell
cultures and methods for producing the same, which permit cryopreservation and assay of

reconstituted cells in a single container.

25 SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a cryopreserved cell culture,
comprising: a container having at least a surface, frozen cells supported on the surface,
wherein the surface is coated with poly-lysine.

30



activity and in-vitro cytotoxicity testing (live/ dead dose response curves
in response to challenge with toxic reagents). TECHNI CAL PROBLEM There is a
requi r emewd 20i0kdrbosst he pharnmaceutical industry to cryopres@mpri@ooeiss in
cont ai ners which can be used both for9storage at | ow tenperatures and
subsequently for screening purposes; thus the containers wuld be stored at
sub-zero tenperatures and sinply renoved fromthe freezer to allowthe
cells to thaw and used directly in HTS. Currently, cells are generally

cryopreserved in vials (e.g.. cryovials) and stored in these _vials at | ow
t enper at ur@y-WAPF IS KRy ﬁOégm’fﬂ@Fe tﬁ%%ﬁaﬂ,eﬁ pleceria csligyres ip gfaces bt oo
reconstit ubedtihbavwads geadusldd o VAPREE Wb RuobGinan@vtd At §irbi8Roddo

culture dishes or mcrowell plates I n readi ness for testing/assay in .
At this ticreepreseivhisonghpngrodges thatyie prdesandericficell eitdchurert. di shes or i crowel |
pl ates due to both high nortality on thawing and variability in assay
response. The latter is evident in the |ow Z-factors obtai ned in such
assayss Tirelyalykint tig/routingly yioqr gsemvrcgleltd snoadide adrnddiiediornsSaysnatiai bdls
reconstituted ce|lls in the fane ont ai ner gr Vess mouldggrov'de an

|
enabl i ng tRCRhSHEYYS Fted: fslanssar it Butshieye i%ﬂgﬁwoaﬁﬁgrt 69‘&5 Spe i s a

need to i PRAQNELEEWOKHE b QW uRYn FEERBHRD NG sBk. MRE§oBLERSe bidtlRe nlayansf er
process fromvial/cryovial to culture dish/ricrowell plate, thus

si npl i fyi hynt ¢lectypstatie diivagtions widdihe aegaiyelyarhdraefl meolecmips tPheserfon éhe plagice i s a
need to ipgprove celle viability and /or assay performance of cells, which
have been cryd%reservea’in culture dishes or mcrowell plates. The present
i nventdon addresses the above probl ens and provi des cryopreserved cel

culi ur €5 900 2L 0008, 5 RLSUELNG, S Sor WILSh, BERLT igoptagervari on
I NVENTI ON70-150k). Poly-lysine enhances the electrostatic interactions between negatively charged
ions of the cell membrane and the culture surface. When adsorbed on to the culture
surface, poly-lysine increases the number of positively charged sites available for cell
15  binding. Polymers of both poly-D- and poly-L-lysine, and mixtures thereof, can be used
to coat solid surfaces. However certain cells are able to proteolytically degrade poly-L-
lysine, in this situation poly-D-lysine is generally used to prevent excessive degradation

and eventual uptake of L-lysine.

20  Lower molecular weight poly-lysine (M, = 30,000 - 70,000 kD) is easier to use because it
is less viscous in solution, however higher molecular weight > 300,000 kD provides
better cell attachment per molecule. The molecular weight of poly-lysine for general use

in cell biology is typically in the range of 70,000 - 150,000 kD.

25  In another aspect of the invention the cell culture container is selected from the group

consisting of vessel, vial, microtitre plate and cell culture plate.

In yet another aspect of the invention the cells frozen on the surface of the cell culture
are selected from the group consisting of mammalian cells, insect cells, amphibian cells,
30  fish cells, reptile cells and avian cells. Preferably the cells are mammalian cells. More

preferably, the cells are selected from the group consisting of CHO cells (Source:



According to a first aspect of the invention there is provided a
cryopreserved cell culture, conprising: a container having at |east a
surface, woesmm7eskl s supported on the surface, wherei npCirgErIemioares i s
coated with poly-lysine.Poly-lysine i®m knowmn to facilitate the attachnent
of certain cell types to surfaces but also surprisingly has been found to
i nprove assay performance (even after prolonged cryopreservation) by a
process that is independent of cell attachnent. Poly-lysine is routinely

used as a ol ecule to increase the heS|o | i n cells to

Ul ture { @St Ao lRaTS (e Rimesed B st wRIL dodting 8 66 o
surface (Rk@astd -GnyidbassrRISS7)WM th a solution of cationic poly-lysine. The
pol y-1ysine noi eti es” may forn1e|ectrostat|c attractions with the negatively

charged nol ecul es present |n t he plastlc and/ or gl ass surfaces. Poly-Iysine
is available froma nunber p er ma, P7
P6407, 70Af§@ﬁ}g ﬁ%V§SF??FnéqEC gﬁcés Pﬁgﬁé et gbs?a??%“%ﬁtera @?%ﬁ%r

bet ween negaptaéehihgtens gﬂﬂcdﬂQﬂEuﬁfth%h&tl&@don@ﬁ@hgalﬁtﬁsté}ﬂdjft he culture
surface. VWhen adsorbed on to the culture surface

i ncreases the
nunber of 2pading yBefiuheaniayng rellsdo 94itrcsn a copianenio aﬁeiw ¢k St%itegfﬁers of

bot h pol y1Dmea0dadRhY tdrid ¥ 8diNGutufNd m xtures thereof, can be used to coat
solid surfaces. However certain cells are able to proteolytlcally degr ade

pol y- LIysbh@mhmmaPMDBWSHWﬁ@mmamnpmhmdD-IyS|ne |s general ly used to prevent

i gt pofyeryanaiep PRt E GO B ARhBES B¢ o WS, 10 Mke because it is

| ess Vi sceuhsreimths @lufiddeancoamainveivie pohiighies priad tecteba)y. wei ght > 300, 000 kD
provi des better cell attachnent per nol ecul e. The nol ecul ar wei ght of
poly-lysine for general use in cell biology is typically in the range of

70,000 - 1gR.1948e k[ mbiRcBLAtdIek aaSR@EL to@hhdRe chin¥@RhineR: th PEseehld @iWst ure

container is Selected fromthe group
surfaces. It has been used to culture a wide variety of cell types, including neurons, glial

cells and transfected cells. Poly-D Lysine is commonly used as a culture substrate to
15  promote adhesion, growth, and differentiation for a variety of neuronal and transfected
cell lines. Both poly-D, poly-L lysine and mixtures thereof, can be used to coat solid
surfaces and traditionally functions as non-specific attachment factors for cells. One of
the known functions of poly-lysine is to enhance the electrostatic interaction between
negatively charged ions associated with the cell membrane and the cell culture surface.
20  When absorbed to the cell culture surface poly-lysine increases the number of positively

charged sites available for cell binding.

In another aspect of the invention the cell culture container is selected from the group
consisting of vessel, vial, microtitre plate and cell culture plate.

25
In yet another aspect of the invention the cells frozen on the surface of the cell culture
system are selected from the group consisting of mammalian cells, insect cells,
amphibian cells, fish cells, reptile cells and avian cells. Preferably, the cells are
mammalian cells. More preferably, the cells are selected from the group consisting of

30  CHO cells, HEK293 cells and AD293 cells.



consisting of vessel, vial, mcrotitre plate and cell culture plate. In yet
anot her aspect of the invention the cells frozen on the surface of the cel
cul ture awe walwessed fromthe group consisting of nmamulpicampe@blos7249 Nsect
cells, anphibian cells, fish cells, raptile cells and avian cells.
Preferably the cells are mammalian cells. Mre preferably, the cells are
sel ected fromthe group consisting of CHO cells (Source: ECACC 85050302),
HEK293 cells {Source. ATCC -CRL1573) and AD293 cells {Source: Invitrogen
R705-07). According to a second aspect of the invention, there is provided

a nmet hod &% aBeeprseed afithy vantan ihﬁ oglle @ere @aﬂefimté tepperapgs Aede™ c8Atri si ng
the steps g Fe)f ?'tﬁ@ce‘ﬂ dﬁﬁﬁﬂeg{ﬂtg Qnk %‘o NG 88l Rorl18 1 RULLEEEY Qlf\ns?er
I ow attach to the fr

container to he cells t surface and forma cel

cul ture b)YorddeiengtomgenydpgpEser vati on nmedi um and c) reducing the
tenperature of the cell culture to -200C or bel ow, wherein the surface is
coated with poly-lysine prior to step a). Poly-lysine is a nolecul e used as

a coat 5ngIi @ teRNRP&E oL@k invdhiag imedts prévi@dashttodnd cghdstnghcdlates. |t has
been used to culture a wide variety of cell types, including neurons, glial

cel I's and2tsa%rihs ethed cemprigng i sipppof: pipding amedisaniriRiag e q‘ééoa culture
substrate atsgrfwe%mtcsnt@ﬂ@%' Fl@w {58 OMsho at?a@g tmhfefsﬁffs&unatfmna é&rmﬁm\éar iety of

neur onal transfected ce |1 nes. Both poly-D, poly-L |ysine and
m xt ur es bheddens g crwamemvan@equmrmmatedgomgdnestampqe@lse afrtbe celbeiltuiednal |y

functions 28 pe hnent factors for known
functions o?ze%)‘f Ce%I Sfrt%mig oe(hecn CUT a?%néper?t%rftorfg%s zltaainc%]ﬁ:t’ gitg%‘&

bet weem n&gaaiensley mlserkgaﬂhg @i ePatGr ea)fﬂidethc&hiufm dnkd fj bendoetidg enmhtbraameaﬁnd t he

cell culture su face bsorbed to.the cell |tyre surface poly-Ilysine
i ncr eases °F HE %63{ tevEIRe OREImgE S ceried ey ay-Sime PriF el
bi ndi ng. g

In one aspect, the method comprises adding a medium containing cells to a surface of a
15  container to allow the cells to attach to the surface for a period of 16 hrs and form a cell
culture, replacing the growth medium with cryopreservation medium (90% fetal calf
serum and 10% of Dimethyl Sulphoxide (DMSO)), reducing the temperature of the cell
culture to freeze the cells, storing the cell culture at a temperature of less than -20°C, then
thawing the cells by raising the temperature of the cell culture, and conducting a cellular

20 assay on the cells.
In another aspect the cell culture is stored at a temperature of -80°C.

In a further aspect, poly-lysine is selected from the group consisting of poly-D-lysine,

25  poly-L-lysine and mixtures thereof.

In yet a further aspect the container is selected from the group consisting of vessel, vial,

microtitre plate and cell culture plate. Preferably, the container is a cell culture plate.

30 In one aspect, the cells are adherent cells. In particular, the cells are selected from the

group consisting of mammalian cells, insect cells, amphibian cells, fish cells, reptile cells



I n anot her aspect of the invention the cell culture container is selected
fromthe group consisting of vessel, vial, mcrotitre plate and cel

cul ture pietelo/dimwsget anot her aspect of the invention trerapbéd/obr2ezen on
the surface of the cell culture system are selected fromthe group

consi sting of mamalian cells, insect cells, anphibian cells, fish cells,
reptile cells and avian cells. Preferably, the cells are mammal i an cel | s.
More preferably, the cells are selected fromthe group consisting of CHO
cells, HEK293 cells and AD293 cells.In another aspect of the inv ntion t he
cel I's wer @ndevippaclly Pacterahiye thersshie aisanapmalacells Mioes peterabhaphscellnarecel |

culture pls@lteaem%mftﬁ@@ Cptcgns1§1(1¥gf oo ddnshiexhed Lanedd Ahobs apsd er for

| onger storage at - hird aspect of the invention, there is
provi ded a nethod for conductlng a ceIIuIar assay, t he nethod conpr|S|ng
t he steps ;0 % addi s to a surface of

cont ai ner Rnafofrtor e ba U R B s "FadRe Bl P it BF R il

cul ture; Prefaddiyngie aniCloypi&s efe\cahie® Withediywlking) reducing the tenperature
of the cell culture to freeze the cells; d) storing the cell culture at a

tenperature of |ess than -200C, e) thawng the cells by raising the

tenper at urg a0t Taﬂ&h&eis#;e&l{lfttﬁé Envedfich fie CANGMUGE] OhiAnG8Y |sb'1|eé’déd 238AMeoN the
cells, wherein the surface of the container is coated with poly-Iysine

prior to grep cajsisting ofwessalk g tmictotitre ptdvnd ceBepltirs ekteaaddi ng a medi um

containing cells to a surface of a container to allow the cells to attach
to the surface for a period of 16 hrs and forma cell culture, replacing
t he gnowt efieidionsn Wi t h cryopreservatlon nedlun1(90@6fetal cal f serum and

10% of Di Sul phoxi de ucin tenperature of the cel
culture t F?ég Feng En%@FF%g %ﬁﬁ“? ‘Eﬁﬁ?t ?HF@“%P“@”?%hperature of

less than -200C, then thaw ng the cells by raising the tenperature of the
cel | cult WeBuiapMls5PNdUCGhiMR8d 3r ¢&4 I Alamining cellular processes triggered by the

action of a compound and a means to measure the cellular output. Such assays are of
15  particular use in drug screening. It will be understood by the skilled person that cell death

or viability would not be included in this definition.

Cryopreserved - preserved by the use of cryopreservation (the preservation of biological
tissue including intact and viable cells at cryogenic temperatures, typically at -20°C and

20  below).
Frozen cells - intact and viable biological cells maintained at —20°C or below.

Cryopreservation medium — sometimes referred to as “cell freezing medium” is any
25  medium which contains a reagent or composition which reduces cellular damage or
injury during cryopreservation or freezing. Examples of such cryopreservation media
include, but are not limited to, Dimethyl Sulphoxide (DMSO), foetal calf serum, glycerol,
Dulbecco's Modified Eagle's Medium (DMEM), trehalose and mixtures thereof.
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assay on the cells. In another aspect the cell culture is stored at a
tenperature of -800C. In a further aspect, poly-lysine is selected fromthe
group consoWiongewk pol y-D-1ysine, poly-L-lysine and m prurepso®heraof. In
yet a further aspect the container isi3selected fromthe group consisting of
vessel, vial, mcrotitre plate and cell culture plate. Preferably, the
container is a cell culture plate. In one aspect, the cells are adherent
cells. In particular, the cells are selected fromthe group consisting of
manmal i an gel l's, i nsect | s, anphibian cells, fish cells, reptile

cel | sand éﬁ%@ﬁ?éﬁﬁ@%ﬁ””ﬂ#&ﬁ%rably, the cells are mammalian cells. Mre

pr ef er abl yrhid Besselidls (R ResLbREE Bls E%&ﬂ@tt(ﬁ%qﬂtﬁs@ld&aﬁgmeﬂtﬂyr’tge REaf$O cel I's,
HEK293 cel |l s and AD293 cells. In another aspect, the cells used in step a)
are att achuminys agrnig(stimpres) gbeyo- carri ers. Preferably, the mcro-carriers
are coated wth poly-lysine. In a yet another aspect of the invention the
cell culture container is selected fromthe group consisting of vessel,
vial, M ciSigral-rmigel (&) and cell culture plate. Definitions: The foll ow ng

terns are.to be ynderstood in the context. of the prese inyentiqn:
oo ol ar - LB TSRS BRGRecbl sB i ASe RS 3P0 osribe Sealibe gger ed
by the achbhékgraiindasR9aPONBA iRfichtion BEARSy p@fommasddr € the cel lular out put.

Such assays are of particular use in drug screening. It will be understood
by the skilled person th a ' 'ﬁgility woul d not be included in
this definition. FTynprnikﬁﬁﬁgg@qﬁrhgﬁgégﬁg y)fhP use of cryopreservation

and viable cells at
2 Frozen cells intact
| ow.

(the preservati
cryogéhi c tenper
and vi abl e bi ol

a{SHr(d dev:%t»lxrpdluggdorln% _Q.t (Sﬁ%g?&yx%t%ﬂérgg%ggﬁ%

gl cal cells maintal ne

Z-factor

This is used generally by the pharmaceutical industry to assess assay performance. In
15  statistics, the Z-factor is a measure of the quality or power of a high-throughput screening

assay. The formula includes the means and standard deviations of plus and minus agonist

assays. The closer the value approaches 1 the better the performance. For cell based

assays > 0.40 is generally considered good, while values of 0.5 and above are considered

excellent (Zhang et.al . (1999) A Simple Statistical Parameter for Use in Evaluation and
20  Validation of High Throughput Screening Assays. (J Biomol Screen., 4 (2) 67-73).

1 3 (Standard deviation plus agonist) + 3 (Standard deviation minus agonist)

(Mean plus agonist) — (Mean minus agonist)

25

Further features and advantages of the invention will become apparent from the following
description of preferred embodiments of the invention, given by way of example only,

which is made with reference to the accompanying drawings.
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Cryopreservation nmedium - sonetines referred to as "cell freezing nmedi unt
is any nedi um whi ch contains a reagent or conposition which reduces

cel | ul ar wemag@7erssi nj ury during cryopreservation or freezigrgooobszapl es of
such cryopreservation nmedia include, faut are not |imted to, D nethyl

Sul phoxi de (DMSO), foetal calf serum glycerol, Dul becco's Mdified Eagle's
Medi um (DVEM), trehal ose and m xtures thereof. Signal: Background (S:B) This
is essentially the mean of the plus agonist (stimulus) assay divided by the
mean of thajR Pnﬂi ) | L Signal: noise (S:N) This
formul a t dbRtEl DESCE ’ geY/i ati ons observed with both the
si gnal and background assays It is an |nd| cation of assay performance.
Mean (plus agonist) - Mean (mnus agonist) 2 2 (Standard deviation plus
agoni st) -Thedplavdiag desdepticn Somn by ey odgermpe.)is Fotfiatendsd (T hist the presend

general |y S ce. In
Srati ot sl pREe bhER L RS, B BB R Pbc R ALY

hi gh- t Br oughjputtiosorieethi agroapanying Tigeres, Qndﬂﬂﬂ)(ﬁatbdhhérﬂﬁéﬁ/ iefegenceans and

st andard g;ew at.i ons of Ius and m nus é oni sth assa QE ?é ser the val ue
oot oachod s BRv s br SRt Yt LR e hagr e Bttt e ihPeshrbio T
general l'y;gon ?écg&[)ﬁl‘élmg%@em V@ahéﬁlﬁgabfi &S vRficHaP S%%nﬁ?ovﬁusa%ﬁtdi)@ nt%%s(?ﬁr ed

excel l ent (Zhang et. al A Sinple Statistical Parameter for ein
Eval uvat i oradmndgktademj:@ctrr (Emhmfcecﬂ-llgg%n'ﬁhroo&sghm qirotSnroeHm((DIgOA&' SHYRAR-BEGBPonol

Screen., 4 St andar d .devi at.i.on st) + 3 (St andard
dovi at | on “iPRse bV ey P ESRY B GOl S DERE R R FSPRESH D)

Furt heg fgﬁ& yﬁ@%r@@%SMM@H ages of the invention will beconme apparent from
the foll ow ng

Figure 1b shows a comparison of images of Human Embryonic Kidney 293- Vesicular
Stomatitis Virus tag-p2 adrenergic receptor- Enhanced green fluorescent protein cells
(HEK293 VSV-B2AR-EGFP stable cells) grown on plates coated with and without poly-

15  lysine before cryopreservation and after cryopreservation.

Figure 2 shows a comparison of the viability of cell lines (CHO VSV-2AR-EGFP
stable and HEK293 VSV-B2AR-EGFP stable) seeded on to plates coated with and

without poly-lysine, determined post thawing using the Cell Titer-Glo luminescent cell

20 Viability Assay (Promega).

Figure 3 shows the comparison of assay performance of cryopreserved AD293 cells

seeded on to plates coated with and without poly-lysine.

25  Figure 4 shows Agonist (a) and Antagonist (b) dose response curve for CHO VSV-
B2AR-EGFP cells

Figure 5 shows agonist (a) and antagonist (b) dose response curve for HEK293 VSV-
p2AR-EGFP cells



description of preferred enbodi nents of the invention, given by way of
exanpl e only, which is nade with reference to the acconpanyi ng

dr awi ngs.\wBl2&f/PREERI PTI ON OF THE DRAW NGS The f ol | owi ngcaapedioptien, gi ven
by way of exanple, is not intended taislimt the present invention to any
speci fic enbodi nent described. The description nmay be understood in
conjunction with the acconpanying figures, incorporated herein by
reference. Figure la shows a conparison of inages of Chinese hanster ovary
cells stably expressed in a reconbi nant protein consisting of a Vesicular
Stomatitis Virus epitope tag-b2 adrenergic receptor- Enhanced green

fl Uoresce@EﬁAﬁE@b%E&%ﬂﬁ’#l%ﬁ%ﬁ%mlﬁ%ﬁl able cells) grown on plates

coated with and w thout po sine before cryopreservation and after
cryopreservation. Figure Ib shows a conparison of images of Human Enbryonic

Ki dney 293- Vesjcular Stomatitis Virus tag-b2 adrenergic receptor- .Enhanced
green flu rrléfls?:ré%? Spﬁ&of}éei I?'feséegt Ilrévef“il—ﬁk%%c ‘P/{eﬁefﬁs[ E%Eg%gr%bﬁognpgig% é)f Iézfgr own
on pl as es cemainedhaviddatande wWeiiddtio paligh %8 iffveerbedliorage apyopéd satdvatdrein and
after cryopreservation. Figure 2 shows a conparison of the viapility of

cel | i nedheseriesamyiheochreufiyeps soaie with apohEisias Nsproy)sipn ptpme- %paﬁﬁ%)

seeded Oncf}%pfbls&‘%z&?céiﬁ% ed Whikdte 3Ddeht LPWduPOINE-An¥otinNES 1ifhe tspEdToned]ipost
thawi ng usi'ng the Cell Titer-@ o Tum nescent cell Viabili t?‘ly Assafy ;
c drapftected.

( Pronega) culRirgumeniBulshass Else celtpenyi dencigier asgaienfer drosivh ]
CryopreseRStARAZ 63415 PSR 0 L0 R, SSEL LALLM e

pol y-1ysine. e agoni's response
cur veld or réa@inSNe fbe2ARg EFdRuaetdliswed dyresimp&hPBS vagbnng taddi@pn afidssay

ant agoni st gll%) dose response curve for HEK293 VSV-
mediam.

Poly-lysine compounds have surprisingly been found to improve assay performance
(even after prolonged cryopreservation) by a process, which is independent of cell

15  attachment. This improvement functions by at least two separate mechanisms:

i) Promoting and maintaining HEK293 cell adherence especially after prolonged
cryopreservation and through multiple washing steps. Poly-lysine mediated cell
attachment is a well established phenomenon for HEK293 cells; indeed increasing cell

20 adherence is one of main cell biological uses of poly lysine.

i1) Poly-lysine affects CHO cell line morphology (Sordel et al. Influence of glass and
polymer coatings on CHO cell morphology and adhesion. Biomaterials Vol. 28, Issue

8, 1572-1584, 2007). In traditional CHO cell culture, poly lysine is not used routinely

25 as it is considered unnecessary as CHO cells adhere to “cell culture plastic” very
efficiently. However, the use of poly-lysine prior to cell cryopreservation appears to
enhance assay performance without influencing cell adherence. On closer inspection of

the CHO cells + poly lysine, a correlation appears to exist between the numbers of

cells exhibiting a raised morphology and improved assay performance (as determined

30 by Z-factor measurements).



b2AR- EGFP cel | sDETAI LED DESCRI PTION OF THE I NVENTIONIn a first aspect, the
present invention is a cryopreserved cell culture, conprised of a container
havi ng atwbeaswo7eossur f ace to which the frozen cells arepsumpesose24and
wherein the surface of the cell cultue is coated with a poly-lysine. The
provi sion of pre-dispensed cryopreserved cells in cell culture systens wll
reduce the anount of tinme spent on cell culture manipul ations. The cells
may be either transiently or stably transfected. Processing the "ready to

go" pre-fr zen WO invol ve sinply defrostjng e pl Vi ng
the freez.'?fa {? dreigjlw 11y can EPREF%%@S%@W %Hﬁ?%alil traamaﬁﬁg/gsay
nmedi um PQhMﬂkM§hQ%oﬁ@ﬂ&QﬂﬂQ@mﬂﬁMﬁ:ﬁ@ﬁﬁﬁﬁﬁ*&ﬂEYOH@%thﬁkﬂﬂw{anﬂﬁm@&@ assay
performance (even after prolonged cryopreservation) by a process, which is

i ndependermololysielis tepnls@@hfrrﬁm elecrms@tlp mmemh@tmm@@gaendywamedlle@st t wo
separate neg f&g@rd i, ceﬁ’én%ﬂ}%ﬂn’é%nﬁ‘% | taxle%laﬁgﬁa ﬁ% %édt %‘eeée?”ce

especially a fSrge cryopreservation an e was
st eps. 5Polcyktirg surfecenmdy- %fsﬁﬂ in@tdseatheanhbents pcmtevmedﬂar@stsaad a\&hade for

phenoneno EK cells; ind ed i ncreas cel | rence is o of

mai n cel | CB%@M@? Fongiaue awa§e|w 14age PﬁL drg i MR S

| i ne nor pholoagy- (S000ed 188 vatous! fdouRIECAHAT thElleBS RN RBOLYITRE: GOREIRIS ON
CHO cel | nDrphoIogy and adhesion. Biomaterials Vol. 28, |ssue 8, 1572-1584,

2007). | nPebaabins 5rRa0-08Rorailes morg aitackmepiatitgs pgrsnaleculss Asatcompseimise thei nel y
as it is 59g§& (ggbggﬁqﬁegggqmoaqsgkgbcelIs adhere to "cell culture

plastic" very efficiently. However, 'the use of poly-lysine prior to cel
cryopd@servati on appears to enhance assay perfornance wi t hout |anuenC|ng

cell adherence. .On cl oser. ectl n of ggﬁ si ne
corr el at S aHh ERES o BRI T G atR 1f MeS Fobry Grade pBR-Lyae! s
situation the cells can be dlsrupted by excessive uptake of L-lysine and therefore poly-D-

lysine should be used as the polycation.

15 The cell culture container is selected from the group consisting of vessel, vial, microtitre

plate and cell culture plate.

The cells frozen on the surface of the cell culture are selected from the group consisting
of mammalian cell, insect cell, amphibian cell, fish cell, reptile cell and avian cells. The
20 cells are preferably mammalian cells; more preferably mammalian cells selected from the

group consisting of CHO cells, HEK293 cells and AD293 cells.

The following list consists of mammalian cells that are representative of those likely to be
applicable for the use of the present invention. The list is given as an example and should
25  not be considered as limiting. In addition cells, which stably express heterologous genes,
are also part of this embodiment e.g. the cell lines HEK293 and CHO stably expressed

with the 2 adrenergic receptor as previously described.

a. Representative cell lines
30 Hela Negroid cervix adenocarcinoma (human)

HEK 293 Embryonic kidney (human)



cells exhibiting a rai sed norphol ogy and i nproved assay performance (as
determ ned by Z-factor neasurenents).Both poly-D and poly-L |ysine can be
used to cwetomml7bassur f aces and traditionally functionspas/Eresspras fic
attachnent factors for cells. One of tthe known functions of poly-lysine is
to enhance the electrostatic interaction between negatively charged ions
associated wth the cell nenbrane and the cell culture surface. Wen
absorbed to the cell culture surface poly-lysine increases the nunber of
positively ged sites_available for cell binding. Poly-lysine is
availablelpzpiﬁrange of 5???@$§ﬁ¥mﬁﬁﬂéwﬂpgr wei ghts e.g. M- 30,000 -

70, 000 is (.egss vi scous i Bog@bditds@RomAdell NRLBLPr e easier to dispense
however, poly-1ysine > 300,000 provides nore attachnent sites per nol ecul e.
As a conptbfrie the pref depagmpdiymanysi ne ML-is 70, 000 150, 000. I n sone

i nstances gerfain cells r | vt j r ol y-L-lysine
inthis s#?gg%ion the ce &%mgﬁﬁg%E%H?gfﬁgggé&%§gg&%%%ggvggﬁggake of
L-1ysi e &kgGlher ef or e pblwr Bipgsicaitulshatdicbrwe(husad) as t he pol ycati on. The

cell cultyye container is selected fromthe group consisting of vessel,
vi al , nic?%?? re plate aﬁﬁp%%Fﬁu%ﬁﬁFﬂP@nbB%F%WSThe cells frozen on the
surface ofgjthe cell cul t ps@siak BbBl8CHEFafy OM t he group consisting of
manmal i an cel|l, insect cell, anphibian cell, fish cell, reptile cell and

avi an cel KACQhe cel | s afelopictd adamprarcinpmadhiaa)cel | s; nore preferably
i | ect ed .St ll's, HEK293
manmal i an 1s selec eTﬁ%ﬁggb%gg?%ggﬁﬂd989%%5£ﬁ£9mg%1na cells

cells and 293 cel | s. 1 st consi sts lian cells that
are r&pr eSemntsand WEHAT3t hBmbrloi fibedhlastt dmbesepppl i cabl e for the use of the

present i ion., The I} IS give an anple and shoul.d not be
bons: der e 0S8 PR i ng. TG ke g SR Seduiro il

het er ol ogou® gemesi)ar e ehineseFanist@fOvaly sclgThaditerent e.g. the cell lines
HEK293 and CHO stably expressed

b. Representative primary cells

15 HUVEC Umbilical vein endothelial cells (human)
MHEpC Mammary epithelial cells (human)
HTEpC Tracheal epithelial cells (human)
HAOEC Aorta endothelial cells (human)
PBMC Peripheral blood mononuclear cells (human)
20
¢. Representative stem/progenitor cells
hESC-BGO1V Embryonic stem cell line (human)
ES-C57BL/6 Embryonic stem cell line (mouse)
MLPC Multi lineage progenitor cells umbilical cord blood (human)

25
d. Representative carcinoma cells

NTERA 1 and 2 Testes embryonal carcinoma cells (human)

Lower molecular weight poly-lysine (M, = 30,000 - 70,000 kD) is easier to use because it

30  1s less viscous in solution, but at higher molecular weight > 300,000 kD provides better



with the b2 adrenergic receptor as previously described. a . Representative
cell lines HeLa Negroid cervix adenocarci noma (human) HEK 293 Enbryonic

ki dney (hwoanjols32issN1 Brai n astrocytoma (human) U2 OS BomEro@beeRas Cona
cell (human) Huh-7 Hepatonma (human) K562 Lynphobl ast (chronic nyel ogenous
| eukaem a) (human) HepQ& Liver hepatocellul ar carcinoma (human) Hep3B

Hepat ocel | ul ar carcinoma (human) BJ Foreskin fibroblast (human) CACO2

Col orectal adenocarci noma (hunman) MCF7 Human rrarmary gl and adenocar ci nona
(human) Swi ss and NIH 3T3 Enbryo fibrobl ast (nouse) COS-1 and -7. SV40

t r ansf or msell RitashEpniRIr Malpgyde. T%\F odegHlag gt ﬁﬁﬂ%éﬂ“@f@r eeagsl kg nilnese

Hanst er qlﬁrﬁfe e e primary cells HUVEC
Unbi | i caloll)\i}{eélf%?):lg otagulg %I)e%e%ﬁ %gdrjraz Elz/?}?Ell?pl\é Manmary epithelial cells

(human) HTEpC Tracheal epithelial cells (human) HACEC Aorta endot heli al
o R BN et B L 0, TRACIULER B Bk 1 e
(human}  improve the survival of many cells derived from the central nervous system. As poly-a-
lysine is a synthetic compound it generally does not stimulate a biological response in the
cultured cells. As it is generated synthetically it routinely does not contain any biological
impurities that can be an issue associated with other natural polymers.
Some examples of cell lines routinely cultured on poly-lysine include — HEK293 human
10  embryonic kidney cells (Sugawara, T. et. al. A missense mutation of the Na+ channel
alpha II subunit gene Na(v)1.2 in a patient with febrile and afebrile seizures causes
channel dysfunction. Proc Natl Acad Sci U S A. 98(11), 6384-9, 2001), MDA-231, breast
cancer cell line (Yoneda, T. et. al. Inhibition of osteolytic bone metastasis of breast
cancer by combined treatment with the bisphosphonate ibandronate and tissue inhibitor
15 of the matrix metalloproteinase-2. J. Clin. Invest. 99(10), 2509-17, 1997), anterior
pituitary cells (Hinuma, S, et. al. A prolactin-releasing peptide in the brain. Nature,
393(6682), 272-6, 1998), microglia MG-7 cells (Szczepanik, AM. et. al. Amyloid-beta
peptide fragments p3 and p4 induce pro-inflammatory cytokine and chemokine
production in vitro and in vivo. J. Neurochemistry, 77(1), 304-17, 2001), and rat primary
20  astrocytes (Little, EB. et. al. A short segment within the cytoplasmic domain of the neural
cell adhesion molecule (N-CAM) is essential for N-CAM-induced NF-kappa B activity in
astrocytes. PNAS USA, 98(5), 2238-43, 2001).

Poly-L-lysine has also been used to culture two different cells as patterned co-cultures.

25  Hyaluronic acid was used to immobilise the initial cells on a glass substrates.
Subsequently poly-L-lysine was absorbed in discrete patterns on to the hyaluronic acid
thereby altering the properties of the culture surface and thus promoting the adherence of
a second cell type. The utility of this approach has been demonstrated to co-culture
embryonic stem cells with fibroblasts (Khademhosseinin, A. et. al. Layer-by-layer

30  deposition of hyaluronic acid and poly-L-lysine for patterned cell co-cultures.
Biomaterials, 25, 3583-92, 2004)



ES- C57BL/ 6 Enbryonic stemcell |line (nmouse) MLPC Multi |ineage progenitor
cells unmbilical cord blood (human) d. Representative carcinoma cells NTERA
1 and 2 Tweten/@missyonal carcinonma cells (human) Lower wolrapeécancimes ght

pol y-lysine (ML-= 30,000 - 70,000 kD)19i s easier to use because it is |less
vi scous in solution, but at higher nolecul ar weight > 300,000 kD provides
bettercell attachnent per nol ecule. The nol ecul ar wei ght of poly-lysine for
general use in cell biology is typically in the range of 70,000 - 150, 000
kD. Poly-lysine treated solid surfaces have been shown to support neurite
out gr owt hdOBhlysingyfoaied ¢REroguMISTOsEPPHPPIRERSH didp shaa%rhe%dmﬁj dmvisalisent r al

nervous Slﬁ%hﬁg‘amﬁéngé'sbfa@d DNWSIBRChISs @Vﬁle?ﬁshﬁb @S&W d ﬁ'&g gzi%f[?}@[{t?;ﬁ y does

not stinulate a bio I cal response in the culture
generatedQéymﬂaeuwbavamzwmmdlwkw@byndoes%motp@mﬂ@afhmaﬁﬁﬂﬁjbﬂégﬂééb
|npur|t|e§ 5@@% %an be an issue associated with other natural polyners.
Sonme exanp F ( cell lines routinely cultured on poly-Ilysine include -
HEK2935hunan enbryoni c kidney cells (Sugawara, T et. a h A m ssense

mut ati on of the Na+ chanpel alpha I 1 subunit (v)1.2 in a ati ent
wi th febr BU&oRaeeraymBpt f (BaEHCsHY & HoRAIES aélﬁ%rﬁhléebaa%? arsent g the NNat |

Acad Sci $§At 188( Iese 6884 1800 LbeedVDedBorhtedP iBRS Lal GARE €ho S8l lyslnene

( Yoneda, ah Inhibition of osteolytic bone netastasis of breast cancer
by conbi nedcroeaparlaeduring trhcrpmosms prepsiphoman erdeban drcdifatcecrsomiesenssoe

I nhi bi t or ’1[354?%\&@ 125%5&(&66 IH%{‘ s?xpersoatrg Ifﬁ%?fe@ (daed a‘Eld s%@'e@t’e%l t@‘fﬁfgt terrg Q}JOO)

2509- 17, anterior
pr0|a¢®insﬁ@hgﬁshﬂ@mp3®®ndememothSMEdbﬂ;n&hmumﬂyﬁ&&ﬁ@ﬁ@ﬁﬁ%xy@ﬂ@e@wﬁ1998),

mcroli BMEE ColS (EersRANK, i 2L oD, Al 1 hets el e[ agren
vitro anduBiVésy On Jhe NOWIEAGNE Y SBINobdctdrt) + Lod8d Linl , 4125 Pcﬂﬁdl)kﬁz%
pri mary Microparticles during the Freeze-drying Process. Arch Pharm. Res., 29(8), 707-711,
2006).
15
Poly-L-lysine coated plastic and glass dishes have also been used to study the processes
associated with the development of the fish embryo. Fish eggs generally do not adhere to
many cell-culture-treated surfaces. However, the eggs will attached to the plastic and
glass dishes that have been coated with poly-lysine. Sperm is then introduced and the
20 eggs fertilised and the resultant developmental processes monitored (Andoh, T. et. al. The
use of poly-L-lysine to facilitate examination of sperm entry into pelagic, non-adhesive

fish eggs. Int. J. Dev. Biol. 52, 753-7, 2008).

EXPERIMENTAL

25  The present examples are provided for illustrative purposes only, and should not be
construed as limiting the scope of the present invention as defined by the appended
claims. All references given below and elsewhere in the present specification are hereby

included herein by reference.

30



astrocytes {Little, EB. et. ah A short segnment wthin the cytoplasmc
domain of the neural cell adhesion nolecule (NNCAM is essential for

N- CAM i nowoediodFedsappa B activity in astrocytes. PNAS UBATI/EP2(00)6722238- 43,
2001). Poly-L-lysine has also been uswd to culture two different cells as
patterned co-cultures. Hyaluronic acid was used to i mMmobilise the initial
cells on a glass substrates. Subsequently poly-L-Iysine was absorbed in

di screte patterns on to the hyaluronic acid thereby altering the properties
of the culture surface and thus pronoting the adherence of a second cell
type. The lufieptingolgellicyiture,plafesrith haly-IbeHedenonst rated to co-cul ture
enbryonic stemcells with fibroblasts (Khadenhosseinin, A et. ah

Layer - by-1| ayer deposition of hyaluronic acid and poly-L-lysine for
pat t er ned Pest-P-lgunchydrohresudeRiSenea, Er/# &, 3, 3098 or B6SHL 90150004 P FHutysinsi ne

coat ed el lcr eci fil ave_Dbe used. t ' I se

doubl ¢ and’ LRI B FSEREIGRGEPETT b Wit ForeTE RSB BB SR e ¢ or
adsor pti ofPBS). naic hléjuoaciods) andtispengdring thowelleeta @l diltorcoxcwe phpe Thiven
films. PNAS, 74(6) 11- 2315, 1977) Bifid cteriumis a G ampositive,
non-not il & maﬂﬂééﬁdofmj O hueeira ‘ﬁ’_i"@%fée\‘fe ftmﬁ@%ﬁw&‘am PB’Fét‘_PYT’W@E@
bacteria hanepheen dIMGRINPRIRERd MHIOhE WD Shd0} Yindes Wi H&i18TPR6QEARS Ul €s
during m crocapsul es I%ﬁé)ar ation in order to facilitate cryopreservation.

The bact epifigred pie dPRP 8@ apsul es are freezed-dried and subjected to | ong
termcryostrorage . In this instance the poly-1lysine does not actually

function as a cryoprotectant but was used as a nean to stabilise the basic
al gi ndf e st findtaddeiohCefi 000 PBS. is abtainkf fte prevefit &dihig iThe podyrlyistne Maebi | ity

of Bifidobacteria Loadedin. Al ginate ly-1-lysine Mcropartigles during
Che. Fr ees B Jh ot ab e et opRF Srbot b gpaynebiged b £5556)
The use of poly-D-lysine is given as an example and is in no way limiting.

15 2. Cryopreservation

Cells were grown in cell culture vessels using routine cell culture techniques as described
in “Cells — A laboratory Manual”, Spector D.L., Goldman R.D. and Leinwand L.A., Cold
Spring Harbor laboratory press (1998). At the appropriate growth phase the cells are
20 removed from the surface of the cell culture vessels using commercially available x1
trypsi/EDTA (Ethylenediaminetetraacetic acid) and re-suspended in the appropriate cell
culture medium. Cells numbers are determined using the Chemotec Nucleocounter

according to manufacturer’s instructions.

25 Cells 20,000 or 5,000 were dispensed in volumes of 100 ul & 20 pl respectively into
either 96- or 384-well poly-lysine coated Costar tissue culture treated white polystyrene
cell culture assay plates (Catalogue number 3917 and 3712) respectively and allowed to
attach and recover for 16 hrs. The following day the medium was removed and the cells
washed twice with commercially available PBS. Cryopreservation medium composed of

30 90% foetal calf serum and 10% DMSO was dispensed on top of the attached cells. The

edges of the cell culture plate were then sealed with parafilm (Pechiney Plastic Packages)



Pol y-L-1ysine coated plastic and gl ass di shes have al so been used to study
the processes associated wth the devel opnent of the fish enbryo. Fish eggs
gener al | ywoaeomatroedhere to many cell -cul ture-treated surtamesoosiemeyer, the
eggs will attached to the plastic anaigl ass di shes that have been coated
with poly-lysine. Spermis then introduced and the eggs fertilised and the
resul tant devel opnental processes nonitored (Andoh, T. et. al. The use of
poly-L-lysine to facilitate exanination of spern1entry i nto pel agi c,

non- adhesi ve fish eg g I nt. 753-7, 2008) . EXPERI MENTAL
The presert ‘Ehkaimpp d& %Ha@%rsé%li%eﬁlm @ﬁd |ﬂllq e@tr? Rt & ristned 9w Es Sean \Bartgiq
shoul d noty; i on as
defi ned by tﬁ(Egaﬁg%%ﬁgdgﬁgﬁ%ﬁgﬁiﬁg(%§$g§§%§§§93?5gﬁzﬁgﬁﬁa?ggéagﬁggﬁhere in
t he pr eserfblispddyftiansfer fon lenger stergbyt -4 Cuded herein by reference. 1.

Coating of cell culture plates with Poly-D-1ysine. Poly-D-Iysine
hydr obr om de (Si gma, P7405, > 300k or P6407, 70-15Ck) - Poly-D-lysine is

di ssol yed 3t asaayqepeemanad i on of 100 ng per m in sterile Phosphate buffered
saline (PBS). An aliquot (50 m) is dispensed into the wells of a cel
culture 96-well plate. This is incubated for 30 min at roomtenperature
(typicall i | y@P I IS
B R L e T A

sal i ne ( PBSyost.20@ cn}i(o)mesmmraﬂne@ldm wasanmof’edmﬂ the caBY erswashied iwiee With

prevent 9ok i T, 0Ll YL A%, OREHALT D S REp LGPl 0o

pol y- Dol yaided. The @eN-BhsedSaseiy wxapat@maddising the nvat waptopriaie hiedgrd dhd/or
Cryopreservation Cells were grown in cell culkyaf vessel s using routine

cel | cul t GPamerailyiayaldlslt i dhe reptpr system emp

(1) Effect of poly-lysine on cell attachment and morphology,

15 In the process to understand the effect of poly-lysine on cell attachment and morphology,

images of cells grown on plates coated with and without poly-lysine before and after

cryopreservation were compared (Figure 1).

In the case of CHO VSV-B2AR-EGFP stable cell line (Figure 1a), in the presence of
20  poly-lysine a raised cellular morphology is observed. This morphology is absent when

cells are grown in the absence of poly-lysine.
In the case of HEK293 VSV-B2AR-EGFP stable cells (Fig 1b), poly-lysine clearly
functions by promoting and maintaining cell attachment. In the absence of poly-lysine

25  the cells are probably detaching during the cryopreservation and washing steps.

i) Effect of poly-lysine on viability of cell lines

The viability of cell lines seeded on to poly-lysine coated plates was determined post-

30 thawing using the Cell Titer-Glo luminescent cell viability assay (Promega).



in "Cells - Alaboratory Manual", Spector D.L., Goldman R D. and Lei nwand
L.A, Cold Spring Harbor |aboratory press (1998). At the appropriate growth
phase t hewoeblm7esse renoved fromthe surface of the cel lpcewrroamwpcxnessel s
using comercially available x | tryp=i n/ EDTA (Et hyl enedi am netetraacetic
acid) and re-suspended in the appropriate cell culture nmedium Cells
nunbers are determ ned using the Chenptec Nucl eocounter according to

manuf acturer's instructions. Cells 20,000 or 5,000 were dispensed in
volunes of 100 mM & 20 m respectively into either 96- or 384-well

pol y- 1 ysi ﬁ@lléwtee@@e@dsma%twgreléte&(:# PRV BYHRD LN EPIHRTVES apd ihpB tsprEpréct e |
culture assay plates (Catal ogue nunber 3917 and 3712) respectively and
allowed to attach and recover for 16 hrs. The follow ng day the nmedi um was
renmoved amgd dahée @ednl flormdiuesl? tinitecase bht}e@m@m\aBQ&RaﬂﬁFH’ aable cE’lBBne,
Cryopreservation |um conposed of 90% f et a| f serum a DMSO was
di spensed%ﬁ’@%ﬁ?%‘f ffﬁ‘@n%tft‘f’%ﬁs‘;’éﬁd gbfgllsviaby B"%"@’e&@f“ﬁﬁ@veﬁ%ﬂ’ pte W%’lﬂre pl ate
wer e thenyggghedol wlgﬁn@%@w g &Pfe?mym@ymg’l Red 6t PAFKAGREN OitaMhAdTRR
Laboratory Seal I ng I'mand the entire’plate wapped with Saran Barrier

W ap ( DowirGpwene crybp@empaiiey) . The cell culture plate was frozen to -800C for
16 hrs followed by transfer for |onger storage at -1400C. 3. Assay
Performance On resurrection, the frozen cell culture plates were renoved

from - 140BGwaneé, &l thowed dfahs BIEKDSB . VINGB20RYPOF B SRbMadei] dihe/mbdipwien@sofr enoved
and the cells were washed twice with pre-warnmed PBS. Assay nedi.um

suppl emenPeld-lyging sicpdicaybr @mrp‘éqselug@aﬁﬁp@pe ik BRASTARI é@lesel'ﬂ@a defHased
assay o%,%fhfe? hé*%élf‘ﬂné edam)%ﬁat W@gﬁk @a@oﬁ@w@%ﬁﬁ%@ﬁamem ally
avai l abl e or the reporter system’enpl oye Ef f ect of polv-Ilvsine
on cel |l atttzbmerinduragdhaayqghedeogyion andlwaﬁeng)pro@@sws{o under st and t he effect
of poly-lysine on cell attachnent and norphol ogy,

ii1) Effect of poly-lysine on cell assay performance

15  Cells were seeded at 20,000 cells per well in 96-well plate with (+) and without (-) poly-
lysine and allowed to attach overnight, growth medium was removed and freezing
medium added (90% foetal calf serum and 10% DMSO). The plates were sealed and
cryopreserved. As controls, cells were also cryopreserved using the traditional “Cryovial”
preservation system. (Cells — A laboratory Manual, Spector D.L., Goldman R.D. and

20  Leinwand L.A., Cold Spring Harbor laboratory press (1998).

To thaw the cells contained within the cryovial, the cryopreservation medium was diluted
by cell-specific growth medium and the suspension was centrifuged (1,000 xg for 5 min).
The resultant cell pellet was re-suspended in fresh growth medium and the cells were
25  dispensed into the wells of a 96-well plate ((+) and (-) poly-lysine coating), at 20,000
cells per well. The cells were incubated at 37°C, 5% CO, for 16 hr to facilitate cell

attachment prior to assay.

On assaying, the plates were removed from the freezer and defrosted. Freezing medium
30  was removed and cells were washed with PBS and medium containing the 2AR agonist

isoproterenol was added. Increases in the cAMP levels upon GPCR activation was



i mges of cells grown on plates coated with and w thout poly-lysine before
and after cryopreservation were conpared (Figure 1). In the case of CHO
VSV- b2ARvBGHR/@basl e cell line (Figure la), in the presemme@boprhy-|ysine
a raised cellular norphol ogy is obseraed. This norphology is absent when
cells are grown in the absence of poly-lysine. In the case of HEK293

VSV- b2AR- EGFP stable cells (Fig Ib), poly-lysine clearly functions by
pronoting and mai ntaining cell attachment. In the absence of poly-I|ysine

the cells are probabl et achji ng _during cryopreservati on and hi ng
steps. ii JRERPECUSEE B eﬁﬁ?xﬁg#ﬁg‘*ww%—tﬁﬂﬁ&é\n&ftﬁ%ﬁmdwq SFFWBW;@E lity
of cell | lHlﬁ&hc?a@@dR@er@'lhté @ycﬂ’eﬁ%EYnéaﬂxﬁb&%nt@%@iﬁ@%x@l&ﬁﬁa%as%%d Q§E%6m&q%t
postthawi ng using the Cell  Titer-G@ o |um nescent cell viability assay

(Promega) sS@VPs were seeded into 96-well plates ( poly-Iysine),
cryopreserved and then resurrected. As can be seen fromFigure 2, in the
case of the CHO VSV-b2AR-EGFP stable cell line, no significant difference
was f obind In theosxbbrimérabdédst tiyedtoein HEHQ96 ehtl £ HE tdlspkal edawfdciedoritimibe Baut

pol y- 1 ysi i ndi catj ng that poly-1ysine does not. pronote cell attachnment

or inpr ovgkcrv&?)rﬁr 8@%#"‘9%14 (Wi_?h ﬁb’lvr%’vé%? g%’gh%goé‘é% e‘sgﬁmt(eFFé‘_Ol-ll':‘?{Z_@?ta_gor_“St

VSV- b2AR- kehRpsdndRil €0k @kpostte @, tht REoREE SRACAIR: RNV -dodSnR8iSisGNefdngant 'y

i mproves | um nescence signal generated. These data indicate, together with

the cel | heageandeamonit Yoorapee 9Eearemergisp ey ajlaledumiienteal kiss sEk298iccel |
at t achmengy;gyp,th QC&MF}I%Y BIESH] tihoé‘orﬂﬁlgaeqéﬁﬁsaitﬂ P rr%ﬁg%gﬁegfmﬁgﬁ%% Ef f ect

of poly-lvsine on ce assay performance S were see cells
per wid| phtfosnWeE Hepltate)wi th (+) and without (-) polylysine and al |l owed
to attach overnight, growth nediumwas renoved and freezing medi um added
(90% foetal calf serumand 10% DVSO). The pl ates were seal ed and

As a control, rise in intracellular cAMP concentrations was also separately monitored
when the ubiquitously expressed adenylate cyclase activity was challenged with its
respective agonist forskolin. In the AD293 cell line only the adenylate cyclase activity

15  was monitored.

As the DiscoveRx assay systems are designed to monitor intracellular cAMP
concentrations the assay medium is supplemented with the general phosphodiesterase
mnhibitor isobutylmethylxanthine (IBMX) at a final concentration of 1 mM.

20
Isoproterenol assay - Isoproterenol (Sigma 12760) was dissolved in water to a stock
concentration of 100 mM. This was then diluted to generate a final isoproterenol

concentration range in the assay medium ranging from 200 pM — 1 pM.

25  Forskolin assay — Forskolin (Sigma F6886-10 mg) was dissolved in DMSO to a stock
concentration of 10 mM. This was then serially diluted using half-log dilutions to
generate a final forskolin concentration range in the assay medium ranging from 316 uM

—3.16 nM.

30  Propranolol assay — Propranolol (Sigma P8688) was dissolved in water to a stock

concentration of 100 mM. This was then diluted to generate a final propranolol



cryopreserved. As controls, cells were also cryopreserved using the
traditional "Cryovial" preservation system (Cells - A laboratory Mnual,
Spect or Bvb.2p10@ob@san R D. and Leinwand L. A., Cold Spri ergThi®eémoneizador at ory
press (1998). To thaw the cells contai4ned within the cryovial, the
cryopreservation nmediumwas diluted by cell-specific growth nediumand the
suspensi on was centrifuged (1,000 xg for 5 mn). The resultant cell pellet
was re-suspended in fresh growth nediumand the cells were dispensed into
the wells of a 96-well plate ((+) .and (-) poly-lysine coatjng), at 20,000
cel I's per SRRFaNIratefLrangy inshare md et aed nbs eoM orheasomangly

faci | it at goeelckpdkt aaNERAL pRIdrREd Irﬁh@%&%&hoe@ﬂZ@ﬁﬁ@ﬁéI&é}gﬁeréﬂB? plates were
renoved fromthe freezer and defrosted. Freezing nediumwas renoved and

cells were washed with PBS and medi um cont ai ni ng the b2AR agoni st

[ I : i nthe . | I ' [
vasoni tor ok A PRE e BELERR AR b i Mo YR R T BRI S,

| nst r usentmiGGEaddant bhmarcenist. Adenyl at e cycl ase neasurenents using forskolin
was used as a control (not shown). In the experinents described both HEK293
and CHO cells stably transfected with the b2 AR were challenged with either

the b2AR ggeksix | BARLALETGP AT 28ALAGOThEL a8 OPLARKRACRbLrdif 8XRRSUT e tO
t he agoni st, intracellular cAWP concéentrations rise and these can be
noni t or ed DUECkUEFeinstructionsane balefly iaveliv¢dbice f[dligninge e mesukeetipnsiien as t he

Hi t Hunt I ht 1 i Tago) L i t
st et CEEt e ¢ GBS cel PR RENE DO I hlled D8 MARCBEENELY. o,
CAMP ¢0nc ént deditostimpsthevaryoplesov ampandlieh ywasoemdver edd ieenlld Weshab itwgice tvaths| y
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activity antagonist was then added.

Typically for an assay performed in a 96-well cell culture treated plate 20,000 cells were
15  used. On addition of assay medium to the cells the assay plate was incubated for 30 min
at 37°C, after which 40 pl of the DiscoveRx cAMP Il ED/substrate mixture was added.
This consists of 1 part cAMP II ED reagent with 1 part Substrate Working Solution
(Substrate Working Solution consisted of 1 part Galacton-Star, 5 parts Emerald II and 19
parts Substrate Diluent). Assay plates were swirled to ensure efficient cell coverage. An
20  equal volume of EA-Ab/Lysis mix (40 pl) was then added. This consists of 1 part cAMP
II EA-AD reagent and 1 part cAMP II lysis buffer. The assay plates were incubated at
room temperature for 4 hrs and the cAMP concentration determined by monitoring the

generation of the luminescent signal using the Leadseeker Instrument platform.

25  Assays performed in 384-well cell culture treated plates are as described above except
that only 5,000 cells are dispensed per well and a 50% reduction in the volumes of the
DiscoveRx cAMP II ED/Substrate mixture and EA-AB/Lysis mix is used (i.e. reduced to
20 pl).

30 In the case of CHO VSV-32AR-EGFP cells, in the absence of poly-lysine, the assay

performance of plates frozen for more than 4 weeks is reduced in terms of the S/B, S/N



was nonitored. As the D scoveRx assay systens are designed to nonitor
intracel lular cAMP concentrations the assay nmediumis supplenented with the
gener al plhogsphadbesst er ase i nhi bitor isobutyl net hyl xant hipog/epb@dsy72a¢ a
final concentration of 1 mM |soprotesenol assay - |soproterenol (Signa
12760) was dissolved in water to a stock concentration of 100 MM This was
then diluted to generate a final isoproterenol concentration range in the
assay medi um rangi ng from200 MM - 1 pM Forskolin assay Forskolin (Sigm
F6886- 10 %1 B%sszﬁl ved in DMBO to a stock c ncentra of 10 mM This
was then & .%SPF";}a TS USRI Ml -y &l it in s f%atgffa AP fial
forskol i n (cpREEIME AshPperfARascel 1D ei]h&téﬂsb%ﬁb’ | (AR 'pPeQevaE@ Be1RLOnEM -
3.16 nM Propranol ol ‘assay - Propranol ol gma P8688) ‘was di ssolved in
wat er to assyetknddeieesosted iaoh ua;ﬁoal@bwmﬁm p wingagnd Neh cells| erverfesesvagener at e
a fi naI I sa rom 200
ot D" b sFEREF Sh' Bulel Loh @R Dol RE S Hor Bt SRR
pr esenée efyoRhln bhd smpseqieatlgrreéunebie@ ang omarsferednt rrﬁicSotwer}ﬁiatak dor psnf.or med

in which as {zﬂmdl um was g@ %the cells m us agoni st _or ant?gmtnlst
Di scoveRx PAYEMiHE 8PPERMO }I‘ﬁ"e didipiivchdy QO {358y BETIBIREY 24 CRVPRISHT 1

manuf act urgpjes . i nstructions and briefly involved the follow ng. On
resurrection fromstorage at -1400C, cells frozen on cell culture treated
96-wel | plates were allowed to thaw. On defrosting the cryopreservation
medi um wag, Bﬁnpved and the cells washed twice with PBS. Assay nedi um
suppl emented wth ImM I BMX and the appropriate agoni st and/or antagoni st

was then @itie'SVEpPARAEGYPi(@n iV Isgaaw-penf ormed in a 96-well cell cylture
treated Prabanla@dorafl s were
Plus poly-lysine Minus poly-lysine
Weeks S:B S:N Z-Factor | S:B S:N Z-Factor
1 8.0 4.9 0.34 5.0 1.8 -0.83
2 6.7 5.9 0.43 4.9 2.8 -0.19
4 8.5 10.6 0.67 7.1 3.3 0.01
Cryovial Storage
Plus poly-lysine Minus poly-lysine
Weeks S:B S:N Z-Factor | S:B S:N Z-Factor
1 15.5 8.8 0.64 16.6 8.2 0.61
2 7.9 9.6 0.59 6.6 12.8 0.74
4 8.3 11.0 0.70 7.9 23.7 0.84

10

In the case of HEK293 VSV-32AR-EGFP cell line, a positive effect of poly-lysine on
assay performance was observed in both cryopreservation and assay systems i.e (i)
cryopreserved and assayed on frozen plates, and (ii) cryopreserved in cryovials and
15  transferred to plates for assay. (Table 2). In the absence of poly lysine the assay

performance of resurrected cells is poor.

Table 2

HEK293 VSV-32AR-EGFP (+ 1 uM Isoproterenol)

Frozen plate format

Plus poly-lysine Minus poly-lysine

Weeks S:B S:N Z-Factor | S:B S:N Z-Factor
1 8.4 53 0.31 2.4 1.0 -2.6
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of the DijgcoveRx cANP Il BN Substrapeym xt urgpand -1AB/ Lysi s.)/m x 1 s jused
(i.e. redyced to pP7m). T jhe casgqal CHO VSV- DZAREGP CelJF, injthe
absence Tl,SpO' y-1 yﬁme rheyassay g}r/Aorrrachlq/A)f pt FahpR f roz {or re
than 4 weeks—sreduced—interns of the S/B—SNand—especial -fact'or

and plates coated with poly-Iysine. Cbnparable assay
performance is exhibited by both the (i) cryovial preserved ceIIs when

assayed on ated and. oated with poly-lysine, and (ii) cells
cryopresewg’d’?safr%]& ay a gﬁl&ﬁr}ﬁgﬂia %ﬁoaﬁhep?%ﬁséger%@%@ ditreppoey el ZWiitd.  For

cells cr y@arse@@gwéadydﬁdcm@éf Bﬁlﬁleemresnbggqy%@m Yha'f S8 heSt &iRRed to
transferred to mcrotitre plates assay, poly-lysine appears to have
littledi nﬁ*fublhé@pféﬁe(b@S’B@lTlﬁﬁe@ﬁ‘adth@e as can be seen from T Table 1. Table 1
In the case of HEK293 VSV-b2AR-EGFP cell line, a positive effect of

pol y-1ysi Regyn,

conpared to cryovi al

Minus poly lysine
S:B S:N

Plus poly-lysine
S:B S:N

Z-factor Z-factor

10

3.0 7.1 | 2.5 53 0.33

As can be seen from these data, poly-lysine not only significantly increases the
15  magnitude of the response of the AD293 cells to forskolin stimulation (Figure 3 & Table

3) but also produces an improved Z-factor, indicative of a better assay performance.

CHO VSV-2AR-EGFP — Agonist and antagonist dose response curve
20 Isoproterenol Ec50 values — Comparable assay performance is exhibited for assays
performed using cells that had either been i) cryopreserved using the traditional cryovial
system (and subsequently transferred and assayed in + poly lysine coated assay micro-
titer plates) or ii) cryopreserved and assayed directly on poly-lysine coated micro-titer
plates (Figure 4a).
25

When cells were cryopreserved using the micro-titre format in the absence of poly-lysine,

a poorer assay performance is observed. Increased signal variation in response to agonist

stimulation is apparent and the magnitude of agonist induced response is decreased.



assay performance was observed in both cryopreservati on and assay systens
i.e (i) cryopreserved and assayed on frozen plates, and (ii) cryopreserved
in cryoviwbomndodssansferred to plates for assay. (Tabl ecZ)ep2e09/061289 absence
of poly lysine the assay performance f resurrected cells is poor. Table
2iv) Poly-lysine has a beneficial effect on the assay performance of
cryopreserved AD293 cells (Figures 3 and Table 3). These are HEK293 cells

t hat have been engi neered to exhibit inproved properties of adherence.
Table 3 : As can be seen fromthese data ol y-1ysi ne not onl .

si gni fi canetespstingky. edlk egsayhexilil frmpasbist Eﬁfﬁé Veleh dh SESRONSY e t%@?@%mﬁlel s to

forskolin.st] i I S C an. | oved

2t actor SR eait, St oML R pd@ 1 e B e R S S AR R
Agoni st anepamcabonivet, thosmagniespafise ©sronse Isdopeowberecdls akc&Poradened

Conmpar abl e a&iay gg&{ornan e i exhibited for assays perforned using cells
that had &MPHES D t??”EP@BﬁV'%%W@ed using the traditional cryovial system
(and sgbsequently transferred and assayed in poly |lysine coated assay
mcrotiter plates) or ii) cryopreserved and assayed directly on poly-1ysine
coat ed ni érerunaler Ig30 avbkes (FigumdanEgnd Wwbsersed [ apgave PEHOBRdeSt&/BE usi ng

the mcroxtitre. fornat i h nce. | y- i -
bor 1 or manks RePiBht kb ApF GERBANEFindhe BRLIL P o I GRRUED FRIBY <
sti mul at i ®ediced apifanedice ancbsetved mgniytthoke Bfayagonihsh thadied SVedakse i s

decreased._Interestingly, all assay exhibit. conparable Ec50 valu in
response E61Ps léd’ﬁf’n‘?rg%/prfe%eﬁ‘ﬁﬁdtfﬁ@: haie thﬁHgP@?-ﬁE‘é p%ltﬁfs 1851“{ gbsg?)cﬁe rpo'tlyd be
gener i ngysaR. ORREARChAb&aRE WHOSLsull R AHCRHerv 68 PPBER; 4however, the nagnitude
of the response iS |ower when cells are cryopreserved on plates in the

absence of poly-Iysine.
As previously shown, poly-lysine does not affect CHO cell viability or attachment.

Therefore these data indicate that the presence of poly-lysine improves the assay
performance of only those cells cryopreserved directly into 96-well micro-titre plates.
15  The performance of these cells is equivalent to that demonstrated by cells cryopreserved
in cryovials and subsequently transferred into assay plates. Therefore cells cryopreserved
directly in poly-lysine coated plates that are also suitable for use as assay plates reduces

the amount of time and manual manipulations required.

20 HEK293 VSV-B2AR-EGFP - Agonist and antagonist dose response curve (Figure 5)
Isoproterenol Ec50 values — Comparable assay performance is exhibited for only those
assays in which the cells have been seeded on to poly-lysine coated micro-titre plates.
This includes 1) cell cryopreserved in cryovials and subsequently transferred to poly-
lysine coated plates for assay and ii) cell cryopreserved directly in to poly-lysine coated

25  plates (Figure 5a)

HEK293 cells traditionally require poly-lysine to facilitate cell attachment in micro-titre
plates. HEK293 cells seeded onto un-coated plates and subsequently cryopreserved
exhibited a reduced number compared to the same cells cryopreserved on poly lysine
30  coated plates. Therefore one of the properties of poly-lysine that improves HEK293 cell

assay performance is related to enhanced cell attachment.



Propranol ol 1c50 values - A simlar trend is observed for assays perforned
usi ng the b2AR antagoni st propranolol (performed in the presence of 20nM

i sopr ot erwoa@b1(d7&@38) ). Reduced performance i s observed ipoT@PRyootobse assays
in which the CHO VSV- b2AREGFP cells mre cryopreserved directly into the
mcro-titre plates in the absence of polylysine. On again conparable |1c50
results are observed. (Figure 4b). As previously shown, poly-lysine does
not affect CHO cell viability or attachnment. Therefore these data indicate

that the presence of poly-lysine inproves the assay perfor only
those cel I'¥hersedp w&g%qrvwemeédtwnﬁ? Bugg-tifs gt &t Bleapenge BF %fﬁzégysmiahe

per f or mangg, Ofvch RBSE C%H%erkléd ﬁxqﬂr'%s = KadieHd ttreglsfe%a Sgsmaskdaal atk) bypsrld s

cryopreserved in cryovials and uently transferred into assay pl ates.
Ther ef or e aswly| r@rfbnywp gs @bmdedjl@@@tagymb nnquessgd igapinearzgian en resparsestot hat

are al so suit. of use as assa ates re h. and
el AR il Rlork 3 PRy B B B YRR RO E et AR BhahkR

ant agogi stdegfosedr esponse curve (Figure 5) |soproterenol Ec50 val ues -
Conpar abl e assay performance is exhibited for only those assays in which
the cells have been seeded on to poly-lysine coated mcro-titre plates.

Thi's incl t}s@%émbarat%lﬂcsmvxéﬁﬁr i%sr‘%g}%%ge kd afe! ¥WIst kR pAidendIlg %S]hh%ﬂ&i Yy all
transferred to polylysine coated plates for assay and ii)

Cryopr esemyags mrespcxtnlvy af| rr:dndmpm ymdi ydreferec alhtcells pteatdsbififg gu ra@pm)laﬂelEK_ZQB

cells tradltlonall equi re pol ne to facilitate eII ttachnent in
mcro-titrer BPSI@Q K§§3H@e 1%& ééégir%W?%muﬁ Dated P F@%aghgﬂﬁﬂ
subsegqoentlypesyonr @aehsegedxnpibict)dal (e dbedhde etpdlyniatie. corrpar ed to the same
cells cryopreserved on poly lysine coated plates. Therefore one of the

properties of poly-lysine that inproves HEK293 cell assay performance is
related t %&%ﬁ&gﬁfm%me@t t RCHABAL MR Sl & W BsdSk YRALESRN Yk Wi ng the

mcro-titre format in the absence of poly-lysine
B2AR antagonist propranolol (performed in the presence of 20nM ISPL). Reduced

performance is observed in only those assays in which the HEK293 cells are assayed in
15  microtitre plates in the absence of poly-lysine irrespective of the cryopreservation
medium. Once again comparable Ic50 results are observed for all assays and only the

magnitude and variation is different in & poly lysine coated plates (Figure 5b).

These data indicate that the presence of poly-lysine improves assay performance of not
20  only cells cryopreserved directly in 96-well micro-titre plates but also of these preserved
in cryovial and subsequently transferred to poly lysine coated assay plates. The
performance of HEK293 cells cryopreserved directly into poly-lysine coated plates is
equivalent to that demonstrated by cells cryopreserved in cryovials and subsequently
transferred into assay plates. The direct cryopreservation of cells onto plates that can
25  subsequently be used in assays reduces both the amount of time and manual

manipulations required.

These data further demonstrate that pre-coating 96-well micro-titre plates with poly-
lysine prior to cryopreservation improves cellular assay performance on thawing. An
30  additional advantage is that it also reduces the amount of time and manual manipulations

required.



(and even when cryopreserved in cryovials and transferred to non-coated

pl ates), a poorer assay performance is observed. Once again, increased

si gnal vawoabioriss response to agoni st stinulation is apparesw/oandsthe
magni t ude of agoni st induced responsei s decreased. A conparabl e Ec50 val ue
in response to the agonist isoproterenol is exhibited by all assays
irrespective of conditions and therefore all cells are exhibiting an
appropri ate response; however the nagnitude of the response is | ower when
cells are(gtkgﬁr.cryopreserved (and assayed on plates) in the absence of

pol y-1ysi ne: §prano|o| | c50 values - Asimlar trend is observed for
assays perforned using the b2AR ant agoni st propranol ol (perforned in the
presence of 20nM | SPL). Reduced performance is observed in only those
assays i n Mhi @ronrersrvagkeld gulsst, comprisingssayed in rncrotitre plates in the
absence of poly-lysine irrespective of the cryopreservation nedium Once
agai n conparable 1c50 results are observed for all assays and only the
magni t Gde aandtawar hatihgat lest dedrfaeeent in poly |ysine coated plates (Figure
5b). These data indicate that the presence of poly-lysine inproves assay
performance of not only cells cryopreserved directly in 96-well mcro-titre
pl ates butfrabselRkulfiese oRr Kseduymes,i n cryovi al and subsequently transferred
to poly lysine coated assay plates. The performnce of HEK293 cells
cryopreserved directly into poly-lysine coated plates is equivalent to that
demonst 1 kg, 0 f8lh faPi¥QRERSL UGS MuPpdlpYidle and subsequent |y
transferred Into assay plates. e direc ryopreservation of cells onto

pl at ed0t hat can subsequently be used in assays reduces both the anount of
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group consisting of poly-D-lysine, poly-L-lysine and mixtures thereof.

3. The cell culture according to any preceding claim, wherein said container is selected

15  from the group consisting of vessel, vial, microtitre plate and cell culture plate.
4. The cell culture according to any preceding claim, wherein said cells are adherent cells.

5. The cell culture according to any preceding claim, wherein said cells are selected from
20  the group consisting of mammalian cells, insect cells, amphibian cells, fish cells, reptile

cells and avian cells.

6. The cell culture according to any preceding claim, wherein the cells are mammalian
cells.

25
7. The cell culture according to claim 6, wherein said cells are selected from the group

consisting of CHO cells, HEK293 cells and AD293 cells.

8. A method of cryopreserving cells in a cell culture, said method comprising the steps of:
30 a) adding a medium containing cells to a surface of a container to allow said cells to

attach to said surface and form a cell culture,



prior to cryopreservation inproves cellular assay performance on thaw ng.
An additional advantage is that it also reduces the anount of tinme and
manual newbpRuloab@es required. CLAIMS: 1. A cryopreservee#cearbowobiys e,
conprising: a container having at |ea®t a surface, frozen cells supported
on said surface, characterized in that the surface is coated with
poly-lysine. 2. The cell culture according to claim1l, wherein the
poly-lysine is selected fromthe group consi sting of poly-DIysine,

ol -L-Iy and m xtures.the .. The cell culture according to any
BreZeding 3%%? gmﬂ@ %?%Vtgnﬁn%§WTa? er is selected fromthe group

consi sti ng)edduviag e iempérature of afdodelltchRuRlt@t-2ocanst weklw; cul ture plate. 4. The
cell culture according to any preceding claim wherein said cells are
adherent cells. 5. The cell culture according to any preceding claim

wher ei n SQhQa@t@lllieﬁ W Bapf GflBtadd O LhE- %Elggp?cg%r%é H)‘ng of ‘manmal i an

cells, insect cells, anmphibian cells, fi's |l e cells and avi an
cells.56. The cell culture accordlng to any preceding claim wherein the
cells are he cel] culture to claimé6

wher ei n sarg Hgyﬁlt@ﬁaoﬁglaéml et 5elflrp8§4'{yﬁlé’e gt 86&?)“%6%%’?15{1? gﬁ’“BfCO@-@n(geqfl s,
HEK293 celpbl-BAgiADBIS-IGBIsIg.an8 miAurestineebfof cryopreserving cells in a cell
culture, said nethod conprising the steps of: a) adding a nedi um contai ni ng
cells to a surface of a container to allow said cells to attach to said

surface ang. f orfcanddd acbdiny & MinPYe} 09y Gh YRPLEREE Ysacto'af%ﬁ bg%isﬂfﬁg and c)
reducing the tenperature of said cell culture to -200C or W,
1 the surface with a solution of poly-lysine.

11. The method according to any of claims 8 to 10, wherein the container is selected from

the group consisting of vessel, vial, microtitre plate and cell culture plate.
15 12. The method according to any of claims 8 to 11, wherein the cells are adherent cells.

13. The method according to any of claims 8 to 12, wherein the cells are selected from
the group consisting of mammalian cells, insect cells, amphibian cells, fish cells, reptile
cells and avian cells.

20
14. The method according to any of claims 8 to 13, wherein said cells are mammalian

cells.

15. The method according to any of claims 8 to 14, wherein the cells are selected from

25  the group consisting of CHO cells, HEK293 cells and AD293 cells.

16. The method according to any of claims 8 to 15, additionally comprising the step of

storing the cell culture at a temperature below -80°C.

30 17. A method for conducting a cellular assay, said method comprising the steps of:



characterized by coating the surface with poly-lysine prior to step a). 9.
The nmethod of claim8, wherein poly-lysine is selected fromthe group

consi st i ngoabiopbossD- | ysi ne, pol y-L-1ysi ne and m xt ur es pCharpe@bio6s@ The
met hod according to claim8 or 9, whexein the surface is coated by washing
the surface with a solution of poly-lysine. 11. The nethod according to any
of clains 8 to 10, wherein the container is selected fromthe group
consisting of vessel, vial, mcrotitre plate and cell culture plate. 12.
The met hod,accordi ng..to any. of clains 8 to 11, wherein the cells are

adher ent caéla‘légl.ngfﬁgdfﬁ@ ¢ %‘r%l?ﬁ 8%@05"& ﬂ’j}af% Oiﬁycoé’fa“&qréf’ r?glog’ fadf!l f?l?s WRherein
the cell s aahéh B&hidGHA SN ML Ll QprLONsi sting of manmmalian cells, insect
cells, anphibian cells, fish cells, reptile cells and avian cells. 14. The
met hod according to any of clains 8 to 13, wherein said cells are manmal i an

cells. 154, Theno%t as el A NG any of clains 8 to 14, wherein the cells
are select%d f?%§1$ﬁgmgrou8 g@%%%gting of CHO cells, HEK293 cells and AD293

cells.516. The nethod according to any of clains 8 to 15, additionally

conpri sing, the .st of stori t.he cell cultur. t enmper at ure bel ow

- 800C. 17%>KQH%P%§§t?BP“%%ﬁ63%Pﬁ&“ﬁ@%&?ﬁﬁ#ﬁfﬂ§§§lyi“§%id met hod conpri si ng
the steps of:a) adding a nmediumcontaining cells to a surface of a
container to allow said cells to attach to said surface and forma cel

cul ture, B)stadus i call eplippp rtastempaaiuanorisss than 2P°¢.educi ng the tenperature of
said mediumto freeze said cell culture, d) storing the cell culture at a
tenperature of less than -200C, e) thawing said cells by raising the

t enpeﬂ%lt uekthaWingtseidgell$ byewlising be temperature of the cell culture,

f) conducting a cellular assay on the cells,

characterized by coating the surface of said container with poly-lysine prior to step a).
15
18. The method according to claim 17, wherein the cell culture is stored at a temperature

of less than -80°C.

19. The method according to either of claims 17 or 18, wherein poly-lysine is selected

20  from the group consisting of poly-D-lysine, poly-L-lysine and mixtures thereof.

20. The method according to any of claims 17 to 19, wherein the container is selected

from the group consisting of vessel, vial, microtitre plate and cell culture plate.
25  21. The method according to any of claims 17 to 20, wherein the cells are adherent cells.

22. The method according to any of claims 17 to 21, wherein the cells of step a) are

attached to one or more micro-carriers.

30 23. The method according to claim 22, wherein said one or more micro-carriers are

coated with poly-lysine.



f) conducting a cellular assay on the cells, characterized by coating the
surface of said container with poly-lysine prior to step a). 18. The net hod
accor di ngwpeonl@bissl7, wherein the cell culture is storedratr2éoloerper at ur e
of l ess than -80C. 19. The nethod accanding to either of clainms 17 or 18,
wherein poly-lysine is selected fromthe group consisting of poly-DIysine,
poly-L-lysine and m xtures thereof. 20. The nethod according to any of
claims 17 to 19, wherein the container is selected fron1the group

consi stin ves mcrotitre plate and cell Itur

The met hod“a ISE%F“&I aaff&@ﬁg QPP S P 0b NorReNE AT HE Sfés«ﬁ ﬁﬁaﬁne
adherent Ggd bup 28nsisting ofeldARHa A6 CRNEIiRG A QuaMHibish 841N fillY cdiR, Abtilewher ei n
the cells of step a) are attached to one or nmore mcro-carriers. 23. The
met hod acc¢eddindgvias cellai m 22, wherein said one or nore micro-carriers are
coated with poly-lysine.24. The nethod according to any of clains 17 to 23,
wherein the cells are selected fromthe group consisting of mammali an

cel I's, 5i n@écTheeleltwd sacphinhitanngelf kckimé i1 3o & WBereihapt ctls aelnhanastnavi an
cells. 25. The nethod according to any of clains 17 to 24, wherein the
cells are® lian cells. 26. The nmethod according to any of clains 17 to
25, wherein the cells are selected fromthe group consisting of CHO cells,

HEK293 cel | s and AD293 cel | s.
26. The method according to any of claims 17 to 25, wherein the cells are selected from

the group consisting of CHO cells, HEK293 cells and AD293 cells.



