METHODS OF MEASURI NG CELL VI ABI LI TY W THOUT USI NG CONTROL CELLS

[ 0001] This application clainms the benefit of priority to U S. Patent
Appl i cat i owoNDes/B®0986, 751, filed Novenmber 9, 2007, thep@EntsNB/082612
contents of which are incorporated herein by reference. [0002] This
invention relates to the field of cell biology as well as cell
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determ nant in successful treatnment with tissue engi neered products.
In light of the shortcom ngs of existing viability assays, there is a
need for ewsnoowmmiod, and accurate nethods to neasure thervsabsdsidy
of cells in tissue engineered products. Such nethods nmust operate
over a wide range of cell densities, and with many different cell
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Ia, an [ sy |
advant ageg?JEIS?/ayofgé PRERIGERANR athetissdalpassd (%rgnbman%gpqnpromlsed
popul ati orells. F CHisx- Wi ' ' ;ﬂ%otpp to
easily, r%f;sdl y?r %xr?gﬁ[gggﬁ%at el ypmgg%tedﬁgrgvsibggi(%ﬁ@%?mce s’gﬁder
a vari et y (6t No{dP26Wtietenisl prateagan suchasrigpeptidyl peptittaselreleas¢d fromhe
met hods ar, 4 i Labl | i f
ol s i n° Sead et ushd hE el khcilea R okl Rotha Sy b B it gy
det ect i ng Aldn&hk)-Rbbdeming-1the or nore enzyne activities of the

cultured cells ar, resent,in.the culture's supernatant..

[0008] 15 1o t SR cq VinBl SREIE tolisst sftinertt RRdidlsy pocER ko asls

i nvent i onyidblilay asgHys refeird PRScellb WBEAREd i(RicBgselY bdfore Bs@gcormani es
cell death, the contents of the cell normally bound by the plasm

menbr ane IRAIYIAD RIEPRLY ABIEVET IS piterceamPplisatedisemelipies i sthtandmeyer

met hods 0f10b‘9'@eﬂfi80éﬁﬂtM%Qsd@hﬁn@ﬁﬂﬁé@s?ﬁﬁ&r&b aa%;e cefid %r@@@{@r‘lﬁﬁ ol e
proteln or enZder'e, l.e., a pro_teln or enzyne I C can e detecte
whet her i tor 8§ dgpdsehs arenlost, dering thteprdcedires FoTlexameld, whiealsivialuajed by

th |t 1 t i th ti t
of Cthe colTPER R SRR ok Sl B A BV Bhe hond 8 b ar 0% B BerRER! g
con ]9:: t : 8 ;léails(rjtegéilﬁnt (tIﬁ tiue s'![ap_éitmaittaeto,rigp{a_l samgbrf’rdm gvhit?i thiey wﬁt{]re

caffo e,cell-contai ning condijtioned nedium (e.qg. .the
oabr ana) chiHndd Cafidopisig Useme o bR e Phr e BRDlR ey S withgUtfistint
of cell deaidvesinglheclisair@isimitrlyaiyidBedsiul kMo it it Ser@hcd on-
cell -containi napcondl ti oned nmedi um can_be determ ned by disrupting

the nmenbr &RECTIRPEGING JovoHPRRTIRRALASRELRY insslenyatesagas. asypopaPigaionr
conpl et e iy airererTPasdid w&is.t 'g%rthghﬁére?e%im?g ﬁ%géﬁﬂlir':)éc{i\ﬂt LSed gel

cell-containing portion ( I srupted ce and associ ate

condi ti ondt@bititipssaysalcharea fsudamental disadvaptagez e thecteiuirement for a

contri but . af A i The .val.ue. t h j
Cone ncy e B SB0E A SaA kDR PR TR Al b i
[ 0009] One neegseaic thef vialhilty iof tenteisbsamppley i Themake thatld chbmpaneas uhé eglld he

fraction of yiable cells i cel opul.ati mai ntai ned in _a culture
e um by Set b Perie oL ind st spmelesTibE B te FHuR B ghe Bttty | o
a porti onsametduhot ondirdinpasd mMiRdaISEH2QE 160 BhAk MEELEIR] Prafike - This

condi ti oned rredbhgér}\, detecting a cell death-stable protein or enzyne

activity PRPDAS teRrplicaibls tadigsumergnesting prgdeds where cglls, sepded ind
condi t i ongdyimRALsAL OSFRAY A I
protein or einzyrre aéﬁn?gﬁs 5 in ;%@{'&o@%%r?%ﬁgt @gﬂa{o Rlﬁi(g%{eﬁﬁggh ﬂﬁ%e
fracti on 6AME GEYB Grewn inssuspenaionsenl azidimensiopal spdece.oAdtitivoaltyhé is

di ff L . I o432 - I ir .
enzyme. acerey i Piasbsldo sB 51 safl i hisoEE e She aRlgh To ot
portion notanattaiing pectied wberd 8k honbermef letdbadi assaysd oh Radallgibasis
assayed m re"?%’_iﬁlrfé\fqasoi‘ggﬁ cHngrg tional two-dinensional cell culture

substrat e, e culture plastic. In other

enbodi ments, t{pp06R! | Thansalsiip e tHeosklabeg franspldié® forflhifg Bshaor!
scaffold or matrix, i.e., the cells are part of a tissue engneered
product . ABtes@Rat i syassasblieatment witb dispde gnaingeredrpreduats.p by kghief
col | agen- 1 i ; Ly i i : of
The | avent o urTTage 8t exctionig Betae IS ek Tor o, FEICR O
the cel | popukte inethaaisdo smeasupoitte vatslity avivel indissudengiore el products.

contai ni n%u%h'lnﬁéﬂ:]gdsc Pnrﬂzgs'[ Bflaé)rg%dovr{a‘?% \H@e %nge gfi ge% c?er%ﬁ:retsl, grr]1d {NI htrrrl]éar?y

2.
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processabl e by the enzyne. In certain enbodi nents, the substrate is a
tripeptide. In sone enbodi nents, the substrate is
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invention may further include the step of adding an agent which

modul at es ge. . enhances/increases or attenuates/decreases) the

si gnal of chc¢ledgathgpiaiie ppotenrorsvarmermstiditniarthe portian copgainingwells and

nodul at e I'gsgﬂr! 0, 15, 20, 40, 60, or 80% or

nor e thanhtlla,qogl,t , rgBP{{lg{ C@‘g?ﬁgnrgscledl ~fold. In certain enbodi nents,

t he agent whi c[POBHul dn esmetemisodimehtspthet tedls|asauyatymay demrownton Hy
attenuati he signal of. the | eavin roup. In rticul ar

enbodi men 'gfj'rt'f’ H%ﬁg'gécﬁpepﬁgpagﬁlle‘?‘ri\.{}éff%?‘gqsg@?%ieggraB%ﬁﬁ of H%Sqee%{}li“ﬁ%
group i s phetel I eter EmbsditerdstBgiceRdbfe sifporieiemdrinad may be
present at a concentration of up to 10, 20, 40, 60, 70, 100, 150, 200

mg/ L, or HYPEdImeesienalseaipidaim@find @ nbrcelivnra prrt phe datuepnginerred
cel | deat Brsrhb! f QHETBBSHINYEAY, tﬁ?%@ﬁé g ﬁ%ﬁrn% aBoftine &HI%BEE-' c or
ydr ol ase, |

catabol i c, an oxidoreductase, transferase, yase, nase,
phosphat ageriveksmalibase, or |igase. In sone enbodi ments the cell

death-stable e act i ViL, 0}, e0 i ... One ar re
tripeptidyl pe@ﬁﬂgse@ C%It%/lﬁ&%%:@rﬁ %I,%Oﬁ"%cljﬁé%ﬁ??Eg%n'm’?'ﬂ@ngﬂgo S,
such as calchaiena s{ep0d Hrovidingresanble giortion of, thé leell pepllatienahd aLab| e
rotein or _enzyne.,activity. is a protein or epzyne activity that _is
Stabl e foP[RAE B ERIUNt AEIBERon-Cel Fonining s i Gondiiongd miediBy A heand
pr ef er abl gambrp&tibRld Pwhrvi¢ed s afcenBoatainiad (i.<deadiBbiud orelitped
enbodi ments, the cell death-stable protein or enzyne activity is a

necr ot i caMSAIYILINENRRSRkicANGINIRg [prditigped yiedjumianhg fiactionendr
embod Menboceblies dekdraBab o hAM G e Rl f N2y activity i a
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control a : ' h ho f . he invention nmay
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drawi ngs, malyi sddisrupted b iRoaddiesh bnarrashphphficirholeBuld. PREéAR this
specification, illustrate several enbodinments of the invention and

t oget her dtrﬂ%“tae@éﬁ%?hiﬂﬂ!e i_ﬁ@ﬁ?ﬁ@ﬂ- serve to explain the
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[ 0025] Fi gthefragtionsof yiaple prineaichpagiosyiestriesent intheanatixpfaitissne- whi ch
engineered product having a cell density of between 1.5x10% and 6x10° cells/cm?
maintained in a culture medium. The steps include providing a portion of the
tissue engineered product which contains cells and a proportional amount of the
culture conditioned medium, providing a portion of the culture conditioned medium
not containing cells of the tissue engineered product, adding saponin, and bis-
(Ala-Ala-Phe)-Rhodamine-110 to the portions, and detecting fluorescent signals
from cleaved bis-(Ala-Ala-Phe)-Rhodamine-110 in the two portions. In some
embodiments, Ala-Ala-Phe-AMC, or another substrate with a conjugated leaving
group can replace bis-(Ala-Ala-Phe)-Rhodamine-110 in these methods. The
fraction of viable cells in the tissue engineered product is proportional to the

difference in fluorescent signal strength between the cell-containing and non-cell-
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demonstrates that the enzyme activity present in the cells and
supernatant of a sanple is linearly related to the density of the

cel | popul @t0 @iboshdde26] Fi gure 2B is a graphical represeptgid:06b/08ic12N
experinment which denonstrates that the enzyne activity present in the

supernatant of a sanple is Ilnearly related to the density of the
cell popul ation. [0027] Figure 3 is graphi cal representation of an
experi rrentcomﬁ‘!‘ﬂ'l*ﬂ BeteRs Eijéﬁ@sbSt ﬁ@ttotahéﬁmugtpbtbédluaé@@?ntaﬁgruﬁlam bpip
predicts E hei ty. [0028] Figure 4 is a graphical o
r epr esent tlon of an experinment which denonstrates that the addition
of phenol red H®d4] notn ah@tdaetas;bm:t,arrhedmmwyionfprm\h@esjmmmeﬂdamm}nlng
[ 0029] Fi g erinment which

f
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representation of an experipment which denpnstrates at the accuracy
of the di RRIafHrgsARAr @eyi%ﬁrﬁé%‘ﬂr@do%l?hqtﬁee@ﬁﬁ’@rﬁfé‘"@‘?ha&"%ifﬁﬁ&nems

0031) Fi p i ch
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by the uséntsils agplyinaas tc%tltre;etmpobt@zpsut@ai m@palaat!snangaapmgdhe fraction of

o esent Il FFRReELAa Y A ASIRAS'SMhe bl Bl sdbabna

Def i ni ti ottes measured wablilty of the test population to the viability of an untreated
population (“control population”) of the cultured cells.

[0015]  The methods of the invention may be used with a variety of cells
under a variety of conditions. In some embodiments, the cells may be mammalian
(e.g., human, primate, ovine, bovine, porcine, equine, feline, canine, or rodent). In
certain embodiments, the cells are human. Cells derived from any source tissue
may be used in the methods of the invention. In particular embodiments the cells
are chondrocytes.

[0016]  The methods of the invention may be used with cells at a wide
range of densities. In some embodiments the cells are present at a density of
between 1.5x10* and 6x10° cells/cm?. In other embodiments, the cells may be
present at a density of between 2.2x10* and 2.8x10° cells/cm?, between 3.5x10*
and 2.8x10°, or between 5x10* and 1x10° cells/cm?. In certain embodiments, the
cells may be present at a high density of at least 2,0x10°, 5.0x10°, 1.0x10°,
2.0x10%, 2.8x105, 3x10°, 4x108, 5x10°, 6x10°, 8x10°, 10x10° cells/cm?, or still
higher densities.

[0017]  In some embodiments of the invention, the cell death-stable
enzyme activity is measured by contacting a sample portion with a substrate of
the cell death-stable enzyme activity, where the substrate is conjugated to a
detectable leaving group, and then detecting the leaving group. By this methed,
the amount of leaving group detected is proportional to the level of cell death-
stable enzyme activity present in the sample portion. In various embodiments, the
leaving group may be chromogenic, luminogenic, or fluorogenic. In particular

embodiments, the leaving group is fluorescent. [n certain embodiments, the
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[ 0033] The singular forns "a," "an,” and "the" include plural
reference unless the context clearly dictates otherw se. [0034] Unl ess
ot herw se wodioeadseds the term "about” means 10% [ 0035p¢1Bushesns2612
area" as used herein, e.g., square area, cnR, refers to the
macroscopi ¢ surface area of a substrate, i.e., the Z axis projection

of the sufface onto.t di prensi onal plane. [0036]"Density" as
used her el'eﬁ“””ﬁtﬂiﬂ's!p %EHQ@T‘VH@@ -hifhulsrotegr erphedinghls: mﬁ:eaveggroural&@ I

or other gbifsfin dBAVatiel garﬁénﬂ{o-x%é! lnf(rAW’?(Iti'fnt ly in this
application, density will be in the con ext of density: the
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appr oxi mifJPo%egg tﬂé \SWﬁggn#}ﬁenW&{ i femcf)%ld‘rﬁ | Cht%?%ugggétgq% P g%e_ptlflﬁi s

macr oscoplc Surface’ area he SUrtace on
defini ti o sang em:ﬁcalireentbpﬁie dubistretienis hiF-ialAls-PhepRbodamnamttd. RS

t hr ee-di mensi on str res,o attlc The term "nmedi unt' as
used in tﬂ{| OdE%? Bn eﬁ&Pé{"@%B%ﬁ%Bhﬁ%ﬁ ts which support the
growt h or rral n[foeﬂgpcelméorﬁ@|dn$bdd1rnéﬁist tHeBmethdUds offie |h0ér|1twi'ﬁna¥ further
traditional UI d cell culture nmedium and any additional factors

that sai d'%@ﬁ he sigp efaddingan ?E@@Wh’ﬁbﬂ%ﬁ@'&?ﬁ% (¢-acenhancesincreagasire,
serum a”éft@rhd%&é& cr%éQ?!‘é)ﬁhé%@%féﬁa ebeglrpeéme%%o%mg%fﬁés

pH i ndi cators, the 'K lum s ot generally re er to any
matrix or asmipnay rquulﬂteme spoaliby, ammmﬁ f1he1E 0, éOaﬁfe, ored036;a0rmeakeor

| h di
oo e oD £2030 5710150, SR B0-OL" Bt Sbagn iERifeR. tieddbrd whickue
ce: | - cont mgdurages)?ietmgntfal o[f ﬂ(bSI&]aMg(ymlumgicts by aﬁ@wdt|hgnh@étg§16mﬂﬁ$| ]
cul ture | UM NOo cont al.nl n | NC| udes ortron o e
mect . aREVRGOTaHR BLPREURC sTRPHE SR P oanfinehtgiudias bisr et obr
the cell @id leavigg Gesligi pHeRbRicd NA seRld érnbb&ﬁ'lelﬁ?se%e?ﬁﬁé}%l réd Aagtnd

cells or matri x-associated cells, in association with nedium
[ 0039] By PiEsgat @ﬁ%ﬁ@@%@i'%ﬁf Hp t9 0,2 0, RBAT QG i1 88, 2smBder

contactedydh cells to allow for the conposition of the nediumto be
nmodi fied, e.g. by the uptake or release of one or nore netabolites,
nutrients, or 0R20br sin waripus meowmmtﬂ@‘ thelinvedtian Hhstcakbtieamﬁsjabliens

o ey TR AP BT 88 S SEES BT S gRuBEL

popul at i ofrassfeeset bydroldseclyase,lﬂ:nmphesﬁltﬁnéaa fscpherage, ofr ligazy mh some

activity { r%g]dﬁ;r?erltg tﬁ’g éem ggaqgfs?arglg %gzy”rﬁg%f;{“ r}t?/ rlnggt/ ggrpirct)t%'olytic, e.g., one or
more tripeptidyl peptidases, chymotrypsin, or chymotrypsin-like enzymes, such as
calpain.

[0021]  In some embodiments, the cell death-stable protein or enzyme
activity is a protein or enzyme activity that is stable following either necrotic,
programmed cell death, or both (and preferably stable following either form of cell
death). In other embodiments, the cell death-stable protein or enzyme activity is a
necrotically stable protein or enzyme activity. in still other embodiments, the cell
death-stable protein or enzyme activity is a programmed cell death-stable protein
Of enzyme aclivity.

[0022] In some embodiments, the methods of the invention can include
a quality control assay. In such embodiments, the methods of the invention may

further include the step of detecting a contaminant-specific enzyme activity in

6-



[ 0040] As used in this application, "detectable |eaving group” refers
to a product of an enzymatic reaction that nmay be used to nonitor the
progress oWwoanossrdgsati ¢ reaction. [0041] By "proteone" pdéT/US0BREI?2
the set of all proteins expressed in a group of cells.

[ 0042] "Reconbi nant” herein refers to non-native biol ogi cal nol ecul es,
e.g., nucleic acids, their transcriptional or translational products,
or cells & Pﬁf&ﬁﬁ@ﬁ&cam'rmg PhROERERN EONtRINEpEions. A ol | Betesting pt v

of an enz At A : f .
product | Oﬁgﬁmﬁgﬁn%ﬁsﬁﬁ'ﬁ: ehbymd/ %ﬁ“"%‘gfﬁ‘%@é‘% didbiRur! coXiQHRGlion.

e enzyne's ty to process substrate is
limting; reacl0083] codbetacopmpanyingdrawings.eviuph arg inedrifovatetl e asdzy me

activity. . X Nt " i JDis, a | cation
means 1 e aiiitey? vt G ARG SRR Ee B et &

| abor at or jnvenfich shd et By deserapliong flréwdr gefvel to dxpldim & principles
nuneri cal nstant. determ ned for a particular assay condition.

[ 0046] " Repgﬁﬁe\)ﬁ\’%'ggure" in this application refers to expressing a
guantity as a function of a reference value; e.g., expressing one
value as a fraction of another. [0047]"Absolute nmeasure” in this
appl i cation neans the act UBriebbaseiption of theDmwingse quantity, i.e.,

not a relativerg@easur figure 1 is a schematic depiction of a cell viability assay.

[0025]  Figure 2A is a graphical representation of an experiment which
demonstrates that the enzyme activity present in the cells and supernatant of a
sample is linearly related to the density of the cell population.

[0026] Figure 2B is a graphical representation of an experiment which
demonstrates that the enzyme activity present in the supernatant of a sample is
linearly related to the density of the cell population.

[0027]  Figure 3 is a graphical representation of an experiment which
demonstrates that the disclosed assay accurately predicis viability.

[0028]  Figure 4 is a graphical representation of an experiment which
demonstrates that the addition of phenol red does not affect the accuracy of the
disclosed assay.

[0029]  Figure § is a graphical representation of an experiment which
demonstrates that the accuracy of the disclosed assay is unaffected by use of an
alternative matrix.

[0030] Figure 6 is a graphical representation of an experiment which
demonstrates that the accuracy of the disclosed assay is unaffected by the
absence of a matrix.

[0031]  Figure 7 is a graphical representation of an experiment which
demonstrates that the accuracy of the disclosed assay is unaffected by the use of
non-human cells.

[0032] Figure 8 is a graphical representation of an experiment which
demonstrates that the disclosed assay can use substrates with leaving groups
other than Rhodamine.



Exenpl ary Enbodi nents [0048] The invention provides nmethods to
calculate viability based upon the relative nmeasure of a cell

deat h- st ablv® pemisedon or enzyne activity in two fracti onacofs2e0saargt e.
Unlike vital dye assays, there is no need to recover cells fromthe
matri x. Accordingly, the nmethods of the invention may elimnate the
measurenent artifacts associated with prior nethods, e.g., losing
cells during the process, underest i%tﬂ_ﬁgﬂ%r overestimating

viability. Detgyygspi ngy Hr\gu\éﬁ@hﬁé by "Jrg'oéﬁc] FP 1'nEM98tp'lL?rQI r%’f%?éh&?s

met hods of neasuring the fraction of 'viable ce I'n-a populati
mai nt ai ne@lnlelssahe:mntaxteclwmdmﬁateemtbewgselone by conparing the anount

of a cell deat bl y Iy ortd of the o

condi ti oned m@%ﬁfnopngé(}ﬁst%ﬁ%&ﬁ%é xé"eﬁ%%%%ﬁ r?@ﬁwt n'b%anﬁh‘e1%ér I

deat h- st abl e p[a®3si n OSumiuB/mai' as alsed)htaremn 63@ bd.?@are(yﬁéh tdnﬁ)%e@lrel‘&l@i um
containing cells eral %e t ﬁ % I nventi on ri se
three steg'ée macroscople%.l 3cR alRA "? %ét? ithe ‘%’i}ﬁ)prﬁ’dﬁctt'PB

cel | - cont gLifadomeIthé 8o Aimensicidl pfangon- cel | - cont ai ning porti on

("Y"); 2) the cells of the cell-containing portion (or a

sanmpl e taken f t he "leensityc aptaPAINRESIDONERBNIN averaggsuinbes e some
3) th
bort! b (Fablngf, 58 bt BeRER Nt ol ohe B Y dafBid

portion ("X et ect
can convethis applinationadenséyeil beimthehmriteﬂmﬁ paell densihalhhenoabesof ecelishe

cell popu varlet n_one e |l e, . the

condi L1 ongal WSt frfhstpe, ol aviRes by idheob e gt Pl thee.
hal ves), aumbler etcmtsaae@tjeq prhé reerds cﬁg)cdmcé gﬂg@oﬁmgsuﬁ@?é @iilﬂfbr\i,l\ﬁq
ortion (mY" As sho ur and described.in Exanpl e en
the col fé’bﬁ‘r\? APy %ﬁ%{m%v%onmplﬁm bk twergipenripnal SHEACIe @Sum
of the sanplies tBR-diRRNERMBI fthitsurealdr 1dticdd) the non-cel | -contai ning
portion ("X"), then the fractional viability is sinply the difference

di vi ded by t hel093f of Thedeme tmediumess yseg.in this applgatipni refers te abm
_live _celbmpoferdtdiHidh suffdr thklofowth or maintenance of cells in culture. This

may include traditional liquid cell culture medium and any additional factors that
said medium may contain. These factors may include, for example, serum,
antibiotics, growth factors, pharmacological agents, buffers, pH indicators, and the
like. Medium shall not generally refer to any matrix or support upon, or within,
which the cells are maintained or grown uniess clearly indicated otherwise.
Accordingly, in a tissue engineered product, the matrix is typically part of the celi-
containing portion.

[0038]  Accordingly, “a portion of the cell culture medium not containing
cells” includes a liquid portion of the medium, and not any cell-containing matrix.
Similarly, “a portion of the cell culture medium containing cells” includes either
isolated cells or matrix-associated cells, in association with medium.

[0039] By “conditioned medium” it is meant medium which has been
contacted with cells to allow for the composition of the medium to be modified,
e.g. by the uptake or release of one or more metabolites, nutrients, or factors,
e.g., one or more cell death-stable proteins or enzyme activities. Unless
otherwise indicated, conditioned medium generally means medium which has

-8-



The nunerator of this expression is the enzyme activity present in
t he menbrane-intact cells (the amobunt in the cell-containing portion,

I .e. cell swandowmmadsti oned nedi um | ess the anount presantudztosiols 12
condi tioned nedium al one), while the denom nator is the total anount

of enzyme activity present in the sanple. |f the neasured enzyne

activity present in the cell containing and non-cell -contai ning
portions 6fehHeCeHaAhvatha sehpopuatiorssn as fepoliast cell deathgitehle prateini art y

is 500 - fﬁ%n n the first
step of t%@zﬁtgﬁgg\ggo ﬁgﬁé)vr‘{\?e]%tg F@%)m{ %e co'%ré}%%gﬁtégn%di umin the
sanpl e need nof0048] di Wisdeseden ifis appinetinecldetdutatde ldavingngraupl referanid a
non- cel | grti.ons, V\heethefrac on of. t t ot al

conditi on@%’f@iotﬂ??ﬁ ym%hc ré?ﬁﬁ ' h§t A&y t{ﬂ Wi et(? B dEﬂ h‘§P BESless-Cfare

t wo portlenmmamréaEM| onal viability is then given by X - cY X + Y
where ¢ =1- In the first expression, c is a scaling factor which
adj usts for t h@%‘(ﬂ un@VoPrQi%WgF’t it lsosanihe et phall proteies PXRreeehivra i on
assayed, gehgtofM@NE0 the volunme of conditioned nediumin the cell
containing portion assayed. This scaling factor is a function of the
non-zero, deci 2} r acReepmbingnt’ hieein cefars toaan-eativeriivlogicaletolesdieam

present 1@ \i%ﬁdl&@e&dst fﬁ%lrﬁﬁ{ﬁ%ﬁgtfbﬂrEbpﬁaﬁlﬁ’étloﬂgpé@dﬂ gorcgélfs In an

illustrati sue engin ere product is
di vided i nbm:alnmg any of the abopert ion X, containing the cells and 25% of

Lhe, Al e Confidusgnety TR o3y oven eahbte RebRanh P in 250
Here, c i saté-of produebproduéiory®hén only the enzyme’s ability to process substrate is
limiting; reaction conditions are otherwise optimized for the enzyme activity.
[0044]  "Membrane-intact” as used in this application means the ability to
exclude the dye trypan blue under standard laboratory conditions.
[0045] By “scaling factor” it is meant a numerical constant determined
for a particular assay condition.
[0046] “"Relative measure” in this application refers to expressing a
quantity as a function of a reference value; e.g., expressing one value as a
fraction of another.
[0047]  “Absolute measure” in this application means the actual

numerical value of some quantity, i.e., not a relative measure.

Exemplary Emhodiments

[0048] The invention provides methods fo calculate viability based upon
the relative measure of a cell death-stable protein or enzyme activity in two
fractions of a sample. Unlike vital dye assays, there is no need to recover cells
from the matrix. Accordingly, the methods of the invention may eliminate the
measurement artifacts associated with prior methods, e.g., losing cells during the
process, underestimating or overestimating viability.

Determining Cell Viability

[0049]  The invention provides methods of measuring the fraction of

viable cells in a population maintained in a culture medium. This is done by

-0-



If the nmeasured enzyne activity is 400 and 30 for X and Y, then
400-00 390 viability= =-0.91. 400+30 430 [0052] The foregoi ng

di scussi onwignebdadedsdet ai | ed nmeans to cal cul ate vi abi | i#¢rushiR@sr612
nmet hods provided by the invention. This may be in the context of a

culture grown solely for assay, or for the purpose of esti mat i ng the

viability of sane |arger popul ation. For exanple, in a "lot rel ease”
assay for CaMPRERY theapPualsf @dC%‘rQﬁﬁﬂ&ﬁtabﬂ%@nlM%BPﬂwty e Ptoﬁé)fmfdh@lct s

COHSt'tueE&nﬂiﬁéﬂeﬁ RES uﬂ?ﬁ@“ﬂﬁéﬁﬂm@%eﬂé‘ maﬁnéﬁﬁﬁf%g ) 5&& S

(i.e., a biopsy), an sone o overlying co
i ts sinpl emteih@mrmnzyme ipamssinragkthefcontidioned medunndonﬁam@cei’sdulnm

| f.th duct t ot al
our f ae PRaED e R g KRB OB P IV BeRed are the same.
For exanple, i{l)a sngfieys dnideddeid tabquairtic, @fceﬁlfvbnmh[hg poftiohh®X”) and

product, about ei% of .the volu rp)f condi ti oned nmedi um overlying the
product sASAFERATESH %’é’nﬁrp(?gé’rﬂ the sanple. Sanpling nmay be done by

taking either (i)@h@@éﬂs%ﬁﬁé' céﬂlﬁght%lrﬁﬁtﬁﬁor%ﬁ'(b% E%?Fehtﬁken fbm tﬂ?%%ﬂ | es

(in either order), or some conbination of the two techniques
take cel | soRtaminGpertiopharetlysadk@ngedi um t hen renove additional

condi tioned ”eﬂé ‘t'lﬁ%ah‘r%hﬂg AH cEH'EES{h &Bb &?@@8%@2&% tﬁ%scﬂiﬁ: %t'fb%

skilled artisa e equa i ons above 1 npli
percent cé&X'and "Mén@datectanl eneasitred. | Thetshdzledam!i:slaa can0fi8pitieeseki | | ed

Pati o my besyieie WRE Fadeh v rals drt cel B lta s EreoT
cul ture comgstions may be anenable to, or even reqU| re altered

rati os of cell gn]d ndltloned medi um j.n a sanp be
apparent to th@) ORI | | &yong example. B@r‘fqr‘@lﬂ%‘adrmﬁihﬂi"’c'ﬁtﬁf%ﬁé‘”‘i%’ egeally

cal cul ati i6 wib BERIBHE IQéA@es%hQ'ébﬂLcQﬁtaﬁﬁiﬁﬁ Mﬁi@n%@?aﬁa Bthded|he

@b
sanpl i ng strategy usegt “or exanpl e, the ra?| o of percent conditioned
medi um voFomaining peities (TY": eAs shewn in Eigrs & a@é\de@p@lsecf indorample Hewhene

viabilityypl Ténh&arﬁé}ﬁiﬂb% oFh, g?")QHa\é 110 1% X@ﬁc’.ci}hé! (%’mlehru%f—llhbvs%

cells vi correc |V|ty

a= t he raghd thg rqmmmlegthaiﬁls trhilbetmaiellemzlritanmg mﬂm‘eﬁx”)oﬂ']ehhbe frat:iaadnai
condi tion | e includes
Sohof 1 heg‘%@f’ S et RECR BY 1o G sarihe R R8R: Froned
medium (i.e., the ratio of the pexcent a@@v@f y,gmalhv@ekélg and percent
of conditi oned mediumis | ess tha“‘? erry_\ n the "X
and "Y" sanple portions are 1000 and 200, respecti K y, then 1000 200
vi abi | i t yThe Quiherator of this expression is the enzyme activity present in the membrane-
intact cells {the amount in the cell-containing portion, i.e. cells and conditioned
medium, less the amount present in the conditioned medium alone), while the
denominator is the total amount of enzyme activity present in the sample. If the
measured enzyme activity present in the cell containing and non-cell-containing
portions of the sample are 500 and 50, then the fractional viability is

500-50 450
500+50 550

[0051]  Of course, in the first step of the methods of the invention, the

~0.82.

conditioned medium in the sample need not be divided equally between the cell-
containing and non-cell containing portions. Where the fraction of the total
conditioned medium in the sample is not divided equally between the two portions,
the fractional viability is then given by

-10-



1000+200+2x2004-1 -1) 2 Alternatively, the ratio of percent cells to
percent conditioned nmediumvolunme to in a sanple may greater than 1.
Thus, if awsaplwidoncl udes 5% of the total cells and 1%@frudbsosmhal
conditioned nedium and the activity in the "X' and "Y" sanple
portions are 820 and 20, respectively, then 820-20 viability =, -
0.8 820+20+2x20x0-1) Notably, in these exanples, the correction only
needed to be made in the denomni nator& offt he equations already
present ed above. This revised equati gnigssunes that the total vol une
of conditioned nedium present in the san'ﬁ)l e is divided equally
between the "X' and "Y" portions m@@yggl(h_en the conditioned medi um
is not divided equally, this sanme denom ngtor correction may be
applied to the equation, already provided, for situations where the
condi t i onduthedHsliaNpressign. cds @i ss:@ﬁn@tﬁmrlwmam@w fone yoluraaef " v

portions 5’35(33'1” : t t 1 Ni C

vi abi li tyQ%rruggl e %}c}:u&wﬂ@%lﬁ%ﬁﬁ%ﬁ gﬁ@jm; sch%lly gg't %L%gégq?eo\r%lé@ﬁtorfol
cell's. Conondtioras insdaneintbedetl continihg podioarmssaysthet iasealirgstaatnr fsod
a particulkar. .cultyure nmediu mat rix,..or | | pe. This i. i rt,
because eiﬁ&'ﬁﬁ&* %?s%%z‘?@k S frﬁ?t@"r{ecggr&‘? B’ig’cﬁa %P%Pwﬁéﬂeagwgaw
activity. pAdssat it prii@ayutessaphple boHRin @ IcoARNAG calld. | Wi dryilleartie

af fected bgathe resence, or, absence of, for exanp]e,

xaflr .Serum
suppl enenf¥ample, gnsﬁﬁbo,!e Bh@ fispue eRginerrefdr Pdugt SLBYidPd IR0 | n addi ti on,
absol ute measurgs of pBehN, boRfaifig WP cARdnd 33% PR fheSarthibchfioR¥d

intrinsic donor-to-donor, strain-to-strailn,
passage- t BpfsliaGEd/ari abi i ti es. [0055] Additional |y, existing nethods

often saturate, gt e I . Si.Lles. [ |.cations
such as ti ssue(zzngi%ggrrtfoﬂéf’ r%\lg&qrrt%{rﬁ'ﬁ%g&%r %éﬂ)t%%g#bi?%@hdgﬂ?%g%hﬁ on are
usef ul f oromdtenad mgdiaiabi lity in high cell density applications,
such as tL_[% ue iengi neering. Cell Death-Stable Protein and Enzyne
Activities, P7ﬂkss<’<2§y Conditions, and Cell D sruption [0056]A cell

deat h-stabl e protein or enzyne actiivisty2ss jone that persists at
detectabl e | evel s through cell de (Tcg'glr“rgi-ng by various nechani sns,
e.g., progranmed cell death (an enefgy-Tequiring process) or necrosis
(a non- endrthy megsiEdenzynecady)ty iBé@hane 30 dori XY asd deltherdeat h processes
affect different proteins to di ffe‘{oﬁnt] extents, a cell death-stable
protein may be programred cghhiife -"§t39b;é,92g%cgoti cally stable, or
bot h. For an overview of cell deat#)0-sge, @3@., éw mar aes and Li nden,

Egr? 7‘;6_ gi ?388@0_52]271;1'%g§§|:eég%% c‘igc%%g?one}lqguc'i_leeé] 83{3}@ gﬁealr}lgttg [:gl’culate
Viability using methods provided by the invention. This may be in the context of a
culture grown solely for assay, or for the purpose of estimating the viability of
some larger population. For example, in a "lot release” assay for a tissue
engineered product, the viability of the product’s constituent cells are determined
by taking a sample of the product (i.e., a biopsy), and some of the overlying
conditioned medium. In its simplest form, the percentage of the total conditioned
medium overlying the product and the percentage of the product’s total surface
area or volume (and therefore cells) biopsied, are the same. For example, if a
biopsy includes about 2% of the cells of the product, about 2% of the volume of
conditioned medium overlying the product should also be present in the sample.
Sampling may be done by taking either the cells and conditioned medium

together, or in series (in either order), or some combination of the two techniques

41-



[ 0057] I n sone enbodi nents, the relative concentration of the cell
deat h-stable protein or enzyne activity is unaffected, or changes no
nore than o abvesids 20, 40, 60, or 80% or no nore thartys280s/093613
fold in cells having undergone a cell death process, relative to
cells that have not undergone the cell death process. In certain

embodi ments, the half-life of a cell death-stable protein or enzyne
activity feg- fekeeriistargisongpcombiionsd medium, thareremedscadditonag, 4, 5,

6, 8, 10, 3 HeY WO
5005 063 05EPSRALER A %‘%@WEE&&%‘F? Coptefipleleq B P e

appr eci at artisaat Theotpiation® abeve yndichiytassimiedbisthaperent bell ®yidradite
for the pregﬁ%]t i.nveﬂ_%i on can be identified by various neans. For
exanpl e, aR ﬁfaélod? en%arB%ﬁe expression profile of cells undergoing

a cell death p[oosess, Thelskilledpractitiohat wifapprédigtenRit tHadel 88 Rovduss! |
deat h process, can, be used identify genes whose protein products

S . to i
are cel | §eAPHDG fafia/@aypevariad, and batpadicdlar rell tpes. predusis qeimdturmy
be differ Hi : , or
80% or n %Bﬁ%ﬁgﬁ%@%ﬁ&g;@%ﬁ@ éd'r:‘%{g %5 Eﬁﬁé%@iel' é R%rr? é zﬁg%s?%fgégs & g PI deat h
process, cenditipRed mediwn insa samaplearAs wouldibedepparenigodhe ekillediadisan,

process. - Skl - Akt i i enes j,dentified

Phi s ey FoBicEl mdfclibhs B! oy FER ISt A b A S R el
product odepezding oadhé samplinnsieatedy LUsed.eRbr eedrhpldeihielratis of persent

[ 0059] Cel | d&ﬁt h- taal e erlot ei ns or _enzyne activgé es shoul d bhe
confined BS§NTHENGEMERNIDR Yolgyme inperegt cells i a sgppigdsyates fomhb theathie
nenbr ane, vid&ilﬁﬁ@fmﬁts@ﬁglle cHh byigw@inrbya menbr ane- bound organel | e.

Target nol ecul es shoul d not be secreted proteins because the origin
of such a protein or;gpryae_acti vity, i_ etivitheyieer_/fearelsi abl e or
non-vi abl e cells, cannot” bexraaddyfy dot ecwiraeel dhe_eehkirydeat h-stabl e
protein or enzynme activity, if confined within the plasnma nenbrane,

must becoidess §a b raiofpereant of e tntatioelmte netcerf the tt@eeotiitheed
menbr ane | i : i Lon

di srupted n%&%%\ygﬁng% i?t tﬁ? S%ﬁﬁ?s Iﬁ%%mme? g%hggggﬁ#%g%aorﬁﬁééﬁsl @d’g h
means sho@nd 4 efthevetadvbluoe ofoandiibned enegiblrh (ideathie-ratialef thepeotentager

enzynme activity.. .For exanple, cel.l nbrane .inteqgrity, may be .
i o1 upt o bkt Bhg PERER BredBltonFRTIRAn TP Jre o &b T BE acgly i

t enper at utiee (¢.and, “YF semplen@rtiosdans 10 Aid 200 fEBHdctivelySthen Of
menbrane decoupling agents. Chem cal |ysis may be achi eved by

i ncubati on with anphi phigdeitye | ed 0} PO oaps g getergents, or
certain glycosides (e.g., saponim . e,a 1 ofychemcal lysis
agent mag %e‘ adj ustt(ad '?o ach?e@gé‘lih%&-&c]%%f?@@‘ e’j’r"je t. For exa?/rpl e,
saponin may be used at a final concentration of between 0.01% and 2%
(WYV), e. @qiternadivelgethe0alidf perdedt &ls t¢ PBGERT hendiibhed eaidiurs tvaklines to

protein ot_enz activit be_either a naturall ccurrin

conponent "bf S?ﬁ]g)?ec@f’"y 9[5%‘?%5 &g%o"n' Yt %tae neﬁ?CElédﬁ%%cg’rfg;{rlﬁ ggtq%y;ells

occur ri ng apgnPe bethe, toRl BondiBdheRNPEGRAE Gndake BBIVIGNA tHy m"%iﬁa("g)' g@fnple
y

enzynme activity. Such recomnbi nant nol ecul es may be introduce
routi ne mPPRGES ara 820 apd inrespestieiuthen and nmay be stably or

transiently expressed, i.e., integratgeyingo the genone, or plasmd
based. See, e.g., Joseph Babibty el0.8 Mol ecul ar

Cl oning: A Laboratory Mnual Col OS*p?(Hﬁ%x?%?‘ st/ Labor at ory Press; 3rd
edition (2R%bly, ih @REelddaniied, the cHEaIoR MR nd ity (W EmbAaT fRe enzyne

may be

denominators of the equations already presented above. This revised equation
assumes that the total volume of conditioned medium present in the sample is
divided equally between the “X” and “Y” portions assayed. When the conditioned

medium is not divided equally, this same denominator correction may be applied
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responsi ble for a cell death-stable enzyne activity. For exanple, a
group of related enzynes nmay share a substrate. In sonme enbodi nents,
an enzyne aetjdoddsyooss catal yzed by at least 1, 2, 3, 4,pd&yushtosgsdiz or
nore, different enzynes. Detection Methods [0063]A cell death-stable
protein can be detected by conventional techniques known in the art,
e.g., Western blot, ELISA nass spectronetry, chromatography, or

i mrunochert® $ig Qquaﬂonealreﬁdy\mpylde@, foekituations where teecqnddiosed neediuings
det ect ed r e &l A ctivity. That
e o prot i QM AL bAMEE T ERY  RGRRSEIEL. o o 2
reaction whi ch[0(154¢at éthyezraethoEDsﬁndﬁtemgniﬂfgrdetlmllitmpﬁgrdeﬂ}bmem ts
detection.of enzyne.a It eV|ou ccessible to | ecules in
he ext r adiorGPE ARG Inafdedblof otk BRRER eatls B Syafblcialiogate he
cell, entrp e?'fzyﬁfleslbﬁs%ﬁra'ﬁsﬁy'fcﬂtappérlﬂéul‘éﬁbultur@rrné?ﬁlﬁrh matrix, or EAPGAE THeis
ski | I ed artisan will recognize that combi nations of substratés and

| eavi ng groUpRadabraise exBERG assays make phselue Meanbes obiprofdie or enzyme

i nvent i Qn’ac“%y] At}scﬂﬁg tuhee%l'ﬁﬁﬂ&@tﬁlr éﬁ%n‘?@é gxa rb%%@ﬁa‘obﬁfthf or

catal yzin ease 0 avin test
sanpl es rrmyemchebfsemﬁ dxfntoweanr@ia iserus, s:fpptera@hte \ataammrphenabﬁeel

cells (se ncubated w andi dat e substrate
accordi ng%tréTsa %tﬂﬂsu%i%g%s %aq ﬁ@“ |a?‘?§8lﬁ% r&easgl:ﬁg quét\’c}?'ﬂd)rg?%wei %Y'

det ect ed aad bet affdctdcEing intihsid @bricedo-agaon stralre-stromrandaddlipebayes-ab! e
and non-vi abl e cel | substrates wll be those that bear a

% Usef ul
linear coPEPads YH'aRASt he known proportion of viable and non-viabl e

cells. By test {mszubsttdcm&euy rtaxtdt.lng MEodsé bitei? sBQFatE € 8PSRIHE IBR! dffepow
t he sourc/qu of the cell death-stable enzyme activit [ 0065] Enzyne

substrate éawhee useshiy anplipatippsssiches tisele erabRATING %henmﬂto SA
usef ul Pr PR&Vided 4 8} tredﬁbempﬁé}ert@.afm &Htrnge%uvttq r\raadu.tgwﬁﬁtgnlcag dgps.yle

det ect abl ng group I Hg gr oup

or only pepplisatiodes sehas sswhengresjingat ed to an enzyne substrate,
but rapi dlé’elﬁf&a‘%ﬂ%ﬁaﬁ@ﬁ&e [ ci at | the sub t ate,
e.g., fol Fow d PSS 1Lt e.

d asses oﬂ)ni;reug’uermg groups t hat nay be used in the met hods of the

i nvention incl but, ar ed to, chronogenic, fluorescent,
and | uni nescen %ﬂec#ﬁ %%'Fdfa%ﬁgﬁb@t Bﬁ%‘&éﬁle@zﬁﬁ?@%ﬁw@s‘sp@? thatgersists’
det ect i on zpHeRRIDRIAEISI tHidUghaeR deBHH oddi@NY b vaitusthbchalidrh@Zogi um
salts and formazans were some of the first substrates used to detect

enzymat i c PARRIPTITSA ¢ol| donih (arppRrov1HPatiges eraceey) eictraresis (7 nowenergy-
(1976)) . |F|hg§’g1%ce§§)| HdFREE VG 18@?&!’@@%&6%&@@ oK o fferer?t] &otﬁlns

U S. Patent 26,111, at co Lum nescent
such as ILﬁfmdrﬁﬁ@relﬁmteiré%Imllrﬂﬂath-ﬁtable)eroé@njm@ab@drdgmamnm;zinmll death-

cubst et e el Sahl o Bob S AR Bl By SRR R 4

conj ugat edsuimataesi dref LindegrEdveJ aiptiograd 27 n: 1838y $350112008) end Hehbartesre

i s expres S. Patent No. 7,148,030). [0068] The

met hods o?\?a?t‘(%” ﬁﬁwﬁ? 0@0 errpl oy fluorescent |eaving groups, e.g.,
xant hene dyes, [(0579" €36 SbMe erfiBRHARABHRE the PHBORCOASABN B RS HLIES

and their derivatives. Available fluorescent nolecules are well known

in the ardeathsaablegrgtein of enzyma asfivitiissunaffestxd, 96 ghangesum 8Os than 5,
4,694, 070340, 15, 20, 40, 60, or 80%, or no more than 1, 2, or 3 fold in cells having

undergone a cell death process, relative to cells that have not undergone the cell

death process. [n certain embodiments, the half-life of a cell death-stable protein
or enzyme activity may be about 30, 60, 90, or 120 minutes; about 2, 3, 4, 5, 6, 8,
10, or 12 hours; or up to about 1, 2, 3, 4 days, or more.
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4,801, 534; 5,352,803; 6,130,101; 6,248,904; 6,342,611; 6, 458, 966;

6, 750, 357; 6, 759, 207; RE38, 723, particularly Table Il, therein and

U S. Pat enfvoMapidseati on Nos. 10/138,375, filed May 6, ZQ07udapishkicshed
as U S. Patent Publication No. 2003/0208037) and 10/621, 311, filed
Jul'y 18, 2003 (published as U.S. Patent Publication No. 2005/0014160)
for exanples of fluorescent |eaving ?r oups) [ 0069] The si gnal
produced by thé03%&hvi igegikdied arisarpei Ieppeasiale ’fb§'t rInlgingpranzyina e

[ tor onet SriVs B4 MARAGIHEBL, of yRAEEATA BOR Bhine HRMART
I eav: [lg gwauplss aeanpr Eseflgarln?leaawmh ef Bhelmnem;}réﬁstndep&mteaﬁf cells
con ugat o3 detaetie F RO FE= hirmekns. matRUO AN AU Nal WICeHARE0 & v ng

gr oup con jdegti gdckss, @aﬁlbbsisrealtts iddntity §&ids WRGHdprota® bRoRREY AR 6ehat
is, (?Pag'lar bohydr at e, id, protein, peptide, nucleic acid

hor m)ne -siaRiePrRIng 9’ e me }iMieRaUsh dsnes maydre diffeeengalh
substr at e%xpf@%@@@ nﬂ%&%'tﬁén BRY b Q@t?’ﬁ‘%d %r@ﬁ? F'npgnér%tﬂ?n 1.2, 0r

bi ochemi cally purified) or synthetic hesSr’zed or
r econbl naif@lfiyn pellfdumgmn@\@didhd&ﬁw nleaC%mes!etlwtmttelbttbst aTaylotont ain

sone, onent non-.nat ur
not e’ "o ultpefioind '@ Bl Aa e bOTRONIR' Sl i IER e P g
enzyrre/ suluﬂntlaeda tl'pslwas ramsi berfarther gvalumtedfdr the eebiligy 6f the YréleinRabandt
Nos. 4,167 449% i.cul a Tab hﬁ% 5,871,946 (particularly Table
1), and 7965821 {3 ﬁ'yth'E{?fﬁ 'H@Ie eth¥0ee§sesor  exanpl es of such
enzyme/ subst rﬁmgpaal (Y]] de‘é@qibiaquﬁﬂokéfns éﬂ@ﬁiyfn@é QGtMtkysaeroﬁ&i p@y be
gener at ed, f? disclosed in U S Patent No. 6, 8, and screened to

i dentl fy GeBfingd by e Rezirbapsefithe esll.feg., egérmhtm@emsm@mmbran@, in

i nventi ongpd W@Wcﬁﬂ%ﬁ'aﬁﬁ@%rer@%&l@ "Térg ﬁlé%ﬁb%%%guld not
preference can be’ profil usi ng phage sp ay ﬁ

di scl osed berseceeted prateinb decayseathe originodf stChenprosss DEGGZWSe eenay) Le.
[0071] O h S nt | i ncI de
con] ugat NSy o FRLKEE - Bk SRRSO e dslg e RS e
(Leytus etleath-staBlequbtein odenzyp@Oa@Ray Sﬂaor(fm%&wbhw\kheOMaaﬁa mmimahe! n
assays for tease actl . of Bionol.

Scr een, %%iggﬁ?i“?fﬁﬁ%a é%ﬁf’%b’%ét°fﬁlemrb%l‘%¢’ﬁ%%“¥t ry, 38:13906-11

(1999). These [0OBOENt TheaneBranal gyt th@b@nefmlthé@b# SEMPMAT b
di scl osed | n, U S. Patent Q@Plggﬁon . ?5%%{2 file §e

January 2§'Sr%@ﬁ%¥® ’I%%’“ﬁ%nﬂ‘@w@fﬁ @ﬁtSkﬁ'&BIqrﬁ%ﬁﬁ &P@U@JE@@@W@
on July 28restP@dil of %Z?&,ﬂihé cERREARLstARb rok HeSadtilityTBEgf al ni ng

cel lul ar and organi smal honeostasi s across pHP(Ir) r?z{ one reason for
t he prevakéa@elnrel giesrwaneg éiegritys maydes f:llatte)iedaby ﬁhﬂsékrm soficptiot, ease

activity t 3 d 984, 718, whi ch
o ovi de”r Sasumtidh terbetalE! B SRR G S Gl bR T ot
and i n whehzyroalid lyis, pOOEBIbrame detmmhﬁglageletsaﬂhe‘mmad Iyeis ey bad del y
anong different enz s.an or_differen bstr tes of a, particul ar
enzyrme. EREPIPHEY BY fgibatich fith @one "&wfﬁsu SEU6R &5 SoRes. fedeosets, or
condi ti ongem4intdhoBRes Usy( Sa@oninpHThé aFRRMBbEERemieaITRLiaabENt m8Y Be) -
the expressjon | evel or tﬁost transl ational regulation of "the enzyne,

t

and subst AdiusteddrAshiavaithe desitrheliecit EOt BXaTBRiEr SRRIIN mawbawe@ai at®@ be
adj usted hﬁaltéﬁﬁc@ﬁﬁﬁwﬁéf%ﬁﬁe&g@m% LA aby. gvﬁfja? p dQJeY\ﬁQer? on rt](’?:e

nmedi um condi ti ons, suitabl strate conc ns nma
range of,0%., 0.01 ng/m to 100 ny/m, or 10 pg/m to 10 ng/m I n

sonme situat | on su n on of betwe n. 0 001 mM and 10
nM may be appr Oeﬁﬂt ehmi\lct%elr%ﬁéﬁ1 %\}gﬁi‘? pa'x? %%%VFE%% BRSPS T an
be bet weenafurdlly Gd\ﬂ.la"rr@ Ebriparidnt &F thel @tllp;opulaﬁ@ubqiro@arrte BES rbhﬁﬁat@ﬂailfr)w
for the devel oRment of detectable signals, -17-

occurring component, e.g., an expressed recombinant protein(s) or enzyme

activity. Such recombinant molecules may be introduced by routine methods
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will vary w dely dependi ng on these sane paraneters. Accordingly,

i ncubation times may range from 30 seconds or less, upto 1, 2, 3, 5
10, 20, 3O0woHBes/fefoss 7S, or 90 minutes; or even 2, 4 GPégUszg(;smgg/,u
hours, or nore. [0074] One usef ul substrate for the detection of
proteolytic activity in the nethods of the invention is

bi s- (Al a- Al a- Phe) - Rnodam ne-110 (Pronega, Cat. No. (9260). An

addi t i onaknswbsn thet art, ieefiaay ba stabdy oetrésosientlyf extpinessedy ealt lmzegramd into

Al a- Al aPhe- AMC (Bachem Cat No. .1-1415, 0Q5 eo but, not
el od" upJie OEhAITe ot G 22 S eiorenl Pambraninite HAGS Ryss the'
ext r al ysogmiedulir Cloapigt AYlaberstbhydmanua/IC&d ByiRg HENbor LLaboRgtbgpeksal -

J Biol. Chem, 261:2409-2417 (1986)) and the |ysosomal tripepti dyI
pept i dase 3[d @WE%&ZQ%P | ; Vines and Warburton, Biochim Biophys.
Acta., 1384: 23830%5 (

Cyt ochem 91 396@3@&%&?{%%8%%&%%@%}@% O%%enﬁsrﬁéwmmn and
specific Wﬁ@ﬂ%foﬂ‘ arcedlm@ab“aalabla enzysebadtivits fier éSrapisohigeoup et al .

i ar ¢ IORRY TR Inay fidte R Rl e PR AR A Eb e e |

may be foanmniyns catafyzed Tyaat ImstaL 2, 34,8, d0, Ehemmo23diffebdf en2yrca0o) ,
whi ch scr%en l,i brari es of substrat es and U. S. Patent No.

6, 824, 998&%—89%&&3@%3% substrates (with precipitating |eaving
groups) usef ul (dosg] hlﬂ@élnmaimstaﬂwbm@hlcgnfbed&@&éhb&%ﬁb@ntﬁa@Is
known to al so_be a substrate for the chynotrypsin enzyne.

subst r at eﬁeqhé‘fqt@ﬁ)hﬁ*ﬁt’”ﬂy@éh%aﬁrﬂgrséfyﬁﬁtéw Riak @aéﬁsa%ct@mqim n, are
known | N LRfnRbtba@dho! & itk ﬁLtHPCAIté?Hat%W ‘é'éétil'o%%h SlapRHsirein

eNnzymnes. ese a Scusse er 1n harma et a
Chem ( 20@8"! bautpieste@ by Iaeahamntenstmnﬂlhdmth-atablarwmyme activitPMT Dt isjoa

and ot | cuBleETay B SgRcted kbEBNEshRetofd. mipatBhiERta 5.

Bi ol . Chepataliz2s2 ¥88dphiy (n]a&ib?r)me (ﬁﬁégr|t¢pbtmlt£déﬂedt:mrrmf ey ridddtivity

[0076] The invention pr S S. i C ed to ne re the
Viabi ity PV GREPRiE & BETHaHRE i om e raauR At by, oy S gapsion of
or gani sns ihe?elﬁlzyméTBﬂff’Gﬂtﬁe cemCelﬂuus}lcnga éumafa infNGefdefindybothde variety
of source tissues. The cells assayed may be derived fromtissues in

various stages[®B4lievdihgsilied arissn ‘é"”rfﬁ‘&ogﬂéz‘ij@lai: cembinatiensael atpgirates
fetal, or aRtEHARY §ro%9§ &R be-@},?eé]féd for I8¢ iPBerRithBas 8MtheQhvention,

pl uri potent stemcel derived froman organ originating fromany of
the three Mﬁhpnmen&&Bar@imknpwmethg enizyrme(s) é%?emmerhiﬁ tai)ezumg the release

endoder m of {H rlea%ﬁ%ocﬁﬁ)an%r xaﬁﬁLé ze%nprﬁegﬁ{a 358 Woﬁﬂr’?owrbeart

skel etal nusc nusc ney, Il ver Iungs bone, pancr eas,
central nquan‘nﬁ&stofsram ape nopiviatde celey (seese.gi, Saepleil)y and atcabgted with

t i nt I' . I t d
i ssue. (e agandidats sidtte aftoTnagE e MeTiis e Ty tiae B et fianded
primary cgkda‘p isGhér uét@cmmmmnwnsnﬁpm@aIdg&ms@th@mm tatioes viepld

| i nes. itionally, the cells ma grown in a variety of nedia,

e.g., witRBdnopviaRiaceler Uﬁ?f(ibSlgb ¥ra&@$ew¢ld}&|th98@m hear adpeancorgiaiion
Wi th or wifiRaHb kﬁ{aﬁﬁ‘ﬁ'ro fon | bPAZEIE ﬁdhvﬁaﬁlb%né” P\ﬁg%ﬁﬁxgﬁﬁeﬁgﬁiﬁsﬁﬁ

nmeasure the vi abi I's over a w de range o sities.
For exanpkiés waryeltafemmmatzaysam ipkeewthe sourae(@e nbineycalfdaath-aleble enZri04
and 2. 8x1gg "ﬁ@l | s/ cn2, between 3.5x104 and 2.8x106, or between 5x104
and 1x106ce /cnt. The cells may al so be present at a high density
of at |east 2.[DOBSP, Erﬁyﬂn@&ub&trﬁbell@ﬁvm@gﬂ)ﬁkﬂﬁ)ﬂj@g&&éé@f&wabl([hﬁl‘ﬁmn in

4x106, 5x106, 106, 8x106 0Ox1 60e||s/ or. np The net?
X o iden DI Ao el B SIS B mRoats B eal SHEGIHnG P ey of
up to abo'dbte%l@é'tﬁ@ﬁa%'ﬂn@/g?rﬁﬁp that i, m@né&nﬁdj am@ .5%& awne o{i‘%h@%%rlwwl d

work with cell densities of up 106 cells/che, )
detectable when conjugated to an enzyme substrate but rapldly becomes

detectable upon dissociation from the substrate, e.g., following enzymatic

-15-



of viable cells growmn on a variety of substrates or matrices. Cells
may be grown on traditional two-dinmensional cell culture substrates,

e.g., gl aswomosusidoace treated -19- plastic. Alternatimalys2o@abics:
can be supported by a scaffold or matrix, e.g., where the cells are
part of a tissue engineered product. Suitable scaffolds may include

structures conposed of netals, plastics, glass, silicon, ceramcs,
and/ or caPtACERIPE G5 Preenaymesifstrale) Classes §E@ﬁ?'ﬁgcﬂfm9eﬁhﬁhm§ylh¢cua¢de

absor babl ﬁmtﬁ@'rﬁ@t‘ﬁb&é Sf {2 iy rﬁf&hyﬁ?ﬁée%%%hé/ﬁ n%f’e(o%gl: Bt nic2nd

derivatives or cop r?E(j/mars {her eo car Uroni n,
chitin, sfluerencerdsrand Winmiaessent mdequlestein (e. g., col lagen (e.g., a

i || ti t

oF " those mat r P 088F £ KFRaByF Ut nde e, B K peRRustdieriine pauf ar”

engiRnegr i ngll kfww]lgm fheLad ggetrggi@rg Osgg@gﬁa ferAthz¥as mfé s?rilﬁoslﬁ)the filstda,
. 0C It ac en S

6, 689, 6085'ét?ﬁ% %%BW%WG§%%V%F'Fé‘Pf‘\ﬂWs(Aﬂ[fmsﬁT%ﬁf#eam@ have

di scover e@ytdmterrp@m@s (r19¢6)9 am\daurohapéoa@msmé oAb ILARY P b Rluhd i

densities assayabl e the nmethods of the invention. This Is acﬂleved
by attenu&d rkfyst l‘?é*t%téh?m? 46,1 hb atealimy1r oup. That i's, phenol red

reduces the si . 38S
saturates at aﬁgleg erLg 1%33‘3&1{;&8%%%% é&a}%eog’ﬁ')lzoelg%ﬁ (%]U%(') SI;’rc:%(.'ibel:"d
upon, t hatonjegated dmahzymekebstrateedndsed slirettysinghé ewithddxcafitbe inveation
absorptio pectr i n|f verlap. wth th the ex ion
and eni ss&c?% § #?al'%? WS[ n?‘ﬁsaml@ Pﬁ%ﬂ%’f\,\bn %Egraﬁ?%ﬁo"t%q%ﬂéﬁ%

red for mltﬂeriﬁbmbsenqi[oyfﬁdmra @fsttern watierd QicgRRkSs adigRbes [k, HSE,

w th ot hep Vi n fﬁl 5 al so cont enpl at ed. Appr opriate

att enuat i gé g%ﬁ’t‘ T %@P? tul ar | eaving groups' excitation and or
em ssi on spectpasyy | | Thé‘r‘@ethb@s Qﬁ%bﬁ%rﬁgﬁrnﬁ%?y %p%xl%b?éécbﬁt !bé\?mg ar e

absor ption spectrum orption, excitation, SSion spectr
known in $W&PEsre. gorxaﬁﬁsﬁnﬁ yeéaiuiqr9smm%rrh¢mnemqumm Based. g., by

f1 uoromet ﬁ%iecﬁ.%%g%}n& 'ﬂ%r—% iNG& T RiGes al%tlé]ﬁm#ﬁg{éﬁf 'rﬁjo‘?gcdﬁdé(% Ia.%%%:l‘k’ﬁd‘v&ﬂ on

are nodul ar an nmenabl e to rrutl eX|n I oha
pr ocessesln tbeeqnts (Seade.or, LaﬁeﬁatertteNmﬁ aﬁﬁ@ﬁZeﬁﬁéﬂ;ﬁ%Mmmw

Further i P BEAR 382 40BC o IO RIS EIRORE B .S 1E 014546804, Br el
protein o8, 75?21]79%38;7@3; pa?rghlaflyimbm:nmem Biyd ggglt?atgtgta eltogﬁgﬁne
CEeTVTT OGS G BB RS R A8 QB oS3, kb
and/ or | emmmgzm@mandsmﬁsiﬁeﬂeemulfﬂsr@o@w(p%bnm:ﬁ 05, FRet

nore species. of substrate for cel h-stabl e enzyme activities,
coupl ed tBuBlifatigp Nan280aE0d¢ 16D fer examplag offlearpacentiravincngiioups). exi ng

-20-  net hodso[gasgpe ?hg'sféﬁl‘é, b{btdacé%gw?eg 9@3‘?‘&5" pb?(’flﬂﬁégtgg]% cies

of leaving gr and mul tple specie
det ect i onamy ammerlamemeam siggVieualpespiestionfa spechiopgotpnoater, isninotzterd

ot gnal - 1AL ErERERGE T BbolRAHEE wPEREM S & ol fiu o i Bane 57 aHE e
act1vi t1 eare present in a sample, they may be detected simultaneously or sequentially.
[0070] Substrate-leaving group conjugates useful in the methods of the
invention will have a leaving group conjugated to a substrate of a cell death-stable
enzyme thatis, e.g., a carbohydrate, lipid, protein, peptide, nucleic acid, hormone,
or vitamin moiety; or a combination of one or more such substrates. These
moieties may be naturally-occurring (e.g., biochemically purified) or synthetic
(e.g., chemically synthesized or recombinantly produced). Additionally, these

substrates may contain no, some, or all non-native components (e.g. non-natural

-16-



For exanpl e, each substrate could be processed by a distinct enzyne
activity. By assaying and summ ng over nmultiple enzyne activities,

the i ntegreatedosicggnal is a nore accurate view of the sanpies0saesnal |
netabolic state. Integrated signals may al so be useful where shorter
i ncubation times are desired. [0084] The use of nultiple species of

| eaving groups in the methods of the invention provides independent
measur es @fMing adids,i klgcking deprebadtiog gnrbupsy ete.k onttensive gatelagsngl e

e Vv coupl i ple
speci o5 of"PHISRHE Gt e BrERFHT Rkl (sber Bk TS PRI NAST | .
The di 1; f edetfl7, 44 Dipatiutdriyerabiel ), 5, 8Miad46 wﬂldﬁjléﬂyIVaBigl)lt aMEeS'tOW’I’O’r S
dopendent IGHHSTEAINEES 13- 1) Foneaip e pLTRON B EH SRS AR PobP -
intensiti ﬁ%dltlbﬂgﬁbmﬁr&é‘ﬂb@‘ne@’%éy Pt Beftiaidd, %%lﬂ@s@ﬁﬁ U SaPQtent No.
coupled to a different species of 1eaving grou of fer tul

i ndependeRi68Pebiyprd sefeeppd e idenjify ggeasul deéubgtrafayforelsg 1I¥ﬂ1ﬁa| ong
to enzymes,hddy be iR ﬂ oA 1L rﬂé%mﬂoﬁkrﬁéﬁtﬁi ar‘?‘ﬁh%}fh&% b?ﬁ\nt ;E%strat?

relative activities could vary Yrom
40, or 80pfefercnbg can beqasfiled using BhageGlisp8y iechfolo§Plas disclheeDirt, eld,

or nore. ( asures of viability, an
i nvesti gaFéP)eﬁayalgeénﬂI)o?g% l?ggégﬁg‘%mﬁﬁ n the linear detection
ran?e with at jooas] th?mfbbabg USBfif irethe methods olfﬁﬁaﬁ‘}éhtfo%riflﬂ@ﬁe
P par t1 copabgeRel s hrscsmt e RHadaIIIIP PREOPdPeiRbes (RIS Ahe.
step of aggidngnpie 200 mmm@tsewmeﬁ 2”& if a%g% ffofflg:ﬁﬁeaféﬂé&mty,
coupled to the sane species of |eavi n%5gr oup, and detecting one or

i

nor e cont & rfarant epakei f iof Béams/necreet 1\55540 (2A2)canit HHY whAL - speci fi c
b |1
substrat e gapechos '39 ﬁ@?éﬁﬁ%?g%ﬁh%\%ﬁénéF&%ﬁ't{? iﬁtefg?atggrmgn ce

cul ture contam na fs suc ra, arc protists
- and abs enﬂtnpﬂe:oassdye asuisalwsed ioetlgs'U.fr Bamtégplidatioands. ndV362,836,

cont am nal e 20Ra0ree-cpr gpuaSRE msuf 5. PAIGER AlEaBe 2005 A ER321 oayi ng

group for Julges, 2005y nant - speci fic enzyma activities wll be

di sti ngui shabl romthe |l eavin s) used to peasure the
viability of tﬁ)é?%@ﬁu EfeR P‘l@?e‘? gygieesRe Mmpeintaengcelljlr pAdent i on

can al so BRyzAkHRAIS NSRS GBS ﬁyl‘é% Bth‘éﬁoTrMoPﬂweapréﬁﬁéﬁé@BF labéled

treat nent %ﬁge an envi ronnent a SIO o?|ca treat nent, e. g.
thernmal , BePifsyhstrateseasnarkess of @ﬁotwa%wéy ad.. S aetanis Nogy

al so be a Cds?msc?aén&é@aar-r%@twhr% RnroviBe Ofé'nlt%é{n% ﬁ!oévt@sgﬂgagnggﬁﬁ@g' cal

or bi ol ogi cal agent, 'or | naton ods of
the i nvenPi‘QiﬁasmactWﬂytmstu fhmttinuuleolemlls)t eps of applying a treatnent

et e ron oy KRR b AT <Pk Wl Bl gt
vi abi | i tyahe fer diferenbsuistratay of 2opatibflasensmee! Estringic fextpassitbdtingt he
treatment. In certain e totoxicity rra be cal cul at ed

as 1 ni nuen%meﬁrcfé\e&vn%g? 31%%4“@8& %eywﬁmna ¢-8n PH. fermpiaure,

enbodi menbgmofri®e dtd Phh
Exanpl e 1: rl{'/gasr@ﬂ ngpt Epgj@&lIB gébllbﬁ:i%\)ye‘F gpgésﬁﬁés??ﬁaz@%tqueﬁgéﬁg@lolgﬁ](?duct

[ 0088] A bEnRafme.cshsittstratss capcestratian. abubstraie gesegntiation wolhneet trbgur e
adjusted by the practitioner appropriately. For a given enzyme, and medium
conditions, suitable substrate concentrations may be in the range of, e.g., 0.01
ng/mito 100 mg/mi, or 10 pg/ml to 10 mg/ml. In some situations, a substrate
concentration of between 0.001 mM and 10 mM may be appropriate.
Alternatively, the substrate concentration can be between 0.01 mM and 0.5 mM.

Similarly, incubation times that allow for the development of detectable signals,
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There, "Read #1" is the amount of cell death-stable or enzyne
activity present in the portion of the popul ati on containing the

cel |l s and wondiddsoned nmedi um while "Read #2" is the amuoings2eds/osssid
deat h-stabl e protein of enzynme activity present in the portion of the
condi ti oned nmedi um not containing cells of the culture popul ation.

[ 0089] Human arti ¢ Iar chondrocytes were expanded to second or third
passage i Wih6HeMSRYY deperding en thepectater PREMEBIS: arcerdingly peubation

condi {1 ongimidg by nbBRod 30 SEBRR Grle Q{a%wt 855 Wey. ©058648f 675,

triplicate onto e opaque . es on the rough sidé of
ACI - MAI X( ©Y) 9GrBTiRMtaReoRYeRi 4pﬁnw\638'1@619ﬂlf$|0ﬂ‘d®r&rret er) at densities

of ~appr oxi mat e[lr%) ﬁ O%et&eﬁﬁ%ugg?atg%ljtﬁe%%ﬁ agen 5‘2@ I%ﬁ%tngén the

ACI - MAI X(r) me e matrixX 1S a porcine &o1%
matri x w trfetlmdsmtf@bénrwedmmrscbla(maufgb %@&hoﬁamn@ﬁedl(ﬁ@m@;ﬁﬂa& Ns.

equi val en 1x106 IIs ich rres onds to

1 75x106 8%9&1%’6 ég ifipaa p?é‘PSf( ﬁ ﬁ%&ﬁé’fﬁﬁ'm’% ‘(OEUS&[\%‘“E"
When the aﬁémchQMm@htm f1U14T550(23ﬂ¥ MRStk izEdA A Mot BB PN, tHae
smal | punches (typicall nmin diameter) and a proportional anpunt

of condi t {fela-AHadi W'Bﬁ@'%ﬁ&ﬁ%ﬁsﬁﬁi@é’éH‘%@ﬁtﬁiﬁospmﬂl tripeppd¥iches 6mm
I n di amet gg, tldM%bQPeﬁzgfﬂg%ﬁ‘ﬁP f[eﬁélﬁﬁl &t apPBAX RIS Zﬁ?gﬁ@%}@%g?(%é}fﬁ

menbrane, " a proporti anmount o he' condi' t1 oned
appr oxi raaed Wezlysascmmalttmmmldvbwemdhaﬁé eotymaéTIEBrthmes aod Wiarthiicom,

caces, o BTt DA AR Rositiede DR et e R 8 Ak QYOG

con'éI rol s. CiyfRA6HI 6420 ho06 $20ﬁ6t))erN0tebly, S\@ﬂaﬁﬂ@?e I‘sﬁé bomfncfrf@d specnﬁcf
condi ti one con of the total amount o
any prot eﬁ@#‘%%ﬁé@%@agﬁ”%&é@? iS5 ﬁmb leyapt &l Afels BiPghren eél’Péﬂysto
empty wel bg4:708@4bbeyt h@h@ét@f Xal fanontde t dyl d

bis- (Al a- Al a Ph%)(-th L whieh @R HAlcTbNalAaNtote Wifeptidyl peptidases.

(bi s-al anﬁﬂd@pa@ﬂﬁubﬁﬁéﬁ¢9|0§ﬂ“5’ﬁyl|mahbeéwnfbmw@ Preebak A0l Noem.,
69260 t ,
o, 2JLB350 7212000 thch SR IaRR] i ol PFricsland 08 Pt
d| I _utl ng uos%BQHa%L Wh@dj ,disgilopen @élstram (Wb 29ecipitatingHesyihageoups) f er ed
Sal i ne (P§§%f?11 %@ﬁis?ﬂ%ﬁg%t |on§t'°%§npl Saponi n was used to perneate

the live cells’in contalnlng cells and conditioned
medi um t o make[00M8] i nAfaAkR-Phe & kruwot wasiss baecaistratesfot thel dlymotrypsin

bstrate, The fjnal t rat of t th
st er i xenanis o PR BNEERE Kt g ey BR R ST e SYBB&r at e,
0. 83mM  Sagipainnare kntn RRe ettt &slafe Q@Etmlfmctmmr@laiohs bPeSeH Af t er

i ncubation (45-90_mn.), the plate was read_using a Ml ecul ar Devi ces

Spect r aVaR"RENSE- cFlegsere ‘*@é‘&é@d further ime - SoPhamma et 3. ivh Gdipe. 42008;
excitatio t

Vo osof t R CpgETIE RLOMARR RO I B N O P S
shown i n ErsjeldeGenome Biol. 8:218 (2007); Czapinska and Otlewski Euro. J. Biochem

260:571-95 (1999); Perona and Craik J. Biol. Chem. 272:29987-90 (1997).
Cell Culture Medium, and Matrix

[0076] The invention provides methods which may be used to measure
the viability of cultured cells derived from a wide variety of host organisms, e.g.,
mammals, including humans, and from a wide variety of source tissues. The cells
assayed may be derived from tissues in various stages of development. Cells
may be derived from an adult, fetal, or embryonic source. The cells may be
totipotent or pluripotent stem cells, derived from an organ originating from any of

the three primordial germ layers (i.e., ectoderm, mesoderm or endoderm). For
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Scatterplots of fluorescent reporter signal strength, (Read #1, |ive
cells with supernatant, Figure 2A; and Read #2, supernatant only,

Fi gure 2B)woamososisegcti on of cell seed density are showgriBab®oesint s
are the average of three replicates. Incubation time with the

bi s- (Al a- Al a- Phe) - Rhodam ne- 110 substrate was either 45, 60, or 90

m nutes. The relatjonship between signal and cell density was |inear
and vari e§*<ppis, é?ei’*b'i’“aéilhe Jesvag Sompekin, et skelekd mwsc@@ smcwﬂt @USC|9

i ncubati o ﬁﬁm gﬁﬁﬁ say
Accur acy g’r?gﬂé Phev\(;@??lu ng hgéwé?ghr acy o égai{) was eva ut%:lt ed
by conpar tiggue, WHCM@MHMWW&WHQ@ tissife, mtesjlrteusalemmmywldgmmective

per cent ag b T osed Qf a xt.ur e of
nonn quaieies (8o rRaffesden BEaditd e YR ARVES W oaluBh Ptahe

i ndi cat ed cdmjszuttumsexdalndad prioeep seltd, 6Se£tabﬁ'sfwmnie€ﬂ libes. ThednasY, @tk
viability S tted asafuntlon f the tErcen_t of viable cells in
the test m@?ﬁ‘pﬁg Tgpén gyvarg epf[ﬂ‘ I2c19d FOVHIONt §8RiM {fad-aver age

of two rephé@idiefiy defiydd ﬁf@HIaSI éﬁwmh bf giteeGHHRRALYIRRIN the neasur ed
viability and the _actual viability is |less than 15% For cell seeding

densities | owef0Q7Hhn Jhednvention P(E‘é\lfqi%?)‘ eethods tp srrpsure heutiabilityrof celie
(at |east 90 Mynd r slan? cENgHASES SPYr ?rﬁfl@%e Cfllimay[b%gt%?é it at a

nmeasur e the i nter-strain accuracy of t I ons of
live and deasityef beswéenmh2x1at am@@@xﬂo%t:elhsmm \betveeaeaagmo“aancbz Betaf, ty

exi si 1 n ChETMO D" EngIZHS el B AR BRI B

(Tabl e 1, dhsist ofcittienst 2l0x105, 5.08N=A1.0490°, RIUx 1082, 8bi0°] Sy 0° s ur ed

by S siiat O B ol G IO s rnieis rviemon e

20724. 01 JieifioPhhd Bedr? practiced with cell densities of up to about 3x10° cells/em?. It
is contemplated that the methods would work with cell densities of up 10°
cells/cm?, or more. It should be understood that all cell densities referenced
throughout this disclosure are qualified by the term “average.” The skilled artisan
will undoubtedly appreciate that local fluctuations in cell density will occur and are
contemplated in the methods provided by the invention.

[0078]  Cells are incubated in medium to aliow for the accumulation of
cell death-stable protein or enzyme activity in the medium, i.e., to produce
conditioned medium. The methods provided by the invention measure viability
over the amount of time that the cells are in contact with the medium, i.e.,
conditioned medium generally cannot be replaced with fresh medium just before
assay. Cells may be incubated for a variable amount of time, depending on the
particular application, e.g., cell type, cell density, medium type, or half-ife of the
cell death-stable protein or enzyme activity. Cells may be incubated before
assaying for about 1, 5, 10, 30, 60, 90, 120, 150, 180, 210, or 240 minutes; or
about 3, 4, 5, 6, 8, 10, 12, 18, or 24 hours; or up to about 1, 2, 3, 4, 5 days, or
more.

[0078]  The methods of the invention are useful to measure the fraction
of viable cells grown on a variety of substrates or matrices. Cells may be grown

on traditional two-dimensional cell culture substrates, e.g., glass or surface treated
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10029. 55 51.04 Strain #3 24999. 32 51.37 Average 18584.29 53.56
St andard Devi ation(SD) 7710.85 4.08 %CV=(|1 00xSI DY Average) 41.49 7.62

Exanpl e 3: w@ombwiclassi on of Matri x Reagent and Anal yst Martedodsiosisit o
Assay Precision

plastic. Alternatively, cells can be supported by a scaffold or matrix, e.g., where
the cells are part of a tissue engineered product. Suitable scaffolds may include
structures composed of metals, plastics, glass, silicon, ceramics, andfor calcium
phosphates. Other suitable scaffold materials include absorbable polyesters (e.g.
polymers of glycolide or lactide, and derivatives or copolymers thereof);
carbohydrate (e.g. hyaluronin, chitin, starch, or alginate), and protein (e.g.,
collagen (e.g., a porcine collagen-derived matrix) or gelatin}, or combinations of
any of these matrices. Further discussion of matrices used in tissue engineering
may be found in, e.g., Langer and Vacanti (1993); lkada, J. R. Soc. Inferface,
3:589-601 (2006); and U.S. Patent Nos. 6,689,608 and 6,800,296,

Assay Variations

[0080]  Applicants have discovered that phenol red can further extend
the range of cell densities assayable by the methods of the invention. This is
achieved by attenuating the signal of the leaving group. That is, phenol red
reduces the signal of, e.g., rhodamine-110 (R110), and the assay saturates at a
higher cell density. It is theorized, but not relied upon, that deprotonated phenol
red exerts this effect because its absorption spectrum has significant overlap with
both the excitation and emission spectra of rhodamine 110.

[0081] In addition to phenol red for R110, the use of other attenuating
agents adapted for use with other leaving groups is also contemplated.
Appropriate attenuating agents for particular leaving groups’ excitation and or
emission spectra will have the desired degree of overlap in its absorption
spectrum. Absorption, excitation, and emission spectra are known in the art or
may be readily determined empirically, e.g., by fluorometry.

[0082] Furthermore, the methods provided by the invention are modular
and amenable to multiplexing. That is, additional processes, steps, and/or agents
can further extend an assay’s utility. For example, the methods provided by the
invention may further include the detection of more than one cell death-stable
protein or enzyme activity. This is achieved by applying multiple enzyme-specific
substrates for fwo or more cell death-stable enzyme activities in a sample portion
using, e.g., orthogonal substrates and/or leaving groups. Such a “detection
mixture” contains one or more species of substrate for cell death-stable enzyme

activities, coupled to one or more detectable leaving groups. These multiplexing
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[0096] In order to assess the effect of different anal ysts and
different matrix or reagent lots on the precision of neasured

vi abi i ty, weslbsoshido@m a single parent culture were seedqeygdzoi082612
density of 7.0x105 cells/cn2 on nenbrane punches and processed as

described in Exanple 1. Three variables were analyzed: matrix | ot,

assay lot, and analyst. Each variable was tested in two groups - each
t r eat ment ngatmq:s et:mvbelgividadeietostlm bretil clsses @ singleaspecitEhof leawing groap e
shown in T ults sugﬁsﬁst that the assay is relatively

i nsensi ti 9 I@Hﬁﬁaggle?ﬁ? SREEE R ical variables. WO
2009/ 061905 PCT [09830 08//08A6dtronTmbd gre Avheye by @91@ sb@é!és %f BasRy dreag /nt

Anal yst %Sﬁptﬁé wITt%tmﬁl%pIléogpeﬁ%asLo?teng&mégﬁlag rates W|Il d
produce an integrated
signal. That is, the resulting signal is a sum of the detected enzyme activities.
For example, each substrate could be processed by a distinct enzyme activity. By
assaying and summing over multiple enzyme acivities, the integrated signal is a
more accurate view of the sample’s overall metabolic state. Integrated signals
may also be useful where shorter incubation times are desired.

[0084] The use of multiple species of leaving groups in the methods of
the invention provides independent measures of viability. A detection mixture
containing a single species of substrate for an enzyme activity coupled to multiple
species of leaving groups provides parallel measures of viability. The different
signals offer additional flexibility to investigators using detection equipment which
may have machine or detector dependent sensitivities, e.g., at different
wavelengths and or intensities.

[0085] The use of multiple substrate species, each coupled to a different
species of leaving group, offer fully independent measures of viability. The
substrates may, e.g., belong to enzymes with low, medium, or high relative
activities. The relative activities could vary from low to high by at least 10, 20, 40,
or 80%, or by at least 1, 2, 5, 10, 50, 100, 500, or 1000 fold, or more. By making
multiple independent measures of viability, an investigator may be more likely to
remain in the linear detection range with at least one substrate species.

[0086] A further application using multiple leaving groups is a quality
control assay. In particular, the methods of the invention may further include the
step of adding one or more contaminant-specific substrates, each coupled to the
same species of leaving group, and detecting one or more contaminant-specific
enzyme activities. The contaminant-specific substrate species are substrates for
enzymes specific to common cell culture contaminants such as: fungi, bacteria,
archaea, and protists — and absent from the cultured cells’ proteomes.
Accordingly, detection of the contaminant-specific leaving group indicates

contamination of the cultured cell population. Naturally, the leaving group for the
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Anal yst #2 Run #1 78.6 80.7 75.8 79.3 75.9 77.0 Run #2 78.3 82.5 80.5
78.6 82.8 78.6 Run #3

WO 2009/061903 PCT/US2008/082612

contaminant-specific enzyme activities will be distinguishable from the leaving
group(s} used to measure the viability of the cultured cells.

[0087] The methods of the invention can also be adapted to measure
the cytotoxicity of a treatment. A treatment may be an environmental or
physiological treatment, e.g., thermal, barometric, mechanical, or photic stimulus.
Treatment may also be a chemical treatment, e.g., osmolarity, pH, a
pharmacological or biological agent, or any combination of the above. The
methods of the invention may further include the steps of applying a treatment to a
test cell population, measuring the viability of the test cell population by the

~ methods of the invention and comparing the viability to a control culture of the
same cells not exposed to the treatment. In certain embodiments, the cytotoxicity
may be calculated as 1 minus the fractional viability of a population. In these

embodiments, a control population is not necessary.
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77.6 81.6 76.1 80.7 78.4 73.7 Average 78.2 81.6 77.5 79.5 79.0 76.4
St andard Devi ation 0.5

WO 2009/061905 PCT/US2008/082612

Examples
Example 1: Measuring Cell Viability of a Tissue-Engineered Product

[0088] A brief schematic of a cell viability assay is shown in Figure 1.
There, “Read #1” is the amount of cell death-stable or enzyme activity present in
the portion of the population containing the cells and conditioned medium, while
‘Read #2" is the amount of cell death-stable protein of enzyme activity present in
the portion of the conditioned medium not containing cells of the culture
population.

[0089] Human articular chondrocytes were expanded to second or third
passage in monolayer cultures. In order to replicate culture conditions used in
MACI® implants, chondrocytes were seeded in triplicate onto white opaque 96 well
plates on the rough side of ACI-MAIX® membrane matrix punches (6 mm in
diameter) at densities of approximately 25,000 to 600,000 cells per punch.
Matricel ACI-MAIX® membrane matrix is a porcine coltagen based membrane
matrix with a smooth side and a rough side. This seeding density is equivalent to
8.75x10" to 2.1x10° cells/cm? which corresponds to 1.75x10° to 42x108 cells per
ACI-MAIX® membrane matrix (20 cm?). When the assay is applied to full-sized
MACI® implant samples, two small punches (typically 8 mm in diameter) and a
proportional amount of conditioned medium are taken from each sample. For two
punches 6mm in diameter, which together represent approximately 2.8% of a 20
cm? membrane, a proportional amount of the conditioned medium is
approximately 2.8% of the total volume of the conditioned medium overlying the
20 cm? membrane. In both the full-scale and downscaled cases, blank membrane
matrix punches and medium were processed as controls.

[0090]  Three hours after cell seeding, half of the conditioned medium,
Which would contain half of the total amount of any proteases released by dead
(nonviable) cells, was transferred to empty wells.

[0091]  Next, a mastermix containing the bis-(Ala-Ala-Phe)-Rhodamine-
110 substrate (bis-alanyl-alanyl-phenylalanyl-rhodamine 110; Promega Cat. No.
(G0260) with saponin (10% w/v aqueous solution, Sigma, St. Louis, MO, Cat. No.
S4521) and phenol red (optional; 0.1% solution prepared by diluting 0.5% phenol
red, Sigma Cat. No. P0290, in Phosphate Buffered Saline {PBS)) was added to

the samples. Saponin was used to permeate the live cells in the portion
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0.9 2.61.13.5259%Vv0.71.1341.34.43.3 Exanple 4: Effect of
Phenol Red [0097]During the devel opnent of this assay, it was found

that the agehbiifwt phenol red to the assay m xture corgd@uabdsRBiéad €
the signal intensity in a dose-dependent nmanner, and extend the

| i near range of the assay to higher cell densities. Cells were seeded
at varying densities and processed as in ExanPI e 1l, with or wthout

phenol - r e@oaiRining eeli andeendiiafisdl mediuar tormakasthedplracalitiles prefeasesnn i n
Figure 4 abhesdisdis Wnisvaheralo fi8d cAnga by LaRbu Bn GRS Hing'

the assay, It nmerely serves to prevent nal "I eve
appr oachi mgpsdeytmix &t fypically suppressing the signal outputs in a

necded. Phenol *red. PE- QA BNSaRIGAHBEREH BRI ns ¢ es
| ower than 0.54X 10§35§,I,;hs|/_6:;ngrrerrbr ane natri Xx.
. Phenol red 0.167 mg/mL (optional)
[0092]  After incubation (45-80 min.), the plate was read using a
Molecular Devices SpectraMax M5 Microplate Reader with the SoftMax Pro
Software at excitation 485nm - emission 520nm. The data was then processed in
Microsoft EXCEL.
[0093] Results of representative experiments are shown in Figure 2.
Scatterplots of fluorescent reporter signal strength, (Read #1, live cells with
supernatant, Figure 2A; and Read #2, supernatant only, Figure 2B); as a function
of cell seed density are shown. Data points are the average of three replicates.
Incubation time with the bis-(Ala-Ala-Phe)}-Rhodamine-110 substrate was either
45, 60, or 90 minutes. The relationship between signal and cell density was linear
and varied little for all incubation times tested. A 60 minute incubation step was
used in subsequent measurements.

Example 2: Assay Accuracy and Precision

[0094]  The accuracy of the assay was evaluated by comparing the
measured viability of a culture with a known percentage of viable cells. The
culture was composed of a mixture of known quantities of live and dead cells, pre-
mixed and seeded at the indicated densities, then processed as in Example 1.
The measured viability was plotted as a function of the percent of viable cells in
the test mixture (Figure 3). The plotted data points are the average of two
replicates. Typically the difference between the measured viability and the actual
viability is less than 15%. For cell seeding densities lower than 0.175 x10°
cells/cm?, a longer incubation time (at least 90 min.) helps ensure assay accuracy.

[0095] To measure the inter-strain accuracy of the assay, 1:1
proportions of live and dead cells from 3 different strains were seeded at a density
of 7.0x10° cells/fcm?. Although significant intrinsic variability can exist in the
absolute signal levels from different cell strains (Table 1, first data column;
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Exanple 5: Timng of Phenol Red Addition [0098] The tim ng of
addi ti on of phenol red to the assay m xture was found to be flexible.
To denonstyfRedidsises cells froma single strain were sofiggd86kdk12
rel ease all intracellular proteases and seeded at a density of
1. 0x104 cells/well in a 96 well plate, in a volunme of 100 pl/well.
Substrates and phenol red were added in the anpunt and at the tine
accor di ng 40Vi&hie) Bie vEniebiligsinlnmeasured gihbility iasubstantialyriesge(Tsbimal
intensity of t Li. S treatnment in Table 4. These results
dennnstra?gc?ﬁg?%ﬁﬁ@ mﬁggﬁgiﬁgérying concentrations added at
varying time points during the assay is simlarly effective in
attenuating the signals. W 20091061905PCT/ US2008/ 082612 [ 0099] The
use of phenol red significantly expanded the dynam c range of the new
assay to ure viability when using either a high cell seeding
{3pRs

density ( tally over 1.4x106 cells/cnR), or in a variety of nedia
i ncl udi ng serlum contai ni ng or sel RBad£ESicHE | MRRUred ¥aBIRGL @I Ni ng
or phenol redafree _Tahle 3 Goud 1 2 3. 4.5 617
Strain #1 20724.01 58.27
Strain #2 10029.55 51.04
Strain #3 24899 .32 51.37
Average 18584.29 53.56
Standard Deviation(SD) 7710.85 4.08
%CV=(100xSD/Average} 41.49 7.62

Example 3: Contribution of Matrix, Reagent, and Analyst Variability to Assay

Precision

[0096] In order to assess the effect of different analysts and different
matrix or reagent lots on the precision of measured viability, cells from a single
parent culture were seeded at a density of 7.0x1 0% cells/cm? on membrane
punches and processed as described in Example 1. Three variables were
analyzed: matrix lot, assay lot, and analyst. Each variable was tested in two
groups — each treatment group having three statistical replicates. The results are
shown in Table 2.
These results suggest that the assay is relatively insensitive to changes in these
technical variables.
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Time = 0 min (Wen started), add additional phenol red for the 1st
round:

m n:

add

:2uiofy. 0 .." i.:phenol : ,,,,. "reer 0 ,F1 1 Time = 30
SwiasionBdss0s PCT/US2008/082612
Table 2

Membrane Matrix Assay Reagent Analyst
Lot #1 | Lot #2 | Lot #1 | Lot #2 | Analyst #1 | Analyst #2
Run #1 78.6 80.7 75.8 79.3 75.9 77.0
Run #2 78.3 82.5 80.5 78.6 82.8 78.6
Run #3 77.6 81.6 76.1 80.7 78.4 73.7
Average 78.2 81.6 77.5 79.5 79.0 76.4
Standard
Deviation 0.5 0.9 2.6 1.1 3.5 2.5
%CV 0.7 1.1 3.4 1.3 4.4 3.3

Example 4: Effect of Phenol Red
[0097]  During the development of this assay, it was found that the

addition of phenol red to the assay mixture could attenuate the signal intensity in a
dose-dependent manner, and extend the linear range of the assay to higher cell
densities. Cells were seeded at varying densities and processed as in Example 1,
with or without phenol red and the average viability of three replicates is shown in
Figure 4. The addition of phenol red does not affect the accuracy of the assay, it
merely serves to prevent the signal levels from approaching saturation by
suppressing the signal outputs in a dose-dependent manner. The amount of
phenol red can be adjusted as needed. Phenol red is not typically needed for
seeding densities lower than 0.5 x 10° cells/cm? membrane matrix.

Example 5: Timing of Phenol Red Addition
[0098] The timing of addition of phenol red to the assay mixture was

found to be flexible. To demonstrate this, cells from a single strain were sonicated
to release all intracellular proteases and seeded at a density of 1.0x10? cells/well
in a 96 well plate, in a volume of 100 plfwell. Substrates and phenol red were
added in the amount and at the time according to Table 3. The resulis are shown
as the average signal intensity of three replicates per treatment in Table 4. These
results demonstrate that phenol red of varying concentrations added at varying

time points during the assay is similarly effective in attenuating the signals.
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Time = 90 min: add red for the 2nd round: (60 mn after adding
substrate) additional phenol .21.11-61,;',...,., ,.... Ctitiew
, oo weadlooy@ids Al e PCT/US2008/082612

[0099]  The use of phenol red significantly expanded the dynamic range
of the new assay to measure viability when using either: a high cell seeding
density (typically over 1.4x10° celis/ern?), or in a variety of media including serum

containing or serum free, and phenol red containing or phenol red free.

Table 3
Group 1

Time = 0 min
{(When started),
add additional
phenol red for the
1st round:

Time = 30 min: add
substrate

Time = 90 min: add

additional phenol
red for the 2nd
round: (60 min after

adding substrate)

Time = 210 mim:
add additional
phenol red for the
3rd round: (180
min after adding

substrate)
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ret -ceaf: # anit. 00 1) iialrankgth Time = 210 mn: add
addi ti onal phenol red for the 3rd round: (180 mn after adding
subst r at e) wo 2009/d2dms0f . ' 16. 65% : phenol red per " .WI i regT/us206s28k612

Table 4.
1 2 3 4 5 8 7
(no
Group additional
phenol
Signals {RFU) at red)

Time = 60 min (60
min after round 1
additional phenol red
and 30 min after
addition of substrate) 336.51
Time = 90 min (Right
before round 2

310.23 | 326.48

additional phenol
red) 868.22
Time = 90 min (Right
after round 2

829.01 | 866.34

additional phenol
red) §71.22
Time = 210 min
(Right before round 3
additional phenol
red) 3921.60
Time = 210min
{Right after round 2
additional phenol
red) 3550.22 |

Time = 270 min 55613.00
Time = 12 hours 17777.36 |:98(

84160 | 886.71

4282.18

Example 6: Cells Grown on an Alternative Matrix

[00100] To demonstrate the effect of a different matrix material on the
method, cells were seeded on Gelfoam (Upjohn Pharmacia, Kalamazoo, Ml), a
highly porous gelatin sponge, at densities ranging from 7.1 x 10* to 2.3 x 10°
cells/cm®. Cells were processed as in Example 1. Results are shown in Figure 5
as the average viability of three replicates. The viability of the cells, as

determined by trypan blue exclusion just prior to seeding, was 91%. These data
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D I N,.,,,,,../4",,,et." : toLtirrtoo oL
-10,:v er:C21--.; . '.i--;t" 2. WD 2009/ 061905PCT/ US2008/ 082612
Tabl e 4. Em@rmbgam@gosCel I S Grown on an Alternative MatripCcT/us2008/082612
[ 00100] To denonstrate the effect of a different matrix material on
the method, cells were seeded on Cel f oam (Upj ohn Phar nmaci a,

Kal amazoo, M), a highly porous gelatin sponge, at densities ranging
from?7.1 mdlmetrwtzheaasaws apuinia Ia:mnadseﬁm@celerﬁeped@e%wlmofn
Exanpl e 1 &?Eég shown in Figure 5 as the average viability of
t hree rep |ca es. viability of the cells, as determ ned by trypan
bl ue excl &xaomplg s Cetls erwh@nszi}mungresv(/a%s%%ulﬂ]i’@?@sdﬁl a indicate
that the assay,/ e to ana cells seeded on a variety of
di ff erent mtr[dgggm r%onﬁtraéeew @U\‘ﬂﬁn‘?ﬁ? q%"%:é??%’r'@@"(‘?fessue
Cul ture Plragitibfaltissue cultuleQhARdhméat @eMBRsith dncart Rergiinie abi gmge)of
the assay in a nore traditional tissue culture environnment (i.

growt h on &Y Wk sRaded, d"rercay lrs%rakasﬂaﬁec)welb@aue GhipEe @@@derihmreetrrxy

in a plas ] 2n t
donai {1 oa7t ol Engld RGH2 21 10t K2 8PN ol T e BBl 1
were pr ocQBQS?@aS%sg ag in Examplee1 1Thg resutte sid sB0wn én Bigovan6 ias e gueragé as
the avera WO--L. epl L cat Th vralllt cells
as determ ne ryp e 0 r

IREHES Vo) SafeasttioThs BebRl e Binass ity yba gl
96% Thes exml&sruhl]&t(rbﬂnbnﬁsefeﬁﬁ@ Waatoa%e Thssayequtsidenihswatd that the
cells grown on a tradit onaI ell culture subs ate in addition to
cel I's gr ofSHMPELfRrES Well Wp cali growdon alradfiioaabeelhgiurg srhstiets. In

[00102] Tadanﬁanr@&ér%t@om%rﬁéLsﬁéty\beﬁ%‘%ﬁcé&t the assay on non-human
cells, rabbit chondrocyt es, fromitw donors, were seeded on

ACl - VAl X( EXamPrehe dhen-RHme inches (6mmin diameter) at densities

rangi ng from Okt 0Th dhrforkus e SHteiondHior 46 besalRndlt 6RRRCC

as in Exanple results are shown in as ‘the average
vi abi | i t ycelfs, rakbit epindeetyéss, frohretwa d@ldrslwer@‘swdredramsAGI BAX®, as

det di 8 0%
R N P E e e e ok
performs vel X 10f tdilstmhi. sThe ostisavererprbcemedseun (Eararrﬁlf@mpl'megesults are

Al ternati v SubstLr ermns rp]e effectiveness

of the mef ‘ﬁ”ﬂl%h%"%GﬁéttP%F‘ééraQFPr’é"lb"tt)‘ré?ﬂt‘"(%eep icdles. 'The viabilfy ot Siains

bi s- (Al a- AlaadPhek-ddeddRtd By idPan émreaéﬁcﬁrsrtﬂrojuggpﬁdméfsééanﬁ were 88.0%
(Al aAl a- Phe) - ANC (Bachem Cat . 1-1415. 005 orrance

tested usPRYB%eaespealiveY. ofhasarasultsdpiprsiiate that dog ﬁ@aartpezr@rﬁ@etweéb

in the raggs efis BofPa Hoi! 106 cells/cn2. The cells were
processed as |n!5 0arr% 8 %nia‘)?rcélé%{f’ t'he bi s(Al a- Al aPhe) - Rhodani ne- 110

was repl aExamble 9.\ ierpptiverBelsialé and t he sanpl e pl ate was read at
excitation 360 S |I|t|esf tarn
and C, determ Em (] %E%yd&ﬁorﬁ%f%% %&Y {5%? i }h? H’ 5"‘?159 @a?t&dtes
98. 6% 980bfEr tkmnﬂth@%r@%la:ﬁaam4mmdnmﬁém1oe@ubh@naf@h@imm ,Ala-
Figure 8 e via e ca The resu|t |
denonst r P DRV, ket it o qﬁﬁévﬂﬁﬁé 'l?frr ToavBA 4SS st vaigg
ef fecti vettrbe attasBF hundPrchondrocyte seeding at densities in the range of 8.75 x 10*
to 1.4 x 10° cells/cm®. The cells were processed as in Example 1, except the bis-
(Ala-AlaPhe)-Rhodamine-110 was replaced by (Ala-Ala-Phe)-AMC and the

sample plate was read at excitation 360nm - emission 440nm. The viabilities for

stain A, B, and C, determined by trypan blue exclusion prior to seeding, were
98.6%, 98.6%, and 99.2%, respectively. The results are shown in Figure 8 as the
average viability of two replicates. The result demonstrated that the aiternative
(Ala-Ala-Phe)-AMC substrate was effective (Figure 8).
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* ok [ 00104] For all patent, application, or other reference
cited herein, it should be understood that it is incorporated by
reference W 00506@¥6i rety for all purposes as well as fRET/U$P808/082612
proposition that is recited. Were any conflict exits between a
docunent incorporated by reference and the present application, this
application wll dom nate. [00105] O her enbodi nents of the
invention wll be apparent to those skilled in the art from

consi derati on pjomh}a fﬂbfi‘%llfp'até%{tléﬁbh@éﬁbrpba@iﬁéﬁfﬁe@fer{ob%lﬂeﬂ\h%?élhOTE‘
di scl osed hereln is intended that the specification and exanples

be consi déhgdd &9%@99@%&3@@ Inagrrafated; by refaeppe indtreriplifer af t he
i nvent i on hbRIJGs B OPLER AALNMED
| S 1. pAféﬂrre ﬁog of maaéﬁér/el: %‘g’%{’ %{te%'? %A&[IQ {)ér?litg? ”\?}Ihaebr?é\%g ({Oﬁﬂ' In %ZE
cel | popubgatwesn adbetmeniddcemorate@ by refatanceandettie pnessmippplitatign, this)
det ecti ng e enzynme activity in a portion of a cell
culture coﬁaﬁgtlgﬂgﬁﬁﬁgm%gnot containing cells of the cell

popul ation; (bjodé6Ectdthgr embedimettnibithetiangionmly be apphient to/thioBet he
cells and one medi um of partion qf the cell culture medi um
cont ai ni nﬁ@%‘?l‘r& h&argﬁ%mé‘é%”ls'dﬁ&}lﬂ"aﬂ? itosm SPegiication agmiariseLithR | evel
of cell dapihtish akkRseazmEN aﬁtlé HidndddthbhPeClelficansh éﬁ@gkémﬂlﬁg%e
medi um porti on of the cell culture nmediumcontaining cells to

| evel of &ensi @@gt&r&@wléwem;mﬂh@tmeuspgpe ﬁndﬁéqub@fthednvejﬂ:omt@nge||
cul ture C‘H‘[bﬁ’é é‘?oqy ontaining cells, wherein the cell
deat h- st ab E‘I;teer%&z);z/3 act !Dwﬁtggalég%neasur ed by the steps conprising: (i)
contacting a sanple with a substrate of the cell death-stable enzyne
activity wherein the substrate is conjugated to a detectable |eaving
group; and (ii) detecting the |eaving group, wherein the anount of

| eaving group detected is proportional to the |evel of cell

deat h-st abl e enzynme activity, wherein the nmethod additionally

conpri ses addi ng an agent which attenuates the signal of the
detectabl e | eaving group, and wherein the fraction of viable cells in
the cell popul a-
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tion is directly proportional to the difference between the | evel of
cell death-stable enzynme activity in the por- tion of the cell
cul ture nedium containing cells and conditioned nedi um and the | evel
of cell death-stable enzyne activity in the portion of the cell
cul ture condi- tioned nedium not containing cells, wherein the agent
whi ch attenuates the signal of the |eaving group is phenol red.
2. The rrewg-rﬁ Cﬂﬁ# 11rEDlI%.V\/nerei n a tissue-engi neered product is
mai nt ai ne “ture medium and: step (a) conprises
detecting a cell death-stable enzyne activity in a portion of a cell
culture condjtjone i um not containing cel of. t.he
ti ssue- engigife’ll‘ d Pged%d’clea.sé'fﬁ t@m&fg@ {’%e‘iei]étlf.lr?g a cell
deat h-stab;?%é% Oléé’fqlmaﬂ‘ﬁ/e 3 $ell IS Ui Pidned nedi um of a
portion of e cell culture nedium containing.cells of the
ti ssue- engi néedgte gell dﬁgﬂzl‘%tt@ﬁ LY MO @BRFari ng the | evel
of cell deat h-29mpl acedheylfpre sendifiangdimeqing RRYCONEHOBIE t he cel |
cul ture nedi urﬁeé]@rﬁf_éhﬁpﬁ popriadionad” condi ti oned nedi um of the
ti ssue- engi ndedetechngarell degth-plablespaymsractimity igdhe grllt abl e enzyme
activity in tHadesndibenes medamagf|a partipnof thesell enbaed nedi um not
cont ai ni ng celmsdizm epatainingselle pfithreeelbnoprlotion: andherein t he
ti ssue- engi ngeredpprisgile leyshpirqetldeath-slabteenyiymerdtontl scaffol d or
matri x and celingharcellppadepnditipnedenediant podicsy ofierdell and wherein
the fraction ofulwiraphediven |conigininge cells Jaethenkgvekef elbr oduct i s
di rectly propclatlostable enrymedictivayancselmsntiearcfithe dedlvel of cel |
deat h- st abl e endipre canditigined medinhrenpiorantaiming celbse cel | cul ture
medi um cont awheregn tlad ¢all deathesbatle tenoyend actitity s ofcashred
ti ssue- engi nedrethemtepuotmpnsinghe | evel of cell death-stable enzyne
activity in fiheopactingna sainplhevitle hlsubsiratgraf thoreiltdeatiaed nedi um not
cont ai ni ng celdtablefertzhend astéwiey eigreiaahe dupstoatecss.conju-
gated to a detectable leaving group; and
(ii) detecting the leaving group,

wherein the amount of leaving group detected is proportional
to the level of cell death-stable enzyme activity,
wherein the method additionally comprises adding an agent
which attenuates the signal of the detectable leaving group,
and wherein the fraction of viable cells in the cell popula-
tion is directly proportional to the difference between
the level of cell death-stable enzyme activity in the por-
tion of the cell culture medium containing cells and
conditioned medium and the level of cell death-stable
enzyme activity in the portion of the cell culture condi-
tioned medium not containing cells,
wherein the agent which attenuates the signal of the leaving
group is phenol red.
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3. The method of claim1l1l, wherein the phenol red is present at a

concentration of up to 500 ny/L. 4. The method of claim 1, wherein
the cell death-stable enzyne activity is proteol ytic. 5. The

nmet hod of claim4, wherein the cell death-stable enzyne activity
conprises one or nore tripeptidyl peptidases. 6. The net hod of

claim1, wherein the cell death-stable enzyme activity is both a
necrotical |y andhpragfidEe chehl 1dedebeint AlsgueBiyimBeRdt i Vity. 7.
The met hod o il Ridthehindfie %aqj @1&@&18&1@@5@ RpsLAR! e enzyme activity

of b M1 ity Sl Lsmorpely (oca

2 2, brogn afied ol e
necrotical |y st ABIVatydRApREtiaR of 4 5llculture gondifiongd mediundt “ ¢l ai m 1,
further conpri siefcatitainug ¢€ﬁ@ afithe tissta-angineptedgnpdyctof t he ti ssue
engi neer ed prstdpab) kpnsirisesi degectigna celli denthistablé@naymier i c pressure,

hi gh tenper at ur gtiigVintEOBEAHnd @ndefsHEdGakdiam @ﬂ?—}i(ﬁﬁ@ibhc lysis, or
menbrane deco”%fﬂﬁ@c?ﬂ%ﬂitﬁmmedﬁﬁw&ﬁ%nﬂﬁ%g% SfEIRLBS, wherein the

menbr ane |ntegr| sue englneer product I's disrupted by
the addition of 11% ?]ilp A ‘f‘% %ﬁ]?@ @% %al m 10, wherein
t he anphi phi | & s cCompayin ﬁ’gge cd 1a9rt £ wherein the
cells are namraq?n?é/ﬁleaCthl@mﬂmpwﬁlpﬁ@(fﬂ@ﬁcﬂi ailtre medifidr ei n the cell's
are human. 1ebntdiméngreelboand tomditibned ednnarddithe tissueel | s are
chondrocytes. engibeerdticprvaibpdo Ghe Clegéhof LelWdesnthi-stablee cells are
grown on a matrigum eaétﬁflg;rﬁleth S’nei’ﬂfé A dituretogHLI N the cells
are present at @ ﬁierd}'LE H]tul‘? tﬁ@dusgfié%ﬁ f:el | s/ cnR.

17. The nethod Of-¢ ereln s are pres &ht at a hi gh

density of at |Jéf‘a6§? i 5 gel | ng
wherein the tissue-engineere pro uct comprises a three-

dimensional scaffold or matrix and cells are present in the
scaffold or matrix,

and wherein the fraction of viable cells in the tissue-engi-
neered product is directly proportional to the difference
between the level of cell death-stable enzyme activity in the
portion of the cell culture medium containing cells and con-
ditioned medium of the tissue-engineered product and the
level of cell death-stable enzyme activity in the portion ofthe
cell culture conditioned medium not containing cells of the
tissue-engineered product.

D

3. The method of claim 1, wherein the phenol red is present
at a concentration of up to 500 mg/L.

4. The method of claim 1, wherein the cell death-stable
enzyme activity is proteolytic.

5. The method of claim 4, wherein the cell death-stable
enzyme activity comprises one or more tripeptidyl pepti-
dases.

6. The method of claim 1, wherein the cell death-stable
enzyme activity is both a necrotically and programmed cell
death-stable enzyme activity.

7. The method of claim 1, wherein the cell death-stable
enzyme activity is a programmed cell death-stable enzyme
activity.
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18. The method of claim 17, wherein the cells are present at between

2x105 and 6x106 cel | s/ cn®. 19. The method of claim1, wherein the
| eaving group i s chronbgeni c, huninogenic, or fluorescent. 20. The
nmet hod of claim 19, wherein the |leaving group is fluorescent. 21

The met hod of claim 20, wherein the | eaving group i s Rhodam ne-110.
22. The nethod of claim?21 wherein the substrate is

?LZ ( |A|e:;/iA| a8 PR vRa@dardMeladh0l, whéfin the c@ﬂtcﬁéﬁﬂh%fﬁ?}é ali {nh28, }/\/ﬂelr ein

1 ..The nethod of claim
23, wher e%%%‘gﬂpté{’@y% ﬁ‘ﬁ%gﬁﬁid&éﬂw éteh%gm?}%%&l%t t%f)d of claim 24,
wnerei n the’ sl etk e copprdsit diping e
membrane integrity of the tissue engineered product by shear-
ing, sonication, low barometric pressure, high temperature,
low temperature, chemical or enzymatic lysis, or membrane
decoupling agents.

10. The method of claim 9, wherein the membrane integrity
ofthe tissue engineered product is disrupted by the addition of
an amphiphile.

11. The method of claim 10, wherein the amphiphile is
saponin.

12. The method of claim 1, wherein the cells are mamma-
lian.

13. The method of claim 12, wherein the cells are human.

14. The method of claim 13, wherein the cells are chon-
drocytes.

15. The method of claim 12, wherein the cells are grown on
a matrix.

16. The method of claim 12, wherein the cells are present at
a density of between 1.5x10% and 6x10° cells/cm?.

17. The method of claim 1, wherein the cells are present at
a high density of at least 2.0x10° cells/cm”.

18. The method of claim 17, wherein the cells are present at
between 2x10° and 6x10° cells/cm?,

19. The method of claim 1, wherein the leaving group is
chromogenic, luminogenic, or fluorescent.

20. The method of claim 19, wherein the leaving group is
fluorescent.

21. The method of claim 20, wherein the leaving group is
Rhodamine-110.

22. The method of claim 21 wherein the substrate is bis-
(Ala-Ala-Phe)-Rhodamine-110.

23. The method of claim 20, wherein the leaving group is a
coumarin derivative.

24. The method of claim 23, wherein the leaving group 1s
AMC.

25. The method of claim 24, wherein the substrate is Ala-
Ala-Phe-AMC.
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