METHODS OF MEASURI NG CELL VI ABILITY W THOUT USI NG

CONTROL CELLS [0001] This application clains the
whemestoodf priority to U S. Patent Applicati oPCINDS2008/082612

60/ 986, 751 , filed Novenber 9, 2007, the entire

contents of which are incorporated herein by

reference. [0002] This invention relates to the field

of cell biology as well as cell culture and tissue
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[0003] The field of tissue engineering (reviewed in
Langer and Vacanti, Science, 260:920-926 (1993))
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invagivdsamgery Al ternatively, cell viability may be

335[888310' b)fhe use of matrices in tissue engineered products presents
significant challenges to investigators trying to measure the viability of the
engineered products’ constituent cells. Existing methods of measuring cell
viability rely on at least one of two features of viable cells: the presence of an
intact plasma membrane and/or their metabolic activity. In vitro, cell death is
accompanied by the loss of plasma membrane integrity. This phenomenon can
be readily observed under a microscope using vital dyes. In the most common
vital dye assay, the dye trypan blue is added to a suspension of cells. The dye is
excluded from viable cells with an intact membrane but stains dead or dying cells
with a disrupted membrane. Alternatively, cell viability may be assessed by
measuring one or more markers of the cell’'s metabolic activity. One such
approach is to quantify key metabolites (e.g., ATP, NADH), which are present in
viable cells but depleted or absent from dead cells. A complementary approach is
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nmeasuring one or nore markers of the cell's netabolic
activity. One such approach is to quantify key
woredoaloeldi es (e.g., ATP, NADH), which are prespeCit/Us1008/082612
vi abl e cells but depleted or absent fromdead cells. A
conpl enent ary approach isto assay for specific enzyne
activities rel eased from nenbrane-conprom sed cells.
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viability, i'n order to nmeasure the viability of the

viahiblytassayppl shaee adiedamental disadwaatagsoie., theerasglirement for a

posE ot Mg ek bR BT sl b e

meadee the Vinbility of tHeeteSasBmpRS. aPo InhakePa 9kiid @omparison, the cells
approach i s not plicable to tissue engineerin

usefrigdir centiplend teggpgr_,npwela@@ iobethe samsitwpripf cells from the
sang%ppﬁg&{ ﬁ%ﬁihe PR Efso%é&ﬁeé ﬂﬁg\%ﬂa“nﬁ@h’?&éb&?& G0fld. Crhis

an the sane cells gr I n suspensi on or on
appao@chdismetsippliedble o tiaswe eAditieering ardgucts whese abligrseeded in

S-S SO ERR TS G T A LSO 9 e P AR GBS Pregle than the
sanig% Ié"él‘ilé %@gﬁ;ﬁrﬁjs%ehgfoﬁeormQr—diﬁfedsﬂr%l LRSS AUBHiIRBIN it is
often impractical to obtain extra cells and prepare appropriate controls in industrial
manufacturing practice where a large number of lots are assayed on a daily basis
for viability and quality control.

[0006]  The viability of the cells being transplanted remains a major
determinant in successful treatment with tissue engineered products. In light of
the shortcomings of existing viability assays, there is a need for easy, rapid, and
accurate methods to measure the viability of cells in tissue engineered products.

Such methods must operate over a wide range of cell densities, and with many
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for viability and quality control. [0006] The
viability of the cells being transplanted renmains a
worajooneides er mi nant i n successful treatnment w tPCT/USH0$082612
engi neered products. In light of the shortcom ngs of
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enzyne In t he non-cel | - cont ai ni ng one medi um
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corlne A Tu i B0 B oSt A b o ks o Ao i condiioned
me@aﬁh)u rl)he éfrh@uan@mgn déatﬁ@téblé?ﬁbiéﬁbﬁ@h@yrﬁé ™ BhHK tRE cells of

enzyme in only the cells of I'l -containing

the %H@ﬂtajwaa Qﬁa@ditwéame%nu@m bﬁn deé@mwyed |byrd;$nuph@g the
el RS ReA SAhto o TR R8s Eh5h Rl 3y s

measuring the tnmlbhEymeléctNleir&tHs el ctmtbin‘irrg portien,(i.e., disrupted
di srupted. cells and assocj ated conditi oned, nedi urr) and

cells pod asserialrd Fadiipged msaieM) and then subtracting any enzyme

activity contributed by the associated conditioned medium. The value that is
subtracted is measured by assaying cell-free conditioned medium.

[0009]  One aspect of the invention provides methods for measuring the
fraction of viable cells in a cell population maintained in a culture medium by
detecting a cell death-stable protein or enzyme activity in a portion of the
conditioned medium not containing cells (e.g. conditioned medium), detecting a
cell death-stable protein or enzyme activity in a portion of the medium containing
cells (e.g. cells and conditioned medium), and comparing the level of cell death-
stable protein or enzyme activity in the two portions. By this method, the fraction

of viable cells in the population is proportional to the difference between the level
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activity contributed by the associ ated conditi oned

medi um The value that is subtracted is neasured by
wW@es®ayorgs cel | -free condi ti oned nedi um [ 0009] PCIES2008/082612

aspect of the invention provides nmethods for neasuring

the fraction of viable cells in a cell population

intagined in a culture nedium by detecting a cell
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cell s assayed may be grown on a traditional
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tissue engl neered product. In certain enbodi nents,

Sa”b‘é?IPQ”éf?ré dheig Cé'rﬁera&%i'ecwamna&ﬂ@erq%@I%Sat:@ndatloned
medifl E@F E@hﬁwﬁﬂ?@%&rﬂﬁ%rﬁed R Id?ﬁtolﬂﬁﬁ?ra%fnoﬁ I?:\‘?xd

I nv ntlon urther a step o provi‘ding a sanp
promﬁsadcacowfdmgéo tiee metbpds at thenneerdicw. pr opor ti onal
cul ture, condi

ol Tl G s edi Rt iR Rtk Branedateori o tne ce‘hs of

the e8hlpi& BBFHRINs Misrlpte’t by, @4 |, ShBhtisg, wludat@ne%mgﬂmtnc
and non-cel | -contai ning (conditioned medi um only)

pressuiet high tampeprivee Jewdeapesatare chemicalormanzyoudicdysis her

merilnB egﬂ?@ou Img]agenk ﬁ%#rﬁ%%ﬁ@&ﬁ%\e sp (ﬁ? pie?p%ﬁ)rg\%g’%%gnty

maylberdigruptbdolyy the @ddltl@rl‘ﬂeaéh REnplsiphint eadledule. I9dertain
baronetri c pressure, gh tenperature, |ow

embdipenis. dbe a"@ﬂféﬂ*i"&'ﬁ S&p‘)@lﬁ‘zyrmtl c lysis, or nenbrane
20003 9r 888! Sepd s SPU FIBRRLTERS o KRR Mcurin
the &naptioplof VlablmbUmaulmondmcryms prasent in the matrix of a tissue-
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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enbodi nents, the anphiphile is saponin. [001 3]

Furt her aspects of the invention provide nethods for
wore@sieiongy t he fraction of viable human chondrPCHUSR08/082612

present in the matrix of a tissueengi neered product

having a cell density of between 1.5x1 04 and 6x1 06

% I s/cm.2 jntained in a culture nedium The steps
cony %ennsoté)rla?'aﬁ/ Wiﬂf?gi By B otd)praeuntf the dygeeserpt sigarldn both
porfigduct which contains cells and a proportional anount

of the culture conditioned nedium providing a portion
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uct i s proportional to the difference in

Vlatflq:‘.‘ @@H%gb@@ttegt RerUIatien by dhe Mrthogse af thednvention, and comparing

the s g BRI BRSE BotRblion R VRIS AR E PR

populatioot (cqrird ipopslatibfleflthé kuitneidheslisas pect , t he
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undePaIvEed) 8OEGRlitior. R Qg qdiHERE, itte ceI‘Ps.r @%Waﬁlmahan
to various conditions, e.g., of osnD
(e.a empoant pmreateolovlmr (bmalnei Po[riRS,SeLENe, o‘ehrmdaaiamne or rodent)
electric.or hani.cal treat nment C i nations of
cerESP oS e B oLE BUB ArailLERRDT CElp Cgruad den ahy FRAce tissue
maﬁbéh@,@dﬁmlﬁé hfetRedd ¥f the ihbentigst In%éiﬁé@lﬁf‘bn%dﬁrﬁéntts%é cells
popul ati on, nmeasuring the fraction of viable cells in
areph@ndmeﬁopm ation by the methods of the invention,

SO 2 T8 Aol AT Fy KA bl at e

ran@é of)dénsxtle:fzo Dué@he@mbodifndriﬁ@trwtéw&@ m@béﬁt at[rﬂ@é@lty of

of g |nvent2|on may be used with a
betwa?ﬂ été)‘@f 3@§| %" Ousgls/can’y dp |0élw embedimants.dhe cells may be
pre 1Sy dpal tb%twé@ﬁz 108 B2 B®1 M@/drﬁ“ b%%NQen 3.5x10°

uman pr| ovine, “bovi ne,” porcl ne;
andfa’éBxh@,, ochet\mn 6x1®4omzd1ﬂ)<1 0%celis/cm?. In certam embodlments the

cells may be present at a high density of at least 2.0x10°, 5.0x10°, 1.0x10°,
2.0x10° 2.8x10°, 3x10°, 4x10°, 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 method,
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. In certain embodiments, the
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certain enbodi ments, the cells are human. Cells

derived fromany source tissue nmay be used in the
woreioboeodf the invention. In particul ar enbodPCEOSR08/082612

the cells are chondrocytes. [0016] The nethods of the

i nvention may be used wth cells at a w de range of

densities. _In sone enbodinents the cells are present
leavipg grejhisi RWﬁmm@rmen mothern emboalﬁaeeasltlt%le@@mgsor@np is a

coufharhi U g oo R0 BBt - Co Mg RN AR o 5.
be{0@t8] 3. A)@b@ﬂamﬁ)r%.n&wﬂzyﬁﬁe activityetanetss ahy indldcaled
Is/cm2. |In clﬁrtaln enbodi nents, the cells

1x1
progaspaBle By HSAFAUTe o I PEREBEEP O TENtarine SLEEISIE)S B Bpeptide.

In sén@‘émgédlﬁeﬁélthggub%trg@lsocﬁs éﬂlasliﬂa-ﬁﬁ? —ﬁ)ﬁ@)dggmé—)ﬁo. In
5x1 06, 6x1 06, 8x1 06, 1 OGce s/cm 2, or

Oth@‘témboﬁlﬁgﬂéss therssiostrate is[Aatp-Rhe-Abie. enbodi ments of

he.j h it
o Tl Byme are et e MtBods BT b TRyBiionmay further
mcléi@@ﬁ’(é sfep Ffaddit®y Qﬁ|a|geﬁ€ﬂ/httfﬁhéﬁhI%t@(é/geerﬂféddé'shb{creases or

where the substrate is conjugated to a detectab

attepuatasiegieasss) thasignadaf aé@%amgla gEPurheln sme ﬁ?@dynpnts the
ool et e $RerEPHOGaRl 5: RE 20200, R0 51 4P more

tharenzgn®, HC10,\80; yr poeSeRL Inrteita émmaﬁn@met thénagérﬂ which
various enbodi nents, the |eaving group

mody{atesdhesignal pam%@@émgd;roeap @?@&Ye@téﬁﬂt@tmgﬁhe signal of the
g
e S o SO gl e R e e il o
the isavmgagwupnsphehm rddn lotduene enmbadiimentss the pleethcﬁaed mughjayll be
d 4- et
preghitl A SPRRBAIOR 66 1810 Als ae T s %tk 08 T sd Mo/ or

moraCtivity can be any nol ecul e processabl e by the
enzynme. In certain enbodiments, the substrate is a
tril li deln variausrembadiongnieof e inventiomdhe ael desth-stable

enzfint 2tk CeBomE 86 ribe revalie ok et aroxpptsryptase.

transferaseEhyeitblRdeNyats, kindse, pHdipaatpl, idoendra¥endr IRfaseRYn some
further include the step of addi ng an agent whi ¢

embreimeatede @lideathisipkie snzitecadiviy say be proteolytlc e.g., one or
mo B3 RS0 S SO e SRR BB, gpon oo
calpan.at | east 5, 10, 15, 20, 40, 60, or 80% or nor e

[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
or enzyme activity.

[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
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than 1, 2, 3, 5, 10, 50, or 100-fold. In certain
enbodi nents, the agent which nodul ates the signal of
W b@9ervs ng group, acts by attenuating the siPOEUSINS082612
the | eaving group. In particular enbodi nents, the
agent that attenuates the signal of the |eaving group
i s _phenol red. In sone enbodi nents, the phenol red may

e'thﬁéﬂtﬁ ealbeentaining epReRcel-coNtRINipe RAstiens, £ bofin, Detectivg a
conpiASspiacpFRnIP ISt R EBky Rl

enz[90®3]act The taccdeipaayied drawiras, which areimbcborateahn and
bol i c oxi dor educt se t ransf er ase, drol ase,

cons iR 8 rit ol Sesdimbions DusSirals vesal erapodimatiect e
inverAIoh SRR AL R iR phihYi
i e i R PR RaiR he Blihtiples
of tiee pivietiticrs, chym)tryp3| n, or chynotrypsin-like

enzymes, such as calpain. [0021] In sone enbodinents,

the cell death-stable protein or enzyne activity is a

protein or enzyBHePDek¥tibtiohhd theSDedwdirlgs f ol | owi ng
ei ther necrotic, programed cell death, or both (and

pr 40824l yFEQlH'@I blea)M:hﬁmﬂ@c depigtion Déamedifwaith assay.

(R S A i

denmr&ltl%lt@s {at &g ¢ﬁ2yrﬁétacﬁv1tw ﬁrds@nﬁtn ihe cﬂillbeind supernatant of a
enbodiments, the cell death-stable protein or enzyme

San%fﬂ?l'ﬁ/|"i“§/ar'ysreé?t§?é@?%@s'w&ﬂthﬁﬁﬂllﬂ@y%l@ protein or
t .
enz[ﬁ agf Fi t@él zné{/gegg% r1d @%%qlgﬁ %%%@%jd quaﬁf‘n ?;( on?rr’to\th'Ch
denaxm&!l_;ates that mlméleanymdlamm)spret%at neﬁieosime:cnh%tbht‘of a sample is
o th de th t etecting a
lmeleﬂ %\ﬁ*‘%ﬁgﬁqﬁéﬁ{?uirsfwg P‘S.%lﬂ'?\??f?yefngu ther the gel I
conbeRyy NIFRjurdisee htaghHidl @éﬁ‘r‘e@gm%@lbh'd?% ewermsm -which

Detecti'ng a contam nant - Sp ecific enzyne acti1 vi ty
demm@éw t die disctased as@ayamumtelarpreg@tm@]abmne

nyi n h are inco ratedlnad.
BRI Pl 3P SranMite] SoliefeniBpRY o Pl gl Wnicn
dens@mraaés e diek BEaition & phBAo! RS ORo bt qgLhburavy bithe
. the description, further serve to explain the

dis %‘ﬁ%??ﬁ%’s of the invention. Brief Description of the
Dr 390595 Figure 5 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.



[0024] Figure 1 is a schematic depiction of a cell
viability assay. [0025] Figure 2A is a graphi cal

w0 e@peens ati on of an experinent which denonstPELr/ES2008/082612
that the enzyne activity present in the cells and
supernatant of a sanple is linearly related to the
density of the cell population. [0026] Figure 2B is a
graphi cal represent ati orRefin#ionscper i nent whi ch

d t tJ ) t M ' t ol
SRR 2 e s P R rnce
unI@Bffhie.tc;onlbeéxttdl&rtyediibtai:ieq;)utl”fflfn'wi!;@~ [ 0027] Fit g\l/J\;}'e ﬁ is a
entation of an experiment whic .
0 B LGPLESRLAL SRl BAPEC e MLCR 0o,
PEEQDQSF Viglyrddd reah QARSI & .'h§%1?ar@raﬁ85,' GRE refers to

resentation of an experinent Wwhi enonstrates
the mhatros¢epiaddifaceared obaenbstratedi.dodivse Aaxisapfogedtionhaf the

ccur?c o{%t Ee di scl qs d assay. [0029] Figure 5is a
surgeg e the Mo AReniiGhAIRRRE. an exper i ment whi ch
deroossy at g3ehdift abNReAABIERC Indtins! 18 afe g IR AR ESTFBome
? 030

is unaffected by use of an alternative mafrix. [0030] _
substaneeee®.i @ call gr aptarchjectepecwriharea envaliiman Most frequently in

iR el BETRFI BB P i BoBEREIRE K 0 e
perfmitroPeurfaCl Atda FTaIY Svefabe qRaBfifAbiapproXitRI&REBY HALdiAg the
an experinment which denonstrates that the accuracy

;
nur&?ert Heoellp serded dyd88 apacrosenpis sutaes apsa phibeuysfage on which
the{{‘gﬂé gsen | ¢hls! e t%ggclntgh%rlrgg% %\(R}]tftcvﬁo-gfn'ﬁlgﬁéi?tqél surfaces, as

epr ation of an exper| enonstrates
welt dsithrebalidiessionabstractars odatticee. substrates with

bR gt ARBRB e medun -amUSCAALAG HEPIGAYen R il
conFRAISHANATA B8 GOV EURRLNCELELMER cyure T
may sbude traditiosal lin0dd celboglt)re rBedilacendeay additiansetactors that
saié] %eecji&]m rﬁayg contaih 2TRede ?a%‘tor%nr%ay Enecfh%es, fE)ro 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 unless clearly indicated otherwise.
Accordingly, in a tissue engineered product, the matrix is typically part of the cell-
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
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the macroscopic surface area of a substrate, i.e., the

Z axis projection of the surface onto the two
waleoweneioohal pl ane. [0036] "Density" as used hRCEUS2008/082612

means an average nunber of sonme substance, e.g., a

cell or other object, per unit area or volune. Mst

frequently in this application, density will be in the
bee@dﬁt@@tavéwﬁw aeell paeu tipp SOtaﬁetOrﬁmls@t c@f deathtsablerprotein or

t
e“ﬁﬁﬁ oXl ngg;ﬁécgrﬁ‘%‘éllﬁmﬂdco@rﬁﬂﬁé@d er o |hﬁ%énjtyseeded by
t hd06#4@} osAspisedsn rtlmawpacaata?mf deﬂeetemlué fevingpgrouip” eéfers to a

t hey are . Thi inition co | at es, bot h
Profi ol ArcrrEnBlc TRt B2t Taay BBIUEe SompBisy dhargFRareRa or an
enﬁHﬂﬁtreé @pr lattices. [0037] The term "nediunt as

used in this application, refers to all conponents

V\/m 6ﬁ43;]upp8|yt ptdieomedittis meantilien seinefiralieproteing kekpreassed in a

Q% This may include traditional liquid cell
growal S-medi um and any additional factors that said

”EC[OGHIZ]'THV ‘RECSBbMantRTEIn{ Rt nﬁﬁynét%| BigBgicaPmolecules,

exanpl e, serum antibiotics, growh factors,
e.gphae @cldg; their t@j@@flﬁtlomﬂlfoﬂ’élia@Slq@Hnahldl‘Odactﬁr or calisi
con&%ﬁng é%glr é‘ﬁ% rgvghal | not generally refer to any

rt upon, or within, which the cells are

nai[00a8ned BYrirgfieuie adtiigs of @h%’ﬁzlylme e m@taﬂ@luts Vmay; i.€., the
ot herW| se. Accordingly, in a tissue engl neer ed

ratemplRfieetCt piedugiien Whenonly fiecanyme s@bildy tq peocess substrate is
iS5, R8Ekh POADBAL o IR e Sk AEihg!
i ndDO4di¢)s a“M'emluraIn@mtactb asafsethie thmed;ppmcatandmeahsang ability to

exchiile i ML o BTk kg -atireiory PRESHARS i « her

i sqbeasd cell §cé]fng”@t:fdrxrt @ﬁ%h?é%n@&ilé cohé‘tagt determined

assom ationwith nmedium [0039] By "conditione
for amrhmiar i assay qemaittornedi um whi ch has been cont act ed
| s. |l ow for , S|t|on of the ned
to 30760 o itV REdle  Han S R0 PaePisbiSuretaind =
quawnty@s & fOREtI0OH 4 RsferdHdelahid: Se gOexprEstHfone vilue 8
or nore cell death-stable prote| ns or enzynme
fraciigpiafianioder- unl ess ot her wi se i ndi cated, conditi oned
ene ct
o ﬁpégﬂgel lA@édlé{ Wﬁégguﬁggﬂ{ S &Gm{gﬂggﬁngsl {2 SQ05P
numl@éxtdtvaMfesqmmenaantutgr i.ennph®e ralativey measurem cel | s
W th conprom sed nenbrane integrity.

Exemplary Embodiments

[0048] The invention provides methods to 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
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[0040] As used in this application, "detectable
| eaving group” refers to a product of an enzymatic
WO e@e61905 t hat may be used to nonitor the progPE€EESINS/082612
an enzymatic reaction. [0041] By "proteonme” it is
meant the set of all proteins expressed in a group of

! 0042 " herein refers to
Conﬁzf?ﬂ{"\séaﬁ“%@é%&f&% %%F ' naﬂe?éalp lgenzyme actyify i agotion §f the
coth@nbdtrﬁé’dﬁﬁﬁf hét éd?ﬁé‘lhl C%FSQBsthéta'n‘Pc?lg{(E fg !‘E%H&ﬁ deatlstable

' s contal ning any of the above

protalmor enzyroe amalpurhgﬁ obtheaconstitymesl nnedlusm n:eatannmg gells. In
ate of Broduct roduc on when only

genlen%)(g}gzmﬁ‘ty%a[ a‘ﬁltf‘?fnvet'\t)'o (COOUNISESERS B é is |initing;

reqe) a%@nﬁm@% ShRIEY RIS DRiIONS °a @BIcBhERkinG PorlidtP('X") and
enzyne activity. [0044] "Menbrane-intact” as used

a n@mncgllﬁpptan@agup@ﬁthméw) the ability to exclude the dye

[ o8 Ehec 1B A0S oot R o G TI s SRR kB Tim the cer-

contajnmga}mm@e)ta'erryg@ﬁ analr a parti cul ar assay condition.
[0046 "Rel ative neasure" in this application refers
t o (@x PHB! ef thaellidepthrstable prrieinoer @1zvine by eackneertion

Vi) n N r t
(“X adE]HOC%Jﬁw’e fs %tg&%b%ﬁﬁéb?%rtegi ﬁreﬁéég‘glﬂﬁe@‘ﬁrt%ah &n éoq‘r Iegtgt ese
meagaementetettiefactionnsniade cets irethel ceslopap ukation intay variety of
i.e., not a relative neasure. Exenplary Enbodi nents
Wa3{50048] The invention provides nethods to calcul ate

Vi 3bos0]t Y P\aéﬁé‘ eié&?iglé hRe CBhA#tibMEd W?é’cﬁﬁ%% ‘Pi?steﬂl\‘ﬁ@éa equally

deat h- st abl e protei enzyme activit
intOftvs@cmcprbnes cfe ahalves), e.celidanitainingt mmdye& )ﬁ$aagsa narireekd

conlnBBatiivy (YRR EbReBEn ol Phd GrerdhedinyExample 1, when
the @bmbn@rmng rp@rma@wm@snhawbt tHea@rmlwm@Hﬁﬁanmé sample,
prior methods - 05|n? cells during the process,

anddhaéemmnahaifgs mtf@mré@el ﬁanﬁafrgngup@mqn ¢, then the fractional
vuatﬂ%% MI\?%&@H&%&%MG@G by the sum of the activities, i.e.,

X =Y activity _from_live cells

X+1 total _ activity '

The numerator 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

50050 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
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[0049] The invention provides nethods of neasuring the

fraction of viable cells in a population nmaintained in
w@2@alewwe nmedium This is done byconparing thRCHD®2008/082612

of a cell death-stable enzyne activity in a portion of

the conditioned medi um not containing cells to the

anount of the cell death-stable protein or enzyne in a

portion of the conditionedmeti um containing cells. In

general, the methods of thg {gpvention conprise three

st eps: (1) a sanple is divided into two portions, a

cell-containing porti o, érexc) land a

non-cel | - cont ai ni ng porpl oh (" Y) (2) the cells of

the cell-containing portion (or a sanpl e taken from
In thdrérst expressian, i mhh% m()toglvmldrvacﬁdﬁs&fodtr(e'ﬂ\)omﬂne of

unt, of the cell death-stable protein or enz
conglen Regdredig -t the f&ﬂéreemmpg assnyed dalasive e e valame of
[ { S

con@h%n%?aﬂg%(ﬁgnnﬁ@ th\%l%aéllccg)ﬁééieﬁq@eﬁéméﬁ §§§aﬁ%a gﬁ:%%‘;?ﬁ%?&tor is a
funetioreef tbeymm'lﬁzewaydecmwm};tmm f oﬁtheebo&mslample bendmoned medium

ned di um i st di vi ded equ Yy
prefEih bRl Yol shhuajorish gl podiad ok, patt flyptative
exa(n;?fe,)a §8ﬁ|1 Bpé‘t|§§ué eﬁgihbéréd PRt Fs'deéd\ﬁwt)o AS
shown in Figure and described in Exanple 1, when the
cel() corx pemiongK, mnﬁalomg(the"b)ellhwdr%ﬂ% obthe s@mple conditioned
i,oned nmedi um of the sanple, and the remaining
mec%nﬁﬁ'? aﬁqg in the non-cell-containing portion ("X"), then
t hg2J r act portish W, irfRicohtainihg c%lllﬁpédhtélhmgﬂff)%&ff&ﬁé %ample
di vided by the sumof the activities, i.e.,
congtionedingediunt.y om _ live _cells X + Y total _ act|V|ty
Hereng juner at or  of this expressi on is the enzyne
activity present in the nmenbraneintact cells (the
anmount in the cell-contlaiT8 n@3pontion, i.e. cell rs] and
condi tioned nedium | eSs;fhe anmgnt present in the
condi ti oned nedi um al on'gg mﬁrg the denom nator is
If thehreeasured enayoms a«:tfvitgriszyfﬁﬁ anct 30/far X ané¥eititeri n t he
sanple. If the rreasured enz rre activity present in the

cel | containing Comt%i ni portions of
t he san‘pl e are 58‘% 'w%oqg,kpen 43e P?%Ctl onal
viabilit Q.
[0052] y The foregomg discussion included detailed means to calculate

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, ifa
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
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500 + 50 550 [0051] O course, in the first step of
the nmet hods of the invention, the conditioned nedi um

w0 poovker9sanpl e need not be divided equal |y bet eENS100£082612
cel I contai ning and non-cell containing portions. \Were
the fraction of the total conditioned nmediumin the

sanple is not divided equally between the two
(e.otakesigds andesame cenditianed masliym; thersremeve additenaly X -
. Y. L= - i t j i.S.
corbMgHetmPAER ity BT HUAL oHBEEEARRy the Rl
artisamdirhe egedtiorsiabove impliviticasdunhe dtis 10T bementsehyefercent

relatjve to the volune of conditioned nediumin the
volyge|rafia it thergatgPlSor ti on assayed. This scaling factor

I s [@obapct irpa &flleﬁgﬁgmﬁgﬂﬂ agﬁfécﬁg@ th&ARE! 21 cbii 8 volume

the total sanple conditioned nedlum present in portion
samplingvatisangy beparied pand that panticulani cejl types sprodocnor culture
cor AU} bRl o . SRS, Ardre st Res !
corlditore@ll hediaidlinZd “afipld. NRs YT BeCpdirbntaBaHe FRMAEH Frtisan,

and (2) a portion Y, not containing cells, containing
parfigelpomodifisatianp ke theoerlttlatiorsi prasgintad abevesheuld belemp®yed

dengginen dis F3reiasiiteay el Fofigrorg By 3p of potodr
condiitidriemediubfvEnide tods8cenBebik3A d Sk ddveatbeRB®H Nthen the

. di.scussion included detailed nmeans to cal cul ate
viakifityafithe pagple:gamberadn BY ovi ded by the inventi on.

This may be in the cpntext of PG | t ir e gr.own, sol ely

f or assayijability #@F—(—h%gr#pese A _
viability of sometlarg O!pé}_aul(aw@fﬁdﬂefaleﬂafmb’e, in a
wherleoot(= {heeI r% lgeof p%sr’csear}{[ Jf %e %‘ot'talI gesflléeto percent of the total conditioned

medium volume in the sample. Thus, if a sample includes 2% of the total cells
and 4% of the total volume of conditioned medium (i.e., the ratio of the percentage
of total cells and percent of conditioned medium is less than 1), and the activity in
the “X” and “Y” sample portions are 1000 and 200, respectively, then
viability = 1000 =200 - =08
1000+200+2X200X(5_1j

Alternatively, the ratio of percent cells to percent conditioned medium volume to
in a sample may greater than 1. Thus, if a sample includes 5% of the total cells
and 1% of the total conditioned medium, and the activity in the “X” and “Y” sample
portions are 820 and 20, respectively, then

82020

viability = =0.8
820+20+2x20x(5-1)

Notably, in these examples, the correction only needed to be made in the
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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engi neered product, the viability of the product's
constituent cells are determ ned by taking a sanple of
wao b@psvoct (i.e., a biopsy), and sone of thePCT/US2008/082612
overlying conditioned nedium In its sinplest form
the percentage of the total conditioned nmedi um
overlying the product and the percentage of the o
to the eauietion, alrady wovidedefarsitiaiens whereetheagrnditicnesf medium is

| - ' ' re t Rw | X I i f a
notgfii8a <A BRE hEtedtl e 30, T goRlar e sFnelesr aauct
abog052p6 ofTHehaethdddrfer aéteeittihg cemQrhbiTid priVidEDY e g
the product should al so be present in the sanple

invenlian ehgingls thsenershiortspnirak cells- & enieel qaie age used 4o galibrate
an ERANG!CRSEE SRSl 157 3 PARICHEAr oylyg ebfiih halr o colfpe. This
is, ingrdrhibpeasée egisting aisegg@fﬁweaalbto&ﬂgwnemd? bﬁg&ﬁﬁi)n or enzyme
di h iitional conditjoned nediu

actyy Y%Z@éﬂbﬂﬁ MAASUTES © P@Ié%'lnglirﬁr@%ﬁlea%‘é&"thﬁfaf‘t@ Jfgdted y the

' | 0¥ LRSI SRk i
e8I 5 LTI SR erc s
or matrpy'subsirats 3|n Juditien abseiutpmaeasures o prateinl or enzyme activity

carf BB 5 LTSt SrEpL B30 e

pad¥ageusiriabilifescul ture conditions may be anenable to, or
even require, altered ratios of cells and conditioned

nmed0QRP] n Adgitinnadly, adstingmetedsapiten saturats atieyen the low end

of AR et b BB Sl TR 6ol Bpkiiernocs
prodigieerisyi thg inveritih seniBefifos hicaisaghg Wity Iohighxaeideéhsity

the ratio of percent conditioned nedi umvolune to
applicptians. stiehias tissug engigelingevi ates from 1, then the

CelY DRB-Stahi@Prbfefn SATT B yVRRNABR Y KBy Conditions, aﬁd;gle\ﬁl

activity fromifve celts vraprtirty = - = = ==
DissaptielY(a - 1) corrected _ total _ activity where a=

| nIobBbLY eSS RS i S B el BoBE ehaPbersists
at dE(}/é%tfabiéI; |eae1§qnp®hi  delas o%%@ﬁfn_gtﬁxﬁvér%%! m%@i(\éﬁgﬁ‘l%‘,je.g.,

the total volune of conditioned nedium (1.
prograsmmgdi eellgieath éap energw-tgiirgtg process) el necrasid (p@ooesmergy-

el EELb " Sh TR e B B e ot
to diffickeR@Bxtenes ReC!l dedil staiblebrotein may be programmed cell death-
stable, necrotically stable, or both. For an overview of cell death, see, e.g.,
Guimaraes and Linden, Eur. J. Biochem., 271:1638-1650 (2004) and Hengartner,
Nature, 407:770-6 (2000).

[0057]  In some embodiments, the relative concentration of the cell
death-stable protein or enzyme activity is unaffected, or changes no more than 5,
10, 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. In 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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1000 -200 viability = 0.8 Alternatively, the ratio of
percent cells to percent conditioned nedi um volune to
WO p0a/060Ppl e may greater than 1. Thus, if a sapP@l/ES2008/082612
includes 5% of the total cells and 1% of the total
condi tioned nmedium and the activity in the "X' and
ortions are 820 and 20, respectively, then

"y l e . , .
" 10088] gae. glegt absan Wil appreciate that otgins opénzyme
¢ =) . i t.he. -
actiRsdndt el loc SREIS forfle RESKR! FVHRb iiban it identtiod by
variplustrhearsjuBoi example;, eadlysisr afthaigeteah@vessidm beofilevf 66t

ST S AT N
deRPAESIst BSn 'bé"us%‘&_o"iaréntwgfe'n.@g%v E’P’r%%in \%ﬁdb&? Gre cell
equal 'y, "thi

condi tioned nmediumis not  divide S sane
deaiarstahle proteinsoor euzyimmadtivitiese Speh gedes mayebe differentially

i,ded [ [ th ondi tion
oxefetighe Battuhae: ol S, BcetiBGl” erad morechan . or 3
foldriardelismdergding amadiiededtR peddesth el Al RSk Qhat are not
determ ni n? cell viabili tysﬁir ovi ded by the invention

undgrgeing & eclt deathauacess: toskided edisan witgacownize didtgenes

e B O SRR PR BB B prooue

or érzymenactivity, uridlee differeniisil dergh ppscassernke absol ute
me r§s of _ protein or enzyne activity. Absolute
med0ts

k of g dsadi-stahie protoins l@nzyme aciitiaseshauldbeed
confihel B tREGRFDAENPES tﬂgst%'ﬂcgﬁg,lfor} ég%itﬁiﬁatﬂglp?asrﬁg Whbrane, in

suppl énent’s, ' vi t'am ns, ph
the regtasiok/@viotitin atreemibnarseltotind mrgaieiiel UEagermslsrtesodhould not

be et teitn B Ce SR BirorndTa e SR eotaihoh endraesivty, Le.
whdtAg B REAT ViaBRSSAh-Viabicabdllsi Ehfsot PRIy f’d@%rfr\iﬁ’é@' e cell

exi sting nethods often saturate at even ' the |ow end o
deaflestahie @sotadeer emzyapp Bibdty reonfined wathin thesplasma membrane,

SRR 0o Hie SRR h Mgl e or, o

apdD06@Y i oMhe racbrase intsgrite of it 8§IRYihABe cell population may be
disrupted by a variety of means known to the skilled artisan. Such means should
preserve all or most of the cell death-stable protein or enzyme activity. For
example, cell membrane integrity may be disrupted by shearing, sonication,
vacuum, high temperature, low temperature (e.qg., freezing), chemical or
enzymatic lysis, or membrane decoupling agents. Chemical lysis may be
achieved by incubation with amphiphilic molecules such as soaps, detergents, or
certain glycosides (e.g., saponin). The amount of chemical lysis agent may be
adjusted to achieve the desired effect. For example, saponin may be used at a
final concentration of between 0.01% and 2% (W/V), e.g., between 0.05% and
0.5%.

[0061]  The cell death-stable protein or enzyme activity may be either a

naturally occurring component of the cell population’s proteome, or a non-naturally
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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Cell Death-Stable Protein and Enzyne Activities, Assay
Conditions, and Cell Disruption [0056] A cell
waeleabhewdabl e protein or enzyne activity i s onBCT/081008/082612
persists at detectable | evels through cell death
occurring by various mechani sns, e.g., programed cell
death (an energy-requiring process) or necrosis (a
knomhméh@ragylaeqdnay hg shally @5 dpnspatiyexeressedois., gdegrated into

e SEFLA P GRRETD EERCLefL A e P S
Moleelilar Gionihgt Ab.a@orétegi Mancial C)bIdSSQbrh@ Ha@borbiaidbrafory Pagss;

overview of cell death, see, e.g., Quinaraes and
3rd gditipsn(2084)-. J. Bi ochem, 271 :1638-1650 (2004) and

o 5 AN e L A D
respiaregibleonblcell raieatrestabdn eRpymemctvity. vayekaan@aiafgwg%@f
h th 5, 10, 15 , or %
relafed RB2VHIFS fé]%a%lrg Bsu trafer olmosqmne @mhc@'rﬁsmﬁqgn enzyme
actlvft‘;‘i'%rc%-’tﬁr?zéd G5! dt 1€8@tN 2pROGE5S10 IR A inYSret 8|ﬂ‘"e?érl|t~°eﬁ thes

have not “undergone the cell’ deat’h process. In certa

DeteotioniMethods the hal f-1ife of a cell death-stable
D5 G008 Mt & AR S anie oS3 o bg ety prwetiarl

teclﬂ’ﬂqU@s kRowRMithelartZe g. 3VedteliAYtot, BLISRBRasdOp&ltrorhstry,
skilled artisan wll apprem ate that proteins or

chr@ﬁ@maaley,uqmmn@mqm@mmw Béemativalyl & qecﬂrdqaﬂestabé% pratein
can 0813600 690 PR ABMLUL Lo B BABIIRA Son Y ot -

protetn hmymeewamgmahreew byl tﬁetfbncﬁtrdm%&gs, alr€h&tdrv@hich it
that of cells not under%§ a cell death process, can

Cat%tszetﬁs elisréptingmemBrage Rempissiatention eberaena petivity
preﬁékélg‘ﬁééé%s%fb@#cfnﬂﬁé&ﬁé{ﬁ the S@l@é@ﬁulgﬂﬂll‘@l} b)‘?ts%gﬁﬁg‘khsnon of

may be diftferentia pressed no
the 8dzyme, ol @f tm)pekﬁ(emmofaﬂ%ubsiratemtmihe cteh,amr Hoth2 , or

- el 8064k " T ki EORLTER A RsBoniacRghrBbRegans ofmdpsirates

andolégﬂﬂ‘gsgroﬁ_;h@ c§K'Ue| KRfedhdd ﬁﬁ"ils\é" ihlthé REREBEL BF Whv&ﬁﬁﬁﬁ
dentified this way nust be further evaluated for the

WItMBepe§§artbv knowingribeanzyprateussponsiblezipneataly4ing the release
o R} 5o S8 S5 R0 55 kg
quantities of viable and non-viable cells (see, e.g., Example 1) and incubated with
a candidate substrate according to the methods of the invention. The leaving
group is then detected and its intensity plotted against the known ratio of viable
and non-viable cells. Useful substrates will be those that bear a linear correlation
with the known proportion of viable and non-viable cells. By testing substrates in
this way, it is not necessary to know the source(s) of the cell death-stable enzyme
activity.

[0065] Enzyme substrate/leaving group conjugates are well known in
the art. A useful property of such compounds is the internal quenching of the
detectable leaving group. That is, the leaving group is not at all, or only poorly,
detectable when conjugated to an enzyme substrate, but rapidly becomes

detectable upon dissociation from the substrate, e.g., following enzymatic
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confined by the periphery of the cell, e.g., on or
within the plasm nenbrane, in the cytosol, or within
w@2eeibtvene- bound organell e. Target nol ecul es BEDUEH08/082612
not be secreted proteins because the origin of such a
protein or enzynme activity, i.e. whether fromviable
non-vi able cells, cannot be readily determ ned. The
Pro%%ﬁﬁ'ngj@fatthﬁ M supiaten C‘dasmfg/fr{eauag mwrys that may be used

in tlﬁ?é)me'tﬁkgtfg ¥ dhidij érﬂﬁ)n%@fﬁ% BRI mited fo, Fﬁrgagig?geﬂjlc

assayabl e up on 0SS of nenbrane in
fluoresdeng rend Iutmgesctqntoﬁoled:wesel ls in the cel | popul ati on

CRlod&a" L ERBiRSoaticindieaHEs Snntheraipetian ohendyme Activity are
well'?@ﬁiwr?fn %@eaﬁel'ﬁetlda%%mmsé | & oﬁ%?rtn%kgng verd QSFH% rr%fythg first

activity. For exanple, rane | ntegri
subgirategpised tbﬂ&tﬁ@a&nzryg)atmtway (bilmamaé’mgnHlbtoghem.

e 3 5 (RT N AR gl EBichelic 6P aBR Sty Prdound in

e.g.a0e8! Patehh NIY. 720246, Y $1 Sat/®yurlg 1achi eved by incubation
W th anphi philic nol ecul es such as soaps, detergents,

or [@87Flai nLymjnasseataolecules, w&bmlhmnmmdaﬁolumm@lf can be

con R8BI gt SHEPITIRREACHSLFTe FINSIE F B8 enion

(seé |engJ E8nPatentNG. an7 48 16} V\Aﬂérn@tl(?él%/ﬂ ausktefted YWo¥lugated to
bet ween 0. 05% and 0.5% [0061] The cel |

'UC'@@atCians'@%smlw i %Sb?teefh\ﬂbﬁ@ lyeiferaseys prpraseedi(semre.g.,
.S‘?‘P%ﬁ%rﬂﬁ\ﬂi I7y14)§ggp)”| ng conponent of the cell

popul'ation”s prot€ome, or a non-naturally occurring
colipastint , The gnethads ex firecimsedtiore naytemploly fluoodstiant Having

| Such reconbi hant nol ecul es may be
arofit, oy KERTEY e e HUORSE RSN AR bESRY oy
molB8ulek adhy tHdlir (Qéer?ﬂ'v@Qt NaﬁéQEQ%‘%’scén’[ ﬁuoleédlé@%F@%ﬂ known

into the genome, or plasmd based
in theaathr 6Bke.amg. b Parentéds. 4,567 8621 ammam |4g394oo70

+.o8PR913 58 TN ke BB B ORI BB £7R S

6 75mze7tmaeacm paitmmrrvavamé IT, @isdre b i eJ SOPa@nmbbncanon
-stabl e enzyrre activi For exa roup of

NOSr épéﬂt?@d?’@)zfmgﬁa*ia@/ %Q%@@Ygfﬂ%ass &t Srrglater% lication No.
20037622 'o??f‘g’ﬁd g;ﬁ%ﬁééﬁé‘ﬁw ’fé’drz‘o?)s @LB déifeﬁug r ngt,S‘“ Patent
PubdicatjoreNo. 2005/0014160) for examples of fluorescent leaving groups).
[0069]  The signal produced by the leaving group may be detected by
any appropriate means, e.g., visual inspection, a spectrophotometer, luminometer,
or fluorometer. In applications where two or more distinguishable leaving groups
are 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 that is, 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
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Det ecti on Met hods [0063] A cell death-stable protein
can be detected by conventional techniques known in
W b@ometops e. g., Western blot, ELISA nmass specPC€DOE1008/082612
chr omat ogr aphy, or immunochem stry. Alternatively, a
cell death-stable protein can be detected by a
characteristic cell death-stable enzyne activity. That
aming acidsy binaking amgrotectingt groupsd, ¢tedi fedensivégatalegs of

f i whi.ch i .
enci BTt el P2 KPRD UG e Gritbie 6 ol el BaReni s
4 wmmpmt:uwwyrdmem stw guee(gaﬁ@aléquerémemplaﬂatﬂ 626 111
t eextracellular mlieu by, g. fusion of the

(paléwwly columps 18hk3)der exa@ntaswf@ca emzwmer/ @ubstrateopalrsé

0 r
oGS50 1R A el SRS R s, P o
6,680,dUBsandiscizened te éadify asefus peptidd Bebsritbodsr We nthe
i nvention, W thout necessarily know ng the enzyne(s)

methedp oh diainvention.c It sPPeiapbedidanis. csename Retiyias sestrate

pref@r&its o be DYGAIBY Tsird Shadt LR EBHNOBaIREHIERTEd in. e 9.,
Felmrgat aIEMpCée&) 386291188 1Y20@%). wi t h a candi dat e
di th d f th nventi on,
THAOER, BT platuleR skt ¢he BietBnes PEUd venian ipclude
f |
conﬁlgr?t%fgfb ml 2 CLgb?éséehﬁ dg@%ﬁbsctagéi'tnr% atte e‘ﬁtlﬁg rﬁ%@ﬂg?1 gLeeytu%et al.,
Blom@m &4, POB290-30F (&) whichiare Ltsleéulkn@mayﬁ toy@rotease aictivity,

b | | subst rat.e |n

N L e S P
Biothemiely| 38a3006S1t1ailoeopnT1ieBe asdetits ban[ﬂ&ﬁfégr&!@éyﬁfb
substrat e/ | eavi ng group conj ugélt es are well known in

multiplexgassaypagskisaleseast vperd-yUos. Ratent ApplicalivadNe.s10//82,836,
I f it t

ed A6 2204908 0l 5 5L AP Bl SR A Y121 on

Julyp@&rmOS)det ect abl e when conjugated to an enzyne

econes detectabl e upaon
3@@ at | Eﬁeﬁﬁéﬁg Wég ggegqt%%ee% ingngintaipig QﬁAhu!?g and
org§ﬁi§%@hbﬁf§o@%‘§§é&%39f H Iéels%“r?é’l@%g%H%FL t&evﬁegﬁé%? labeled

| eavi ng groups tha y be used Iin't
peptlﬁe substratesas nadtard ©f photease achvuty (seei ead, Y&. patents Nos.

0,08 SSRGS LR BT SR 7 e ing
protedgy Jetiaigf Invsityamd f whole cells).

[0073] Intrinsic enzyme activity varies widely among different enzymes
and for different substrates of a particular enzyme. Extrinsic factors affecting
enzyme activity include the conditions of the medium (e.g., pH, temperature,
osmolarity, etc.), the expression level or post-translational regulation of the
enzyme, and substrate concentration. Substrate concentration will need to be
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/ml to 100 mg/ml, 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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well known in the art. Tetrazoliumsalts and fornmazans
were sonme of the first substrates used to detect
wepwygoeodx activity (A tman, Prog. Hi stochem PCT/US2008/082612
Cytochem, 9:1-56 (1976)). Additional colorinmetric
conmpounds may be found in, e.g., U S. Patent No.
7,026,1 11, at colunn 11. [0067] Lum nescent
will Marvewidedsderending oni thase spmeRAREKLeRs rygcordiaglypincubation
t douse Y 4EN
tim e e I Fh G5 oy SPRECBALRF 1SS! 13187721578, ) @ agy abyeo. 75,
or Naninditgst&r Bveh )2, 406t ét)naﬁﬂ?zhbyzrs ulpsdreat es conj ugat ed

| AL S cOne b BERERLER the agietlion ST bslgahtic ggtivty in the
metﬂoéé%f M%veh@&f’@ blérf(ﬁldTmahPﬂéLthoHa%Ihé‘Wemt(Pﬁ&nEBéf Cat. No.

y | uorescent | eavi ng gro xant
GQZ{ﬁD@)s Art additiesaleiubsiratchasafod indbe methnds iofi theawention is Ala-Ala-

A |
Phe R Baedinr St 601 54 55 DOGR1 F s et npteetiqesmon, that
the Al&}Ala-Ph8. tnﬁ’éﬁﬁﬂé |s|\é§3§ub§héi<5?®18ﬁ% eﬂra@f’&s@ﬁ?&l tripeptidyl
4,694, 070; 4,801 34; 5,352, 803; 130,

peptdasesllsmeyne PP H;LB@lowseugls BHexol. é?h%m 2@‘72409 2417 (1986))

and g N580aL TR RS peREssTT he, SRR, vibes R WaMiyyon

Bio¢him. BidiahyispWata. shsgi 2331243 (18988 ahd Bibinfelatet an, Noxlistochem.
2003/ 0208037§9and 10/621 ,31 1, filed July 18, 2003

Cytochipn,, P 1229¢)(2006y MotaldyihlaciierBhe ioa Eommon and specific
sub&ff9R/ f@fgﬁ%g%%t flgq%ﬁﬁgﬁ’k?ﬁt%b&lléw d&f‘)ﬁ ﬁ]gh le%g) Hglé’l. Biophys.,

groups) . e signal produce
294g?(1i3j6 (h892)bewhiehece dandiipnatly sapitardp rthaitrq)ermmllylspepil dases.

o b SF 25 P EstpSeL B et g ). B e,

281%@39 7 @@G@b{/\/ﬁldrﬁ@fbéﬂe& T&g@zllb?neg%ts%fg%ﬁ)gltrgt%r &hd U.S. Patent

sa be detecte
@egz‘bﬂ%a\rvh@h disdosgd subsirates éwite avecipitafingupaving groups)

ef the nmet hods of the invention wll
useﬁgséng{O?O%/¢%§p§ Sﬁjﬁo OnJ ugated to a substrate of a
cellbozBiat hARL-ARI-Bhe s Knewh hdkldoshe 8. sﬁubstrate for the chymotrypsin
car boh drate lipid, protein, peptide, nucleic acid,

enzygendatier sHbstratesifar ﬁ‘%Y'B@VYPSd'ﬁ anddelaies ahrREs Suseasr
cal;ﬂ?ﬁ L’f\%w%uhstﬁé %tde—s—?s -58§§{?H %Itfdr?c?loﬁac%n%?ath;ns oJ)such

urally-occurrin emca
enzyme’shélthese(euregilscwbemfmahérymsgug,rfé!sammdebal Biol. Chem. (2008;

[ ddj t i L1y, these
AugueE 8T QL ¥ B TuceR) bveadiy’ (PRIB) NG, 18%690777), Croall and
Ersfeld Genome 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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substrates may contain no, sonme, or all non-native

conponents (e.g. non-natural am no acids, blocking or
wEe@veedhg groups, etc.). Extensive catal ogs PET/US2008/082612

enzyne/ substrate pairs are known in the art (see,

e.g., US. Patent Nos. 4,167,449 (particularly Table

1), 871 , 946 (partlcularl Table 1), and 7,026,1 11
exa('ﬁgi?w%lﬂ rgay pednriyerdrom skin heart, sialnid Euissle, sRapth muscle,

kldlféllélrrg% |&q§ébb@éep§ﬁ<g§§% % ﬁﬁ@lhﬁ%e g&aéfﬁé@@é_rﬁl nervous

tisskat eintuldlory ﬁssﬁ&o ylﬁﬁhmdrhﬂsse riatstidet spledenthiyfoid us@indctive
e net hods of the

. d b f .
tissfE B o1 Giondr oo AesIe b RH6e néh%e SMBNDG RenzRMARdeg rgimary
cell§ U&;ﬂfdréie@(pﬁh%@bﬂﬂ?a@y %@Ps Qﬁ" é%&é’él!sh@g déﬂ'hﬂ%sp%fi‘%ﬁlonally the

di spl ay technol ogy, as di'scl osed .
cellaimay B growTire mvaget; olaneda, e:goovzy)th qr(vﬂtmpt eehan (e.g.,

nol ul usef I in he, met hnds i nvention

Ch‘%”HEig'B’ &swﬂs ‘ﬁWﬁHeOffVY'ﬁl%QE?S §§’e Rhodani ne to
peqoorE fTDﬂ'ﬁéllﬁ\‘ﬁer(tﬂeﬁ}ﬁr@&d@b niéthod Bit® eit&idurd the vnablllty of cells
209: 299- 307 $1983 whi ch are useful in assays fo

ovepagvidggange of oell gensitigs. For awamele, dne celis mavaQ)mﬂsent ata

cers BBppttd ;j SRl L oy PRt

or bems/eemﬁb(ﬂ O‘bbﬁd 1a$8 Isﬁﬁn%lll Sﬁé @ewsimary al§o @e pré’s&t at a high
nt Applic 62,836, | ed Janua

densg " ob(Fant 2HBA055. DR 10" BAbORE. ZOKINLAPED a10P, 2x10°
5x 19905 192648 HP, 90x 108 11€RMZ 8P More ! %%F%%s&g%lﬁ@h by the

rol e of protéases in nalntalning ce
mve;ﬂgmrfnanwbeémpm@tad N\B’(hamﬂcdmmpﬂ‘gsl af upstooatsoutexd 0P célim/cm?. It

is c:t h\;qggrglg‘y gftﬁnf @\e lﬂﬁer& thsgggéer?s{ﬁ%s oﬁg;g th S
cellNéﬁn2 Br fofe 1$t7srﬂﬁtﬂh ﬁe Q%e?é@ed YUt QI fiRidSReSBheed

and met hods for detecti ng protease activity in situ
throgghouhthig diselosure sie qpaliieg]by tmerten"su aV@lagyszeThetskﬂled)artlsan

i S SR e GBS 3 i oo

conternplated &f theaheth@depryided bl meﬁmermhude t he
conditions of the nmedium(e.g t enper at ure

osnBY &S] t yCeH$ arg ‘nquﬁéteé%dﬁrr@@giuﬂhtq allew Torrthe accumulation of
cellRREHN-SHIS pRUEAGH o 7 iRlind RSBV IE. 13 Bibduce
substrate toncentratvon. frate Concentrat]

condé@d\edcmemuard j Tiseé: edetbgdst bmwniead:by theinwentpmn nogasuad ala)blhty
over ﬂwe Smount of t?rrr]wé%ﬂet the cells are l|'|n 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-life 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.

[0079]  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

-19-



conditions, suitable substrate concentrations may be
in the range of, e.g., 0.01 ng/m to 100 ng/m, or 10
worggoadoeoes 10 ng/ M. I n sone situations, a subsPCHUS2008/082612
concentration of between 0.001 nMand 10 mM nmay be
appropriate. Alternatively, the substrate
concentration can be between 0.01 nMand 0.5 mM
plagtiori Altarngtivelncealistdanrbe supportdthby alscaffoidoer matrix, e.g., where

the GBHE RE et o1 & tise 0 Sielpead Bafich: Yuitaplrigarig mby include
strdcﬂﬁéb@bhmbsbuf&ffinétﬁlé bixgies f 41883 HNickRs eBeimies, AR¥Fer calkium
to 1, 2, 3, 5, 10, 20, 30, 4 60, 75, or 90 m nutes;
phqsphgtyaén che4 swt@le sygffolgrmggarmmlud@rabﬁgrbablpqmmqsters (e.g.
polfTREL5 ol iade, EBH defaliFESEE L8BoifeRS BigTLH! | ©

in the ne e |nven

carbmiwdrédea(eﬁﬂ dyEhepnitetitin stardh, Idr ddnategand PadteinNe.g.,
62% An additional substrate useful in the nethods
collagerp i,

/RGNS llaggndesjved maKIXAREIelalinh«h aasrbingtions of
oy A A ee, Pl ABOEAY oL il ol AP Bhopicong
maygkerfaliyd os @ngl Langeregid tacapkk pt998skabh, énRy8ec.(/MkiPface,

35896087080 e &, Fsteidios 1 B BB 0D 2.
Ass2NAYAratiohEP | ; Vines and Warburton, Biochim Biophys.
ACta., 1384:233-242 (1998) and Stei nfel d et al., J.

Hi 4068Blem chbtlmﬂie maye MQ@Q@F@DBW([ pbosY) redNtralorther extend

the fa o€ plar Sensiie SRS Bhi3F Fiaods SLRE in e TS
achiéveegattéheningsthe s@ﬁalb@aw@e(am@zgrbupmr@ﬁ ighenol red

functionally simlar to the tripeptidyl peptidases.
redugRs theoﬁamalsbegﬁr dhedaginerpp0 K%&B) k?é‘dftbarﬁﬁsﬁm saturgtes at a

hig %%%Ieder%llt d|s ltiﬁ;é&lequEﬁFhot I%‘%t]—zg u?%%g d(eép&gbaﬁdé)henol

scre ar ge rarres o rate

red Reeestthisleffest Bééad%!ﬁlis absaiptidhn spbofsenh lsagosinificast ¢uériap with
hi st ol ogi cal

[ eci at| n eayi n rou sef ul
bOtEHEfF? %ia]t'GHsaq‘% ‘3'3‘{%612)‘1j d?@'ﬂ%g\m to also be a
subpbsff e frPédéhhSn % HEF](‘SM%%'fBr R‘ﬁﬁ”ﬁre H6f other attemﬁatlng

substrates tor ch Prypsn n and rel ated enzymes,
ageads adapigdrior m@v\kthanhen keaving grotipass akse contemplated.

DM AL R ARRAER e Pl e B Bt SRS B
emicBiom spedBaluill Nagd he Beired Hegric oo\ ridpahiiknabIdipid
Id (PM D) No. 18690777), Croall and Ersfeld Genone

spegirem. Absargtipnoexyjtation aaitheRus o Specteaeie kEowp in the art or
ma@b%@SHﬁy 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 two 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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260: 571-95 (1999); Perona and Craik Biol. Chem
272:29987-90 (1997). Cell Culture Medium and Matrix

WO 0®90$19THhe i nvention provi des net hods whi ch nBYT/82008/082612
used to nmeasure the viability of cultured cells
derived froma wide variety of host organisns, e.g.,
mammal s, includi ng humans, and froma w de variety of

metheds canthesdivisied lrl"t%“’*t%b'l@%ﬁ@%d arpiygle speeies\al dedvirgrgroup,
o B R RS 5L o T 0

rived or enbryonic source. The

cel[bes3imy A&iété@tﬂcﬁﬁtrﬁdbr@Whél‘eJé isPRjle BpeGib S f @vﬁr@ group is
derjved froman organ originating fromany of the

COUPIﬁdew'tfpmmlalsmecquﬁqr&ymsqbst@tes w&k I@f@éﬂﬁ? apeBiageated
SIgr%L.. Wgﬁ%e'iﬁg re{u‘i’( élels Cﬁirﬁ %f fjé?{ éNf&Eﬂé H@fiVities.
ski n, e, muscl e, ki dney,

eart szc
Forlexaerple| emgﬁssutisbmﬁe cpah!dreepmcessed b§lla distinvet ez resactivity. By
assge“ phe nervous ti ci rcul atar [

YRGBl qmgg%ovgrnmgittgﬁj%e@nzyg’ﬁp @@Hwtlg%ytﬁwlgislattégi'ated signal is a
mor‘éoékﬂﬁﬁéﬂev\ﬁe\k'o? e séﬁrp% s 898%%9&‘1)61?? l%tsatQ.r IstegAted Rfals

cells may be non-expanded primary ce ,
may: alspmeeueezfphwbece shonterigcaeation, tines ase desireched cel |

vatpg4r of Thedia onfhytio fieeiss SFeroadrSubs, i 1 rethods of
the ‘MVéﬁtl@ﬁ erdéé iMRpTRehBneadlbsbitVialsilit %WIA BetdctiBh emlure

] The invention provides nmethods to neasure
Contm@m@@@mg & spasiesef substiade for an dezyraa getivty eaupled to multiple

speffER3I 16 300 BROVEAIGo b 0516 e 8m IBY G BURT P idhen
sigrizas vEfenaddifisAaliexdsility 2o Sxnkstlifators ubieigwhaactiohledipaieeht which
1x1 06 cells/cm2. The cells may also be present at a

may, hgye m'rﬂ%/Obﬁe@ptqré@@@néeokqewwlt@%m ost diffegsnt 06,
3x1 06, 4x1 06, 5x1 06, 6x1 06,
Wa\%l&%hggng?oﬁ%%ngglefs/cm2 or nore. The net hods
pr qU0dEld byhehsei of\murtlpmrsummwaemcips asadhoalipléd to a different

06 cells/cm2. IL i
spemalionarad avaiondh - Rubrekendgil reeamires of Vbady. The®

subd@Bfesthay, é’b %l&%t&@ﬁiﬁﬁ%h |, RdRim | &r I%Bﬁ%l‘énp@
under st ood that all cell densities referenced

activiiesud] HT@ulelatwemuwsl@rs(@@ulebvméram dow o bighdyy ahleaskidn 20, 40,

o AP eBRE K 5 DB HBIBHY LBty making

muNiplel indeperideaiitn@dsures of eipliay, eth |In0e§ toeinagde more likely to
provi ded. by the invention. [0078] s are incubated

remai eldiedinces detachipnrapge M\étha%tdﬂ@ﬁll%lei Yibsyrate 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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cell death-stable protein or enzynme activity in the

medium i.e., to produce conditioned nedium The
woreaoboeopr ovi ded by the invention nmeasure vi abCT/U82008/082612

over the anmount of time that the cells are in contact

with the medium i.e., conditioned medium generally

annot be replaced with fresh nmedi umjust before

conarant-epPFiEic eRgYmE aGtviliestvel bﬁd#'swgwh%mﬁ &ogniheleawing
, | t ,
grohb{@ us@@ﬁ’smé r%’@nésoﬁbﬂw bt ﬁ'llé ﬁ[ltu?@c?kéﬁsahgfp_ | |ef g ot
t he[OGBV] ddhehmesthaldk of [blnee)trmentlom cana}sn:ebatatjaptddyto measure

the FYto G 6P S ssationt A 4GauTaot MRV e o coMbommRIIaSr o
phy@hﬂb%lc% trélatme'f*lt <—§g’ tﬁern’kg bardmetfc, rﬂ%cﬁ%ggpbﬁ?neﬂc Sfimulus.

ays or rmre
Treﬁﬁﬂﬁ@fd@awalsqwbe amlr@;mmcalrtr@aftmam@ gl, asatesiyupH, ahe

n_of bl.e ceII rown on
eharrREPl ket o bidiiaifa et 48 rppBeth e Above. The
methoaldi dfitiee &lvehvion dhaefginen cledd {hecé«tlebé“fo?aFHf?ﬁ{d At@atment to a
gl ass or surface treatedpl astic ernativel

test:%fﬁl %OR,%U% naeamingdhejakility eithetest 6ell papuiation dyghe
mePE SR il ko 309 Ao lo e AP BIPLORG Bl o e

sant® oplis rot @posetiabshe pleathénts, lngieat%m efiibodiAnts, the cytotoxicity
ram ctaatﬁand/ r .cal ci um phosphates. O her suij t abl €

may, Eﬁf%@ tasy 1 g1ius Hhe iﬁa@'% yiabiy ef poopeiations Ip éh@se

emB@éh S &éor%éﬂ‘g@ hﬂﬁloﬂ ?Qég a?gd derivatives or
copo ynmers ther P car rate . hyal uroni n,
chitin, starch, or alginate) and protein (e.g.,
collagen (e.g., a porcine collagen-derived matrix) or
gelatin), or conbinations of any of these matri ces.
Furt her discussion of matrices used in tissue
engi neering may be found in, e.g., Langer and Vacanti
(1993); lkada, J. R Soc. Interface, 3:589-601 (2006);
and U. S. Patent Nos. 6,689,608 and 6, 800, 296. Assay
Vari ations [0080] Applicants have di scovered that
phenol red can further extend the range of cel
densities assayable by the nethods of the invention.
This is achieved by attenuating the signal of the
| eavi ng group. That is, phenol red reduces the signa
of, e.g., rhodamne-1 10 (Rl 10), and the assay
saturates at a higher cell density. It is theorized,
but not relied upon, that deprotonated pheno
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red exerts this effect because its absorption spectrum
has significant overlap with both the excitation and
wWE@Pi03e619ns spect ra of rhodam ne 110. [0081 ] | np@Xts1009082612
to phenol red for R110, the use of other attenuating
agents adapted for use with other |eaving groups is

al so cont enpl at ed. ApproEri ate attenuating agents for

particul ar | eavi ng group&EXa ation and or em ssion
Cxfe Al phe TSy eSS Rhrdy By 1

en[8688h spdniafachematiowia dall idisiligrassay I?IEMO\M in Figure 1.
uor Qnmet r

Thergoiea- T i PR Br U oG R EREULSEP I PLRIEIRE SRy prsent in
thei‘fjr'(]‘)gg?dﬁl g%g?élﬁ)tﬁgﬂ &ntaitth &Rl tﬁdrﬂ—:loel’ﬁ'eeﬂrm while

processes, steps, and/or agent
‘Readr#Z’us thmamxméoﬂcelhdemhee}alsleuirotelm y)f eﬁzymemhmt)epresent in

e R Rl S Y SR e e

pofifatidi. st abl e protein or enzyne activity. This is
achi eved b pplying multiple enzyme-specific _
suld9PBeL es Klvman agdicotarmbosduaytesiweatehexpaisied torsgpepd or third

o84 b S4B SRR B e poBiABRgERsh

MAGI % irbiplants; @nbﬁdm%y@@a/v@rre saddRdSIRaApIRfate bnfo MAltE dbaqhiens well
cell death-stable enz activities, coupled to one or

plamﬁgr@ inetrevghside pRAGH Igr d’gg@brmg@tnx punches (6 mm in
diamé érg Séhé]ﬁégﬁf‘gﬁjﬁrog(ﬁﬂat%ﬁ/ ?‘5 pbﬁ%’ 60Biddd (Y}leg{eg%qmch

e speci es ’of “T'eaving grou
Mammlet Amlmxlm@o‘nemb@éné ereatiin & @pOttIﬂSe cbmé@’ﬂ ba#satenenitirane

maly A TGN SOET e ULHES. JisHeH0 SaRsit Bressiivalent o
8. 7’54(1 (54 Br Ok (%lslcmmﬁﬁh%r@sgeﬁhs td "F 3531 86 td 5‘§x1 0° cells per

resul ting signal I's a sumof tected enzy
ACBMADT hierabrafer meka«‘rﬁi’IOeQméatheu thise aasay lscapalletieto full-sized

®Cess di stinc cti S
MAE S RRRA sigalhsr ik AT EHES (BBl el AaREer 4nd o
propﬁﬁ%éﬁéﬁh@uﬁt enedndifforfed WicBiRE Gré BiRnVir@YY é?jcchtsﬂ#nple For two
nple's overall nmetabolic state. Integrated signals

puw&wﬁ@a ipgliampetenl whisbrtegether tepreperiarrrpymateiyel8%r of a 20

o Al T BB > ™

Foups 1IN the I AV

approximﬁelgi@&ymahe el oélumeatbi thetaondhictheldanediam ovedyimg the
cogtai ning a si n%I e species of substrate for an enzyne
20 @t imgPradeu gndth dheriylksgale 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.
(G9260) with saponin (10% w/v aqueous solution, Sigma, St. Louis, MO, Cat. No.
S$4521) 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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speci es of |eaving groups provides parallel neasures
of viability. The different signals offer additiona

WO b@giobiobi ty to investigators using detection BCUUR0ES1082612
whi ch may have machi ne or detector dependent
sensitivities, e.g., at different wavel engths and or

SEESHEWES R IO T
acde88hl b t%(e%{ﬁ)str@féc. efhé fhbycdRerrangs of v?ﬁ&?&?ﬁﬁlggéﬁw&in the

viability. The substrates may, e.g., belong
masfiermix iswypinellli:um or high relative activities. The

ekt 10io3blehls-Fel Boglainag 1B thakale. 8.8%M 5” T

50,, 100, 5&%‘ r 00 fold, or nore. By making
mul ti pl esl n é%ghﬁt nmeasures of viability, an

I nvest i gRlhermol may ObtsTmigémLi(kpliondlp remain i g t he
[ detection range with at |east one substrate
spgg_ﬁég]. [ B]h%bﬁag'ﬂ f&-9Qgpin e 419 Blateiwiasgeadiusing @
MolcR B Lo A el S MchoRRY FaBr BRK 1 oM Pro
Softwaleuateexcitation 4850 aetdissipnob20ron. Miveedata was then processed in
. cont am t-specific substrates, each coupled to the
M'Cé%?ﬁfg}ég' s of |eaving group, and detecting one or

noreo9gNt ame3ant of RESTEEbStafine KRBe@AEh dleSshowi® Figure 2.

cont am nant - speci fic substrate species are substrates

Scattarplety ghisorepeantireporter Yonatmirangth, (Reladutt live cells with

SRR ARV A4 o 2 B g, AT 8 ot

of deillaieedndemsitpere sHoWal YDate flonett iapd tid aléeige of three replicates.
cont am_. nant - stpeci_fi c |l eaving %roup i ndi cat es )
Inculatiothimatightherbis#alachla-GhenReedamingyil Bsubstrate was either
Y8 ' . ) )
5.0, 0yt 1216 Relon signel an g ey v near
anddvariechiitie stiadill imctibation imekdastedg A)60micade insabation step was
neasure the viabilit f the cultured cells. [0087]

usefp SHOSRAUENIPCRPIUEMAMSt i on can al so be adapted to

ExdmRprU:Addae AuPA&Xakd PYe&éiop treatment. A treat nent
may be an environnental oOr phySI ol ogl cal treat rrent,

e. 0094 her mhie, adsaranyeafithe assay hasi evalyated byrasniearing the

[ IS, .. b i cal .
meghiyRH iy ch & JTtlke R SaPuasTeditadr Shriablechul ole
cultage Mas MBIRedCEMPinbalief o guanies of The dTRf dests cals, pre-

the invention may further include the steps of

mixgg AN sReded atdhetrdicated densities, Han prospssed psin Example 1.
Th{ﬁ%%‘éﬁfé?}gviﬁgﬁtyv\ivgg’ bldtted & a FScthRiSsr thE er @R Y LD cBYs 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/cm?. Although significant intrinsic variability can exist in the

absolute signal levels from different cell strains (Table 1, first data column;
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nmet hods of the invention and conparing the viability
to a control culture of the sane cells not exposed to
wo b@ovewes ment. In certain enbodi nents, the  PCT/US2008/082612
cytotoxicity may be calculated as 1 m nus the
fractional viability of a population. In these
enbodi nents, a control population is not

%CNddANrthe pREabiiysnmmeagired vajity isisubsjanially losabTabley,
R r Product [0088] A bri ef

Secgéﬂgﬁ%%?éngﬁdgggﬁﬁegﬁablI|ty assay is shown in Figure

1. There, "Read #1" is the amount of cell death-stable

or enzyne activity present in the portion of the

popul ati on containing the cells and conditioned
Tlﬂegtun1 while "Read #2" is the anount of cel

h-stable protein of enzyne activity present in the

ppriiton of the condi TiJoa&sh B8 BidialPMea8lred Viawili s

: the cul ture popul atli on. [0085' %Enan ar?‘?cdpgr'fye

nondr oCcBtesn wer e expdndedor2y second or thlgray passage
nmonolayer cultures) In order to replicate culture

ondi t | oﬁifatﬂ;@a in MAQI (rJO02DbaNt s chon@ﬁd}ﬂyt es were

opagte 96 plaLES
Cl - ] ? nmenbr anéw ri

inches (AQ,erpygén di amterzggg4_ggn3| €S 053 55
pbpr oxi mat el y~ 25, 000 tlo 600, 000 cel | s per punch.

aﬁtandardﬁabvmom(ﬁD)) menbi7dfeBamat r| x is a4ﬁ8r CI ne
J ||C||U C ||al| | yAY ‘Vn\l.; t h a DITY fo | UC u‘]d
Vb‘ﬁ%ﬁ“&“&@“’ﬁ‘ﬁ?? dai ng Hdetity equmégent to

8.75Xx1T 04 to Z.Ix1 06 celTs/cmZ which corresponds to

Exanglaxt c¥hifiButfohxdf MatrbEReagRat. oNd AMA S VanabRy 6 2R8ay

mafrix (20 cn2) . When the assay IS applied to
P_GElﬁlQLlsi zed MACI (r) inplant sanples, two small punches

or 058 ¢ R eBri ST el R b P i A RS o Bt
matrmcorneagbmaoﬁmn the picaisdreof m@ban‘éd vgeilitie tellefrorsgBingle
roximately 2.8% of a 20 cnR

Parﬁﬁg‘fz}ﬂW? e sgrded et ardansdy obd d?’ﬂloo rﬁgﬁse/ﬁﬁ'a iQnegbrane

f
PR Tttt S e BBt CTo Rl Rt wpre
anahyea: niedrix idt] assep let, amdl amweﬁc dHath \catbde wakdasted in two

arofGer SRch TRyasyt nc S0 ey ver e BliedERe Thedpsults are
shoWn inRaendi tioned medi um

These results suggest that the assay is relatively insensitive to changes in these

mogm'como—'oo

7]

technical variables.
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whi ch woul d contain half of the total

prot eases rel eased by dead (nonviable) cells,
wo ecanséeried to enpty well s.

cont ai ni ng the bis-(Al a- Al a-Phe) - Rhodani ne-
- phenyl al anyl - r hodam ne
No. (¥260) with saponin (10% w v
Si gna, St.
ti onal ;

substr
110; P
TahigZeou
S4521)

ate (bis-alanyl
ronmega Cat.
s sol ution,
and Dhenol red (op

- al anyl

[ 0091]

Loui s,

Next ,

MO, Cat.
0.1% sol uti on

amount of any
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a neRCBURI0N8/082612
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gure 2A; and
a function

of [oebT] seediridgnhé devalopnidi Wi thiDakaapat Whs fauirki tHye the

average of three replicates.

| ncubation tine with

t he

addijen efapheng! sedir herpzraammixdure cryld aiispyatedhasignal infersity in a

dos%%eééééﬁc‘e‘ﬁd en s

”éd’ic?é eﬁtﬁhé ‘ﬁh
was

I near

héh

va

L R

rre

d;fﬂtﬁ%%ﬁ@%?t&h%ﬂ? cell

densmasba@el@w&rms@edaesamwmg&ibmtmtamd poickasedas i ERample 1,

withEe i

63t RiRnabPELAGH

nt neasur erren

dhe pYeREe VIRR

ﬂayccggﬁlggyre@flcqtﬁg is shgwn in

Fig@@SaY THE iRV 6t by r&PHB@é thaFf@é{ tﬁ@%%Hlﬁr%‘ég oé 11he assay, it

Vi abi

ity of a culture wth

known percent ag

merghnbéryesdd [pseveriidhe signal Ievels 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 pl/well. Substrates and phenol red were

added in the amount and at the time according to Table 3. The results 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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cul ture was conposed of a m xture of known quantities

of

live and dead cells,
woO pabpoevesi densities,

prem xed and seeded at the
then processed as i n Exap@i/eS0s/082612

The neasured viability was plotted as a function of
the percent of viable cells in the test m xture

ure 3).

( Fi 8
of tﬁ%ﬁéw

proportions of

The

sy 18 heddufe 3t

pl otted data

+'é‘h¥

ower

To nmeasure
noljred iree.

poi nts are the average of

wdOPeY | cahgyseﬂfmf@a\pl ted wen@pamté\f exeandest teetynemc range

tg‘\?v {\ \é'nﬁ?
see ensi
densilxb(ityp@lallysbaam 4x10% nglds/cmﬁ); obén aaarietynef rﬁadlal inalstiingOserum

con%%gnngrﬂresprgm free, ar ﬁﬁ%@la%cf lé{’ﬁ%*ﬁ@éoog %

I|ve and dead cells from3 di fferent

bR a0

Tablém3ai ns were seeded at a density of 7.0x1 05 cells/cm

2. Although significant intrinsic variability can
Groupxi st in the dbsolute signald|eyel ¢ from d&ifféreft
cel | tra| ps (Table 1, first data col upm; %Cv=41 . 49)
he—vari abl ity bi--i-ty—s—substantially
Timg ¢ QQ"?Tabl &1, se . OCVE7. 62). |Table L
(Wheixstartsids 3: | Contri Reagent, and
add Aoyt Vari abi ity eci sion{[0096] | I n order
to assess the effect t anal ysts and
Phenp P& dift matrix of on the precision of
1strow@isured viability singl e parent cultufre
'S 5 —at—a i 1—-65—cettstem2—on
T'mél ; ?qg]ng&b;mches and prOt,essed as described ip Exanp|e
SUbS1r<"‘teThr ee vari abl es were anal yzed: Ix | ot,|assay
Timd 60 mangdAnal yst. [Each vari abl e/ vg%f t esh@grinl two
. each treatnment group h tistical
add'go r. ca?les The results are shown These
fedfpe@@llzmds suggest that the|assay i8
rounti\8@ R drieV® t 0 changes in these| Fe%CpQPI
qaivari abI@u Table 2| Exanpl e 4: Effect of Red
2ddipHHEFY e ur { ng t he| devel opment of “Fhis was
Timd o@tminhat |t he adfliti on ©f phenpl red | ay
add g@,@&tng,,e could attenuate the sigpal intensity
dose- dependent mapner, and extend the |inear
phenohigdfddi& t o hi gher cel |
3rd round: (180
min after adding
substrate)
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densities.

Cells were seeded at varying densities and
processed as in Exanple 1, with or w thout phenol

red

w@anaInbwonver age viability of three replicat esPCHUSIVO8OB2612

in Figure 4

prevent the signal

The addition of phenol
affect the accuracy of the assay,

red does not
it nerely serves to

| evel s from approachi ng saturation
Tabj94suppre33| ng the si gnal out puts in a dose dependent

manner—Thetanoimt f—phenol 3" ethcanberaditstet——7as 7
needed. Phenol red s not |typlcally needed Tor| seéding
nsities | owefM han 0.5 ¥ 106 cells/cm|2 nenbfane
Grott W X. Exanph@tidnal [Ti m ng |of Phepol Red |Additipn
[ 0098\ _The fti n})gr%I of addi tji on of | phenol |red to|the
_ assay tunePW&S fpund tq be flexible. |To denpnstrat/e
Signalsi (RFULai| freda si ngl e |strain|were sonicated to
T,mgelggefﬁre( gt Tmtracettotar es and|seededrat—=a
gnsn of 1.0x1 04| cells, a 96 well plate, in
min ATSPUHE of [100 M / e es and |phenol | red
addifigratpteEddieed in t he apou he tinme accorfding td
and 58iEardy The results are the average gignal
intensity off three replic ¢ treatnent in|l Table|4
add‘t"’”T?fé%tés“P@éul t $3RprPeP4t | pr*EAGP |r 888 -9 | \&PyBng326.48
Tim€ 680 aM (Raght ONS addeE / I'me poijnts duying the
ay . ils simlarly ffe, i attenuatli ng the
bef?%% X‘fé [0099] The red significantly
addigsehpied t he dynani | new assay to| neasurle
red)Vl abi | i t}’ \/\fnensegszm_, ; N%B29 01 | 866.34
ansit v f\/uva||y or_1nila
Tlme,appg}nri,(%th; ia in serum
aftefmoe] 2 and phenol re ree.
add,}l’é}pdll Fheddiabl ¢ 4 Exan ernati ve
trix [001|0 %s C
re )dl fferent matr &1% etoPaP VviRér 60 | 886.71
Timseadeohinon Gel f oam (Upj M), |a
- N us gel at| [
<R'gﬁfr%ﬁ“¥f°?%x9104 to 2
addijenaéeieseld ag i n Exal Fi gure
red)> as the averaggad i 428218
vi-ahi tha ca
T'”‘%x?*%%'t‘on JUSt prior
(Rigtitaftgi iedicat ¢ that th
addfiélal prergeded on a v |
red) 3550.22 | 1736.73 1777.20 1981.21
Time = 270 min 5513.00 | 2522.19 2583.72 2642.22
Time = 12 hours 17777.36 | 9809.42 9722.61

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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Exanple 7: Cells G own on 2D Cultures (Tissue Culture
Plastic). [00101] To denonstrate the effectiveness of
W0 b@oae®wey in a nore traditional tissue culturBCT/US2008/082612
environment (i.e. growth on an inorganic, flat
substrate), cells were seeded directly in a plastic
six well tissue culture plate, with no matrix, at
indigatesthet the asemyiiagnenahletoanalysingteslls sgeded 06 @ watistyoh
. Is were processed as in Exanple 1. The
dﬁﬂ%gggﬁﬁgﬁare shown in Figure 6 as the average viability

Exapfiplewo Celd Grawvedn Ih € ulivads (TissueCulthee PRIsKS). as
determ ned by trypan bl ue exclusion just prior to

sed@PHY1 whe desognstraie éhe eﬁaq:tt\een@émﬁéhe assay inaa mase
tra ofi:\icftf’a\( i JU ?E'@Sﬁ uroWetﬁt Eleé ogﬁo?rﬂ?&ﬂ tagqggfq[a;n?% rffg\‘;\%ﬂ%‘%trate),

cella weareiseéyledfdmatly irca pladhicasipvell dissdo ruhursapiates With hd Bdatrix,
To denon trate tg%[effectlv gness of, the assay on

at d%&%'t'ﬁﬁr@ﬂg'eg fam 2.2 t‘él@cﬁﬁﬂﬂ@c;@?g%/cm‘rérrhet%lsd%ﬁ@rs
pro&@és%dsa‘%eﬂe@xé?ﬂp@q WAL Yed s RUHANE IR PUP&S%%?@E%@Srage

(émmin dianeter) at densities ranging from
vialility of twosepleatas. cTIi’Ge Vighdlity ef the celtse agrdeterssiadd &y trypan blue

1Theru|tsa vvnlnF ure7 ste
exclsERuE Brioe i sdsb. Wa ! [ianeesuh defiohstiss fasne
ass@y paifefmd wisldwith ceSg Fiﬁr%ﬁ‘anﬁgdlﬁanélrdéq}%ﬁmél Substrate, in
excl usion just prior to seedi ng, were 88.0% and 84. 9%
addﬁé%b*@cﬁﬁ“@élfywnmle%éarlétsmftréaml@ﬁ@nstrate that the assay
IE F rln ceIIs froma non- human source.
S ve Substrate [00103] To

der[ommZ]at Foldeen@istens itvesfsstiveinebb of s Boshysh ABn-human
substrates other than the

cellg, rabpitchopdERaytRs, fioRs BuerdpBOTS, YEre sredpd @nrAEI-MAIX®

e g e AT g e TR g ra 0175 o

1 4Stt1(ﬁ|ae$lskmfn UFtencellsomdreoprpicessed di iivg Exnmdand i tTmresults are
06,.cel | s/

sholy nd " 5 Ji SuBteo8Vip BB PRI CalRg o g DI strains
1 arﬁd\baaé\ﬁé%?ﬁ')me@Eg%%ﬁﬁbluelgx&@&oh RS RS t@éeedlng, Wwere 88.0%

th esan'pe [ate was rea
andeSA:BtVaﬂewﬁca@ewm These resubia dwﬂmﬁraﬁéhthahtm)aswy aerfcbnmns well

d C _determ ned by trypan bl ue excl usion
ity Shofiyian e

Example 9: Alternative Substrate

[00103] To demonstrate the effectiveness of the method using substrates
other than the bis-(Ala-Ala-Phe)-Rhodamine-110, an alternative substrate, (Ala-
Ala-Phe)-AMC (Bachem Cat No. 1-1415.0050, Torrance, CA), was tested using
three strains of human chondrocyte 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 alternative
(Ala-Ala-Phe)-AMC substrate was effective (Figure 8).
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98.6% 98.6% and 99.2% respectively. The results are
shown in Figure 8 as the average viability of two
wo epbiocaves. The result denonstrated that the PCT/US2008/082612
alternative (Al a-Al a-Phe)-AMC substrate was effective
(Figure 8).[00104] For all patent, application, or
other reference cited herein, it should be understood
that it is incorporated by féference inits entirety
f on 0 it .
| o 10810412 FBERE PRty hricBioh. br B REGRARE R Herlh,
shodmbbkmantierswm fheat dtis thdaypoeited by cefeaamacd indtgdsstiretyt for all
licati this application wll_ doninate. [001 05]

PUTBRYES; T W SR he BHoPORoN bakBiraRited. | Whese apysefict ests
boriET8 GG ibpbhradn by RN ab! S obfiton, i
applheatmmwnlldommaltmt ended that the specification and

R AR LIRTAR o e o
skllf'eﬂqnftl"?é bRWHdE c%h@id@?atWﬂAJf the s@e&f&@%ﬁ §nd Jpra@tldaeéﬂﬁg

nmeasurin fraction of viable cells in a cel
qumml dis¢lose erﬂnau Hdgl intended that tieespaciticatiar and examples be

con§BRG 3 el G vt A e Siomsr i S Ot ey Gy At being

indieatedi By m&q@umﬁ,gmm@ contai ning cells of the cell
popul ation; (b) detecting a cell death-stable protein

or enzyme activity in the cells and conditioned nedi um
of a portion of the cell culture nmedi um containing
cells of the cell population; and (c) conparing the

| evel of cell death-stable protein or enzyne activity
in the cells and conditioned nedium portion of the

cell culture nediumcontaining cells to the |evel of
cell death-stable protein or enzynme activity in the
portion of the cell culture conditioned nmedi um not
containing cells, wherein the fraction of viable cells
in the cell population is directly proportional to the
di fference between the [ evel of cell death-stable
protein or enzyme activity in the portion of the cel
cul ture nedi um containing cells and conditioned nedi um
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and the level of cell death-stable protein or enzyne
activity in the portion of the cell culture

weendiosivohed nmedi um not containing cells. 2 . PCTES1N081082612
of nmeasuring the fraction of viable cells in a
ti ssueengi neered product maintained in a cell culture
medi um conprising: (a) detecting a cell death-stable
enzyme activity in a portion of a cell culture

WHRINE £ apgepedi um not cont ai ni ng cells of the
tTssueengrneered product; (b) detecting a cell
deat. h- stAahiethed of neasating ithey fravtidef giablescellsdn a cell population
C ndi%ﬁ&[} oned rre&li um of . a portion of the cell culture

maipigineddna GEACHItHE Pediuwn §PMPREING: ssue- engi neer ed
product ;and ﬁg‘@ ' g} TR
deat h- st(ggl e ﬁ%?/t a?{a !I\E/ll%ta §m|§tﬁ bﬁ:gﬂor’g%hcﬁ'?# zgpet %céuwty na
celgorton plia eetrediture canditidredigediainh sioandntaoning celbsefithe cell
medi um qf t he tissue-engi neered product to the | evel
of RERYRat h-stabl e enzyme activity in the portion of
the cel l(ppul tdetectiRnaickl aBath-SBBIPIoIEh FRMPM Adivity in the
cell's of the tissue-engineered product,wherein the
f r &lls @ndatonditignied roediusn pha pldian ekthe-asiigiufeee aedium

POl B LB FE N P BBBCIRERd 2l o enzyme. act i vity

in the geyti awoneparirietheablelwsldelideatdidbie pasteil 6t diryme
cells and conditioned nedi um of the tissue-engineere

pr GE¥Y Enthher ¢ells|angegorstitionad mgditnm pottian ef thaspiheulture

actd Wi: j j f I k :

AL EpEEESEM Ol Leb M prten or enyme
t i ssitieity mgiheqeortion pf tucell citurd cortlitiotied imediasunotrgntaining
the fraction of viable cells in a tissueengineered

pr &8t maintained in a cell culture medium

whé&r@theStat@ion(GE vidlfIO bl HOtHe SRR ﬂs%nre%ﬂéﬁog&pomonan to

ti ssue engineered product containing cells an _
the giftarence batweamibenevelfofLel sldativatable pratemdor érmyetk activity in

the BRI bt Blecl ThFlq By Sobiafing el PRC s iaReRagedium
andbdilgveldicell debei-Siable fRItER dHerlZ)hd AGRAGHN MEBERIBA of the

product fromthe sanple portion provided in step (a);
cell culture conditioned medium not containing cells.

2. A method of measuring the fraction of viable cells in a tissue-
engineered product maintained in a cell culture medium comprising:

(a)  detecting a cell death-stable enzyme activity in a portion of a
cell culture conditioned medium not containing cells of the tissue-
engineered product;

(b)  detecting a cell death-stable enzyme activity in the cells and
conditioned medium of a portion of the cell culture medium containing cells
of the tissue-engineered product; and

(c) comparing the level of cell death-stable enzyme activity in the
portion of the cell culture medium containing cells and conditioned medium
of the tissue-engineered product to the level of cell death-stable enzyme
activity in the portion of the cell culture conditioned medium not containing

cells of the tissue-engineered product,
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(c) disrupting the nmenbrane integrity of the cells in

the sanple portion of the tissue engi neered product
w@e@vioelwos i n step (a); (d) detecting a cell PCT/US2008/082612

deat h-st abl e enzyne activity in the cells and

condi ti oned medi um of the sanple portion of the

ti ssue-engi neered product provided in step (a); and
wherein @@H@%png)fww sells inothedisisue ngineered prediest iy disectly

proffitiofiett (e ikEe® DeRbEd e kB ceitteal BRI sh2ime
actlmty)ﬁumte portioh betHd yelPEWRee madiam dohtainthgledifseirnesnditioned
bet ween the | evel of cell death-stable enz&rre activity

mediureok B LSUEENGRRETES product ane thedenal of cel Hapth-stable *
enzﬁﬂ%r §étr\‘ntglc}% r o%ﬁl@ﬂeof the edii bt.l E#b%éﬂgﬁeégre%’gdlum not

ngi neer i's disru
consainingadsile rof thmmﬂwen@heemdopmﬂute hi gh terrperature
Io t enper at u chem cal .or _enzymajic, |ysis,
Berdf gt

r and® P& iy 2&yEne éhe facti Wablerelissn (ﬂ téﬁsh'\eﬂf
engwné@@& r&ﬁa%ﬂﬁﬁ?ﬁ@d‘ﬁl 4 %ﬁ’@[llt%r)ébyégw&hﬁ%ﬁ\

engl neered pro I's disrupte addi t oﬁ of an
anphi phi(ag. @rovitihng asampie pbricinaofrthé tlsam:eegmeelm product
anphl hile i

P TRRPRnG e R pltincltiondl aMou s of & e aniike HpdiliGaee

maiRédiuRed in a cell culture nedlun1conpr|3|ng (a)
provi di g a portion of the tissue engi neered product
cont ai ni(RY celatectingda gelhdeptirstableaenzymae activty nteeperion of a

t ne ST PR B0 R AR lng SRy Sele o Bl i 8 ep.
a) ,errgmeeredtpaodumgmIuhésaxﬁqptéw@or&mﬁspﬁ@vna@almﬂgﬁpe(@)
product; (c) addlng saponi n,

bi s- (Al 4SA a-difeipt 'Paé'a%meﬁ@brfnﬁonteéntmf thgrpslls dn the sample
pr drii&e of theS R Hgi @ér;% )gsuroé‘un& ﬂrg‘)ndgﬁtlﬁg{é{&@g

or escences corre eave
AI a- Phe)(drhodbetectengla téll deatmetabmmmn@aowueld tha cells and

choRRERlepER S PRSP £ofien PENE 1S5 eangingers product
provided in step (a); and
(e)  comparing the level of cell death-stable enzyme activity

detected in steps (b) and (d),
wherein the fraction of viable cells in the tissue-engineered product is directly
proportional to the difference between the level of cell death-stable enzyme
activity detected in (d) and (b).

4. The method of claim 3, wherein the membrane integrity of the tissue
engineered product is disrupted by shearing, sonication, low barometric pressure,
high temperature, low temperature, chemical or enzymatic lysis, or membrane
decoupling agents.

5. The method of claim 4, wherein the membrane integrity of the tissue
engineered product is disrupted by the addition of an amphiphile.

6. The method of claim 5, wherein the amphiphile is saponin.

7. A method of measuring the fraction of viable cells in a tissue-

engineered product maintained in a cell culture medium comprising:
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between 1.5x1 04 and 6x1 06 cells/cm 2, and the

fraction of viable cells in the tissue engi neered
w@e@doetood s proportional to the difference di vPCBEUS1998/082612

the sum of the fluorescences detected ind). 8 . A

met hod of neasuring the cytotoxicity of a treatnment to

cells in a tissue-engi neered product nmaintained in a

cel | cul(@re Rieviding 2 arpiarsehige taye sninaaied preduct
et SRR Aol Rl B FERARIRSS @ ATEED pulfie copditioned

porrhedionmgf a cell culture conditioned nmedi um not
containing cells of the tissueengi neered product; (c)
fnqgmnn

detecti g a d¥PVidingha pogiobeithesaliritieg Fondijjoned

colieygas 130 31 CoRAAg ol 5 108 ot vt

ti ssue- dopi nesdinlg papdniat andibis-(Ada-AdaRie)iRigpdameineel/dl to the
of cell death-s(iable enzyne, activity in the portion of
t heSATRpIEs PrpYided Mhelers A) @R APflg celI's of the

tissue-qagi neRteetimy Metekcéicds CortéiyRindffy l%eéllf'ea\{eﬁiebis—(Ala—

deat h-stabl e enzyne activity in the portion o
celAladgthe)Reodamunie: 1 th eutheestinaplea provded i siepg a) elndsd),

w5t A S SEAAE B R e BN s sy o
betdebhelr HOEE dny 6D defisichdN apll the #BLEos Bf VidbiecdlRan the tissue
treated tissue engi neered product to an untreated

enginesygd Pspdicide pErPqitienride the Aifaipreafividaskby thecsyranoihe
ﬂuoﬁé?&gr}%reg%eltéct.é@ n“] ti ssueengi neered product is
rrectly

proportional to the difference between the

| ev&l ofA esdthod@fhtessiuginh ehe rytot@xicitt ofva tngatmeintte cells in a
. portiogn of the cell culture nedjum containing cells of
t'ssgﬁéartg"%%eﬂ'@d Srgdudaraintaipediica calguttne mediuim gempdising:
deat h-st@bl e YA LAt p I-QR; .
cul tur o @ond: SToAng e tealiehfo e daGE chBirklered Brotiict
ti ssue- dbyi nedetedting aded death-stableeneyrheactityamya padion of a
of clai 1, 2.. 3 .or 8 wherein.the cells ar
et uire geciinEed Haslimato coaraiiBg s eLTE famwe-
celdrgidedelprBauctll. The nethod of claim 10, wherein

the cells are chondrocytes. o
(c) detecting a cell death-stable enzyme activity in the cells and

conditioned medium of a portion of the cell culture medium containing cells
of the tissue-engineered product; and
(d)  comparing the level of cell death-stable enzyme activity in the
portion of the cell culture medium containing cells of the tissue-engineered
product to the level of cell death-stable enzyme activity in the portion of the
cell culture conditioned medium not containing cells of the tissue-
engineered product,
wherein the cytotoxicity of the treatment is proportional to the difference in the
fraction of viable cells in the treated tissue engineered product to an untreated
tissue engineered product, and wherein the fraction of viable cells in the tissue-
engineered 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 of the tissue-engineered product and the level of cell death-stable
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12. The nmethod of claim9, wherein the cells are grown

on a matrix. 13. The nethod of claim9 , wherein the
w@elbserne present at a density of between 1. 5rAT/0820881682612

6x1 06 cells/cm 2. 14. The nethod of any one of clains

1, 2, 3, 7, or 8, wherein the cells are present at a

hi gh density. 15. The nethod of claim 14, wherein the
enzyele actiyvity ip e partioatof tbe welb sultre amditinnegivmedsim not

/ The . one of clains 1, 2,
conga’ﬂhi?zft] %gtﬂ@mﬂg§% ﬁ@'hgggeéﬂ’mggﬁ'h- stabl e enzyne
actg.vi t Whémmmw{bﬁdn)bané ¢ cRiimp, 2086t 8] Wherelrihe cells are

contactl ng a sanple with a substrate of the cell
ma@alidnst abl e enzyne activity wherein the substrate in

comjgigatfe #n%tﬁ’od]I f 85iae @hbﬁs&wt@g cllieure H%Qn( b)

detection o eaV| ng’ grou anount of
| eaMi.ng 'Ejre)u;etimtm ettlaiin 1§, whermnlﬂn@nalls a@ thendresyes of

cel S tiwvit . The nethod of
c 2 T e e Retanhof EM SapPitein s 6oIs Ao EHELBR AL Ratrx
| UM NOgeHLEmediod bHABRE 9 Wherdif- th% E@lléTEFJ‘Bl‘Es%Et 5{ é"dghsnty of
17, mhereln the |l eaving group 1s fluorescent.
betweehdd5>o1f0 @lnal 6w 108 celltlenéi n t he | eavi ng group . s
16, wherein, the

subﬁ T at a@"%gowggpg%%ﬁ%}msﬂhgdgn?n@ &, Wierey the cells

are'BiféséPﬂtdl%Ch@ﬁ deingityn 18, wherein the |eaving group is a
coumarin _derivative. 22. The nethod of claim?2 1,

whet®ei n Ehemedhed atclginadg, weemitthe gellsrare preshotiaidretween

baj 6 jp the substrate is Al a- Al a- Phe- AMC. 24.
2X1$h%n@6f%ﬁ0 %ﬁélg aim 16, further conprising the step of

addigrg arhexgmstiiodbf ay ondof eladasthe, S| aned 8,0khéren the cell
det ect abl e | eavi n% group. 25. The met hod of cl ai m 24,
deajprstahle eﬁﬁ)émﬁg%?ﬁ‘b’ Wi @ﬁaﬁﬁ@ﬂ by the $tges comprising:

(a) contacting a sample with a substrate of the cell death-stable
enzyme activity wherein the substrate in conjugated to a detectable leaving
group; and

(b) detection of the leaving group,

wherein the amount of leaving group detected is proportional to the level of cell
death-stable enzyme activity.

17.  The method of claim 16, wherein the leaving group is chromogenic,
luminogenic, or fluorescent.

18.  The method of claim 17, wherein the leaving group is fluorescent.

19.  The method of claim 18, wherein the leaving group is Rhodamine-
110.

20. The method of claim 16 wherein the substrate is bis-(Ala-Ala-Phe)-
Rhodamine-110.

21.  The method of claim 18, wherein the leaving group is a coumarin
derivative.

22.  The method of claim 21, wherein the leaving group is AMC.

23.  The method of claim 22, wherein the substrate is Ala-Ala-Phe-AMC.
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signal of the l|eaving group, attenuates the signal of

the leaving group. 26. The nethod of claim25, wherein
wo b@oagemt whi ch attenuates the signal of the PEHUS2008/082612

group is phenol red. 27. The nmethod of claim 26,

wherein the phenol red is present at a concentration

of 2;{) to 500 ng/L. 28. The nethod of any one of clains
. 3,The meﬂzpd ahelaian 16t fusthes compsising deasier ok adging an

age\?ﬁb\jh‘{éﬁ Pﬁtoﬁgllfﬂé Fﬁ?eoélébhlc ftﬁ%lde-@&a%tlgg\ﬂpg \%rfL)lﬁ' m 28,

erein stabl e enzyne ac
corgf.i sekheometitod obelaint anwhéredulth@euéntdwﬁea m&@ulatdaethe

Sigﬁt@?@gﬁ f)f ing w‘c’»@&%&é@'@gﬁ@é gtgnawwellgg%ag @réuhf rein
negset i chid bh 8(8%52‘ Anerdih 1983087 @hich KRR the
. hgge P ai mg Vﬁ

activity. 3 erein the
sigreaddf tlmlsewalwng@bUe |sph§mel redtivity is a progr anmed cel |

it LGRSO e M R A
condenfrafiére af Ly t65e0Ingg/enzyme activity.

28.  The method of any one of claims 1, 2, 3, 7 or 8, wherein the cell
death-stable enzyme activity is proteolytic.

29.  The method of claim 28, wherein the cell death-stable enzyme
activity comprises one or more tripeptidyl peptidases.

30.  The method of any one of claims 1, 2, 3, 7, or 8, wherein the cell
death-stable enzyme activity is both a necrotically and programmed cell death-
stable enzyme activity.

31.  The method of claim 30, wherein the cell death-stable enzyme
activity is a programmed cell death-stable enzyme activity.

32.  The method of claim 30, wherein the cell death-stable enzyme

activity is a necrotically stable enzyme activity.
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