CELL DI VI SION MARKER CLAIM OF PRIORITY Thi s

application clains the benefit under 35 USC 119(e) of
wQ2®7/0P50vi si onal Patent Application Serial NoPCT/US2006/039237

60/ 724,093, filed on October 6, 2005, the entire

contents of which are hereby incorporated by

ref erence. STATEMENT OF FEDERALLY SPONSORED RESEARCH

This invention was ) r.one support under

grant numnber GVBlggﬁig&ngW@i{i onal Institute

of Health. The CGovernment has certain rights in the

i nventi on. BACKGROUMLANM OFPRIORITY behi nd agi ng and
l'ongevity are a current topic of investigation. Mich

Cer T AR amoRf PR PR ey BsBTblS Re O qampiont
Pateﬂmﬁﬂica@éﬂémtswm obs ﬂl&i bn WRtdbeh, 2008, HPLAGE

ell, known as a bud scar. Cellular aging in yeast is
celépr&s etwhish areherehibiseomppratediytretarensel | progeny a cel |
has produced. By counting the nunber of bud scars on
the nother cell wall, the nunber of divisions, and
t hus tﬁ%‘AaEMEN'R QF RF@‘DERAMN BRONSOREDRESEARGH | ar

ma vi ous Vi Si O woul usef ul for

0 o My b e it SRR s o et
GM1994 iaGarded b@aﬁ@Natld)r[hﬂ ﬁ{stlﬁité &F HeAth e Ub SR hed céi‘tam

cellular structure in animal cells that is a marker of
nﬁhtém@één‘@éFandl visions. Followi ng cell division, a

remmant of the m dbody ring is retained by one cell

(typically the ol der or ﬂpar ent" cell) and persists
t hrough multiple ceI | BAGKGBOINBuch t hat rrul t| pI e

db I I
T 096l SRR AERII Sl ROEifl 10p 055
invegtigatioly, Mnah progresa lhabbeeusmdietsmdbfﬁ@“thb Eynetioslof sbluik ging in
dIVI‘? ‘gﬁ&e 8g[en|tor or stemcells, |n a
YSShuY &6 iigjogs amup% Figriable Fempant o thegisoult efdhe
R E@I RAG%n 2Eh BLEIcd O deﬁ&laln%?]ﬁ%’ iR GQY ?cgd 9 t‘ﬂg Ahber of

scars. I'n one aSpeCt the | hve on provi eS nmet
ddughted e@lbpmtgﬂlgy 4 hell basemedus:ed oBy &owmntoiigably nember dfibud scars on

od ncl,yde contactin ,
R e e e B St 165 HE B! e el sp e
dé@emandd. b dimitir nikér@Fprdvidificen dRibhORould be useful for studies of

cellular aging in mammals,

SUMMARY

The invention is based, inter alia, on the discovery of a cellular structure in
animal cells that is a marker of previous cell divisions. Following cell division, a
remnant of the midbody ring is retained by one cell (typically the older or “parent”
cell) and persists through multiple cell divisions, such that multiple midbody remnants
can accumulate in one cell. These remnants of the midbody ring, referred to herein as
“midbody scars,” can be used to identify and isolate dividing cells, e.g., progenitor or
stem cells, in a population. This application relates to compositions and methods

related to the newly discovered midbody scars.
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thereof that binds specifically to a polypeptide

conponent of a m dbody scar selected fromthe group
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cetlinrpopeniiaaof mmnnmbhlabeltsne gon populatlon including both dividing

cells and non-dividing cells.. The methods include obtaining a population of
mammalian cells comprising at leasttone cell suspected of being a dividing cell; and
detecting a cell having one or more midbody scars; a cell having one or more
midbody scars is a dividing cell. In some embodiments, the dividing cell is a
cancerous cell. In some embodiments, the dividing cell is a stem or progenitor cell.
In some embodiments, the methods further include identifying cells having a
desired number of midbody scars, e.g., 0 to 2 midbody scars per cell, or 4 or more
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¢ onpl%rs%gne embodiments, the population of cells is from a subject suspected of
having a proliferative disorder, e.g., a pathology specimen, and the methods can be
used to diagnose a proliferative disease in a subject. For example, the methods can
include determining the percentage of cells in the sample that have a selected number
of midbody scars; and comparing the percentage of cells in the sample to a reference

percentage representing a sample from a subject that does not have a proliferative

disorder;
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mbiely. "MisbfH@ embodiments, the methods include obtaining a population of cells
and evaluating the cells using phase contrast microscopy, and selecting cells with a
desired number of midbody scars based on the presence or absence of a cell structure
having the morphological features of a midbody scar. In some embodiments, the
desired number of midbody scars is 0, 1, 2, 3, 4, 5, 6, or 7 scars, e.g., between 0 and 2
or 4 or more scars. In some embodiments, the selection is done by an automated
system.

In further aspects, the invention features methods of determining or estimating
the replicative age (i.e., the number of times the cell has divided to form two progeny)
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scars
scar component is isolated, e.g., an isolated protein. In other embodiments, the

midbody scar component is in a midbody scar, e.g., is part of an isolated midbody
scar. In other embodiments, the midbody scar component is in a cell, e.g., is part of a
midbody scar in a cell or in a tissue.

In other aspects, the invention features methods and compounds for targeting
therapeutic or diagnostic compositions to cells that contain midbody scars. The

methods include conjugating a therapeutic or diagnostic moiety to a compound that
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DESCRIPTION OF DRAWINGS
FIGs. 1A-1E are a series of micrographs depicting a mitotic kinesin-like
protein 1 (MKLP1)-positive ring localized at the midbody during cytokinesis. FIG.
1A is a phase contrast picture. FIG. 1B depicts MKLP1 staining. FIG. 1C depicts y-
tubulin staining. FIG. 1D depicts DAPI staining of DNA. FIG. 1E is a merged
combination of FIGs. 1B-1D, in which MKLP1 staining is pseudo-colored in red in

the original, y-tubulin staining is pseudo-colored in green in the original, and DAPI
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the original, g -tubulin staining is pseudo-colored in
green in the original, and DAPIstaining is
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4D is the merge of FIGs. 4A-4C, with a-tubulin pseudo-colored in green in the
original, MKLP1 pseudo-colored in red in the original, and DAPI pseudo-colored in
blue in the original. Four midbody scars are visible in one cell, and an adjacent cell
contains one midbody scar.

FIG. 5 is a photomicrograph of H9 human embryonic stem cells, with staining
for nuclei and MKLP-1,



This invention includes conpositions and net hods

related to a newy discovered cellular structure, the
worR@bodp7scar. This structure is preferential | BCT/US2006/039237

segregated to one cell during cytokinesis and persists

through nultiple cell divisions, such that a cell can

accunul ate nulti ple m dbody scars, potentially

accurrul ating one f t | ' Lvides, e.g., as it
"ages." These scaf@ﬁxgiﬁgpggﬁgghﬁgghﬁ s markers to
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t oki nesi s
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m dboghskisis ti’see?ﬂmaﬁhﬂ%alt Rob8s ’cH&V{%JsMI%Cﬁn' tHT fl@/fsgs 1 o d og%e cell

of secretory vesicles during daughter ce
witlorenkicatpd ehromosomeg 0%g tv@eddughtep 3¢11L°Aml) idemicib gelyetiScar s

RSB USRS S e L L 4

GRStz C1005eScitve, BT DTy 1 B0akind GadtiREXFRSMiéBhRY Niol. Biol.
several subsequent cell di vi sions, such that mul tiple

ReY- R 35-L &8 Dt aytokanssisct plpspderssrateral kaowmas st migdbody
t

fo?‘rﬁégetéx{%%ré Fﬁ%m&foac%ugﬁtﬁ %ch) . ﬁﬂ%ﬁ r@ﬁﬁ&@ llﬂﬁ\ﬁ%el? ?%Qvndt% b%q}n%qved
1n0‘écrmtnhbnni;f ssa@tosy lvesldes:diiringaiaﬂglha &H\&E(&hsmn (rﬁiﬁmley et al.,

(ggggeﬁhgg dbody scars form when, follow ng

he m dbody is preferentially segregated

to one of the resulti ng daughter cells. The other

Mikdgodhtsesrscel | recei ves no detectable trace of the

m dbody. As denonstrated herein, the m dbody scar can
segr Bijaeeplinatioe dessribe thy dispayssy bf yniyn selthlorstmpre related to

thg)ﬁ‘} ﬁfs ?‘;Th?g stﬁlc re Jhg H3dvoad sca'rn t eﬁ;]s%ltlrmnogé\-g%g)n/eéaééfn ecglent'

scar 'V |
celﬁakwblens,%gﬂeﬂﬁt ﬁﬁiltfp&mﬁlﬁdﬁoﬁy sdaﬁ@@fnt‘tﬁbrﬂdtecwd\ﬁheﬂma céllsem

or ngenltorcell divi des, pl uri potent or
(Bxamples Ar4)c g mangyas s %@&f}y i haye hee@ desiad | iy single cell,
although the upper limit on number of midbody scars in a cell can be several times

higher.

The midbody scars form when, following cytokinesis, the midbody is

preferentially segregated to one of the resulting daughter cells. The other daughter
cell receives no detectable trace of the midbody. As demonstrated herein, the
midbody scar can segregate preferentially, possibly based on the existence of a
previous scar in the cell. When a young cell with no midbody scar divides, the

midbody scar may be segregated randomly. Importantly, when a stem or progenitor
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segregate with the original stemcell, and not with

the newly formed daughter cell, e.g., the cell that
walpdof7es4smt i at es. Thus, the mi dbody scars are nmeCRESH0€639237

stem and progenitor cells, and can be used to

identify, target, and isolate these cells. The m dbody

scar structure is localized adjacent to the plasm
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n?%ﬁ%%%éﬁ%ﬂ%@)& Y $¢atudiigpe yeaml%éowen%nteaf midh éawés
nfé[ud'e Rirfagdst oth@ﬁ’re%ﬁﬁﬁﬁ? fbihs, Ah@ kP PHIRAL e MBLA0Ron
urification of gtel ns and protelin conp exes are
ORmuﬁde scay ﬁ@umres,ldnd:ludmg sudheregulatoryipmteing oegaffecitrellcan
d ified under conditions suitable to keep the
lé/bs %rgc‘?sﬁﬁsact For exanpl e, the nenbranes can be
solubilized with a non-ionic detergent, such as
Trlton(tn) X—IOO and the scars |soI ated on a densit
: I eaapls Palypeoptid isk: Mammalian Midbody
s&hier al met hods of pr ot ein puri f| catl on are descri bed,
€. 9., in Scopes Protein Purification: Principles and

Pra EB rlnger ( BhteekGeh993) . Met ho f m dbody
puri I pagine,y o knowatdlseeIne.|g. | Kuriggﬁ‘?g‘“é’ﬁ‘ﬂlas

P bds Cell Bl olf. i SCLH -
et gllﬁl;;%gg% pr%%fﬂ; nceenciDs949B. 66) (K# §?§e W{h@ sg%%a?n}%lﬂ@

Ue dudpl cu 101 | >0 d.ll UTT UI ||| U0
EmssomphibylitSicofbalin)al Gerelprsa) 75iq - T %BEUFUZZS@ and
rH-fication—of dhodi-es—fromla c\/nr\hrn ];%24-172

B Vﬁp@f‘r%rﬁteé‘? Son| | Gerf B 51659" RO, €106H8; ARIHIII6540
of SkdReRYSal  (supra) can be uUsed with interphase

ceI n a DI i enAlkRe AIMA ; ARKSH dhurB; IPL1;
Aﬁm}aloB %a@é ?Er;@r@s ,bﬁg synch8TKb5zAiMphpnt STKAA

of non- mtotlc ceIIs can be used to isolate m dbody
scars. . In_sone enbodi nents, m dbodi es can be separat ed

Isplatian af Midhady Scars

Midbody scars are stable structures that can persist in cells through multiple
cell cycles. Accordingly, the midbody scar structure can be isolated, in whole or in
part, by common cell biology techniques. Methods of purification of proteins and
protein complexes are known to one of skill in the art. The midbody scar can be
purified under conditions suitable to keep the complex intact. For example, the
membranes can be solubilized with a non-ionic detergent, such as Triton™ X-100 and

the scars isolated on a density gradient and/or antibody affinity matrix. General
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scars with a conpound that binds specifically to a

conponent of m dbodies that is not found in m dbody
WGEe@r®44522 g., g -tubulin. M dbody scars can al BOI/D82006/039237

isolated or enriched further by the same nethod (e.g.,
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m'iﬂ%@? d¥ar$ Cﬁrﬁnﬁ%ﬂ%ﬁlrﬁﬁ{@ @iB6odids An'WRisbfhde® ﬁfrogfnlﬂlfsﬁgﬁy

dy scars can be detécted to determine a c
sqa@pmtlm acompoungdhatthindsepedificallyl tb apoppontrit of mlﬁaslw that is not

he. f Iy d ' tif
oy A D RRERS Soeh sty uliR Sl 3Faa BRaRe bt ekl
erffiehed firthepbhy theGams meivd (eQ.,Sis nhb&i}ﬁﬁkﬂfndchtfﬁﬁﬂt}%ﬁrﬁ&atlon
of cells with m dbody scars. M dbody scars can

begds ermaiicss; e sicaptasningribedies thapo m§letc@mm@emnoﬁﬂx@dy
mﬁfbgg%gl@args destflb rggfy that specifically binds to a
m

y scar polypeptide or an antigenic fragnent
t her Iso]fatedenlgbodyf\déhﬁl can be usdilibideteriredbe identithotatidbddly scar
A nunbg[ré)&of ant i bodi es sui fabl.e f%r use in the
iR rue ol s PRE R P o LS RCiEigg DY s R Bt an
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identiftad eBc by H(@iipe@tsgmeme@eﬂ@towmwm 2., kinases, that are part

"0t € | bodi
ofSh LIRS St GO P Sl P B St
(s@ﬁi tellB). oBaguseahaﬁnasi)d@%eﬁ% arem@br@beth@hﬁub@ﬁl & if rﬂaéry to
gma- Aldrich (St. Louis, M). Antibodies to Cepb5

coalitaén meay pf @@d’f?tﬁmﬁaf?é?lﬁ inthegnidbogse(see, et | Skopay Al 2994,
<% g 08,305.@2%6)5%%1t%naﬂb th@@'may%e%rotegﬁlph‘eseﬂt n%l?esl’}lld%%89 scar

that are not found in the midbody.

Detection of Midbody Scars

The midbody scars can be detected by a variety of methods. Midbody scars
can be detected to determine a cell’s replicative age, to select cell populations based
on the presence of one or more midbody scars, to identify and/or target cells based on
the presence of one or more midbody scars, and to study the characteristics of cells
with midbody scars.
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wo eagoersr2 of a full -1 ength anti body. The anti bpOyUSENG/039237
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1 _d [ £an. incl ude celd, internaljzation,.
ofe Gt SR SRR PR BB b SRR 5 Bocy can
alpepé h GDR-peifrRt atibdlly, dibb&tis Bibbaismintodd Funsiflided@dtibody,
cell -penetrating peptides, see, e.g Caron et al.

deipyyzedsntihedy; Or gy aptiegn hinding | ns thetept Penet r at i ng

Pept } : tcat ,

et o LB Es ARG R0y 1 BRh AR R R en B B o
fliwirascentDesietyl 2 (2BYaclisSO Botbe,lan angidesheyrtimstedgent, or a magnetic

05) Cell |..Life Sci. .62(1 6): 1839-49, or can be -

s Ra PG BT, Y BHtTRRE S UHR D AR e eraty
biIcBs fisdlhBe BRIHAN oonfholind cont¥iGfield EotQtablé BARYEy , 4

ot her enbodi nent's, a pol ypeptide that Is a conponent

angibodn o e gbmggunsterra membdyef prboeflingpainée. @, 4vidinand biotin).

rot.ei I hclhudes, a,. fl uor.escent .pol ypepti de, such
WHeR B Ptk ot AR SeHEEREE Moy 1oL R s et o
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inftaédllute lpbrtion of the midbody scar can include a cell internalization peptide,

such as Antennapedia, HIV-derived TAT peptide, penetratins, transportans, or hCT
derived cell-penetrating peptides, see, e.g., Caron et al., (2001) Mol Ther. 3(3):310-8;
Langel, Cell-Penetrating Peptides: Processes and Applications (CRC Press, Boca

Raton FL 2002); El-Andaloussi et al., (2005) Curr Pharm Des. 11(28):3597-611; and
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| acki ng scars. In sonme enbodi nents, the relative
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relative level of signal, e.g., a fluorescent signal
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can be usef ul ardi ze
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re tion of s cells. for use
bl PelstfohafRtonly syl b incacgiitgion of e effcative
agifithe dll. NS 8811 diosde, iPes feiBilbte aﬁhﬁmo@%éaﬁ welh&¥kh cell
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oyqle; éhepefore, p@ISa\ﬁ@h highesnumherseof mishad s are thnse thet have

e TR P R ool TR ot G & p BB o

lackihf scaag.e produced fromthe fusion of an egg and sperm
cell, Cells produced by the first few divisions of the
f er t {0 SOREPTRRASRBPIYLS, dhelclativs ntl@b%%ﬁréwﬂvo YPe@sEcandie] s
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cell type urlpotent S s are t esc
MKLR leGFP or e dluocasténdlyd alebl wloantitiod Y r amidbatle scantpeoteia), lis the

o] 1 s SR, bt e s v S bty RS eq
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ferentiate into red blood cells, white bl'ood cel

the relpfive leved 108 pignan thereln eanchsl soged nsing rodine enedsmd,% to n@ect a

e of, sel f-ren
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naehdr or e bﬁmuﬂﬂbéns @Y afdddodyRearpr Bskiibn of b QU@b g@?ébﬁ@ mely
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uséRi1VEE SR aBREHRES stdbardiRHY &b to FRAR of Sthr cell stimuli, or for

preparing a population of stem cells for use in other applications, e.g., therapeutic or

diagnostic applications as described herein.

Stem Cells
Stem cells are primal cells that, upon division, can give rise both to another
stem cell and a cell that will differentiate and ultimately die (see, e.g., Zipori, Nat.
Rev. Genet. 5:873-878 (2004)). Totipotent stem cells are produced from the fusion of
an egg and sperm cell. Cells produced by the first few divisions of the fertilized egg
12



wi dely used marker, but does not detect all stemcell
popul ations. It is reasonable to believe that m dbody
waears44are present in all stemcell popul ati onBCHIS2006089237
therefore be used as a universal stemcell marker.
Therefore, m dbody scars can be used to identify stem
cells prospectively, thereby potentially avoiding the
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autonmated,. e.g., by flow cytonetry cell sorting, e.g.,
s ol bowions diskns Bl Eeredar | ng (FACS) for el <
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' t I
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tumor cell killing. Moreover, isolated midbody scars could be characterized to

identify novel markers for therapeutic targets.

Identification and Selection of Dividing Cells

Dividing cells, such as stem cells and cancer cells, can be identified by the
presence and/or number of midbody scars accumulated during or after each division
cycle. Thus, midbody scars can be detected to select a population of cells that are
dividing. For example, cells can be selected that have relatively few (e.g., 0 to 2)
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anfoist fadhih g BRI ploh AN B lss BT HOBE Cesncqedd such
asfﬁfmé‘rly%‘ AhmSXRERA W hse @ﬁ‘l@ry%‘ﬂ}ct #5648 | '(IVI@F GELOQdR,, %Qﬁﬁﬂe

i'n thé art. For exanple, & clonal populati‘on of ste
Xuaet dls I\EﬁérMbté PRy d8T-80 (%IOﬁg aSntthda ’U@ISQZSZbenH ﬂnerpemtncols

ds, k t I h
o e R Bt Bl o Sipaicgtore
WMEﬁ padiagith ehd RIS BE dthErvRSOYMAS tli'ﬂi‘éelll@ ﬂﬁreié%e et brh ¥ dGure
nmpounds, e.g., small organic or inorganic nolecul es

Subgréﬁe it isKlssiEablg torvse a s alris pef @qtru@rveloégstrmanlar
14 ) gﬁ{ ide
PR e o0 SRRRRN%p B AR TR BBy Bl anptony rom
Innocibiod )Cdidmchmﬂb giee id. Xl esrenivaliredoctaun tI’éveI‘s&lf di@alent cations
usef ul in mit h(}z:%gr .
using chelators such as A or EDTA, is preferred over the use of strong proteases
such as trypsin, which can disrupt the midbody scars both outside and inside cells.

As one example, a population of cells can be diluted and plated into a
multiwell plate or other suitable vessel in such a manner that only one or a small
number of cells is plated in each well. The wells can be evaluated, e.g., manually or
by automated means, for the presence of cells with one or more, e.g., a selected
number of, midbody scars. Those wells having cells with midbody scars can be
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relating to studying and/or altering aging and

| ongevity. In certain enbodi nents, screening nethods
w@Roovhetspr esent invention utilize libraries of PAEES$2006/039237

conmpounds. As used herein, a "test conmpound" can be

any chem cal conpound, for exanple, a nmacronol ecul e

(e.g., a polypeptide a protein conpl ex, glycoprotein

B B i S P e i
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about 100, 000 grans per nole, s t han a
@fpwdps@}wmn@t odsdeowntia ﬂa@mbfw ﬂk&n@m&ngm@rmd mmpagutllcm, of
ﬂa% %than 5,000 granms per nole, less than 1,000 grans
per nole, or |ess than about 500 grams per nDIe The
test conmpound can be naturally occurring (e.g., an
herb or a natural product), synthetic, or can i ncl ude
S and synt hetic conponents. Exanpl es of

test ngmmggfo?ﬁkyﬁgtheﬁy o? ﬁd(}e%flfﬁggngorgs&qd& S ll

pept i dom net
omanid oanairggtic mobdeyles (4.2 pthoskewith a@hqzleaﬁéreﬁmgld%f matt@gsbooo

Dnﬂg g&%ﬁpgggsoﬁguc' ¥ toltlgees c{;lrncfjl | O%é(fi and ¥ gl%:}:f %mdgng to midbody
sAFRIRIABO @Y sdaf &W@sd SSuciE%% I})BF]FH%%H%E us&ll ﬁ%mth?ds

screened |nd|V|dua 'y or 1n para exa
refeding|te sfudging@adion gltevrmgaigmgqmdtlmgwghp ut drug screen of
Iargﬁlllbrarles of chem cals. h.libraries of

cand St & RIS SSirerins oL edressar dxeion, vilize
litrafes offteRRoPEHITs| AGQisédDlidRein( SBstldoBFBuNE Van Deialy %ﬁérﬁﬁal

can be designed to cover a diverse range of conpounds.
cquaovad ofiop PEample) 4 Bpeipyoteanlci(pel adelypopidel 0 0mteinGonOEX,

gli? tpgr nl 5P Q 891’(: agfd gP4 &nﬁmb%ﬂi%ufeo(g%o g lino ao aarrﬁcleotide,

ar Pvel pr|o experi nmen anetd
areatigalEin oe 1maganwgg1q3mna) A &Sscoﬁ[po@ﬁﬂ egohyveaf foR AP NHNES of
of eng§1 zaggégntial. A giary c n be desi gned and
legs thim SRTE DS el LSt 18 Sbpyt 3006 Eame perpple, loss
thY B4R 30900 orde A RIQLR el DIGS ki pr Bl 168004 11000
the art and has een reviewed (see, e.d., rdon et

grains pér molvedr leghiban a0 §00) g@ins 188 Hrolel (lhe teDevinpbuahein be
nstr on

Lk, A Ch Res. (19 29:114;
ol a8 (e - erd pr R rabBlod ). Bl Of AR ot
natgsl ard1syAthkti@ othperents0 BxampRis ofikest cAbFoundh BitludBPPoteins,
(1996) 29:144; Lowe, Chem Soc. Rev. (1995) 309;

pepliders entidogimstics (eﬁ,m@n@ldqmmm@n@ﬁs aiges)id asales,
oL g T, Do 08 8, s
orRodrgamiatompoiats, e Y\B&EDORARC or organometallic compounds.

Test compounds can be screened individually or in parallel. An example of
parallel screening is a high throughput drug screen of large libraries of chemicals.
Such libraries of candidate compounds can be generated or purchased, e.g., from
Chembridge Corp. (San Diego, CA). Libraries can be designed to cover a diverse
range of compounds. For example, a library can include 500, 1000, 10,000, 50,000,
100,000, or more unique compounds. Alternatively, prior experimentation and
anecdotal evidence can suggest a class or category of compounds of enhanced
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W93/ 09668, W91/ 07087, WDO3/20242, WO4/08051).
Li brari es of conpounds can be prepared according to a

wa 200703437Df nmet hods . known in the art. For exBOmpUs2006039237
"split-pool"™ strategy can be inplenented in the
foll owi ng way: beads of a functionalized polyneric
support are placed in a plurality of reaction vessels;
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28 e A B L6 CIHAR 2L GlordqigbaA g hem, Res.
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D AR AN e b P S R kg
Widhe3/69668 OWa9 190 70851 WSS/ Ade dwjo4AeR 1 synt hesi s cycl e
can be randoni y sel ected; alternatively, amno acids

can bbraies of cempends rcelwb@lpreaare@ Recoading [to buvamqty oémgthods

ALk O Rty o0 0 B8 P e

foli@wiitiow by Gendssa 1 almhcticﬂiahzddl’poﬂﬁﬂderm/s@pmh are1aa ih @ pﬂlrahty
own peptide capabl e of interacting with an antibody

};rg@ctwnm%seb?naémwyl@ POYYISTIE SERAOTYS S b&%fqrgw-nhm.mgtlde
sﬁlltﬁe@xs 3H k¥, af® sARO LR CoftinGdcik gf‘&va?la g?or\é%ﬁr}g gé e.g.,

pept i peptidomnmetic, or n ounds
Bodamshe“hﬁﬂ:«tblbwo@hapﬁdaﬂyﬂhesm i hndsedm(yn, 'SpﬁngapVerﬂagJ Betlin

t a.reutlna rar e des,
125581 T0%parNiguOEt bea® sl o BB by agino
adi@Shd BRRAHIMAS arf alloRRditd ﬁl%%écpce yidl® a%‘ﬂﬁﬁl‘i‘t@/rof immobilized
|IIustrat|ve synthesis, a "diversoner bfary” 1s

argineAcids, ang in h@chm@ﬁm vgssebeVite aliguptsalf den(/@rzod beadstare then

Wi aBte, MR uaeokin RS LG o el b PR i e

al(qineebelﬁg glacecH@ @&Pﬁﬁteﬁéao@ﬂon IdREMI Laoth&rdicBiat&barhkdhtid) is
can_also b used tQ synthesize libraries of conpounds
thee adsteditp gedhplignet fthspée t Therfvelstof snathesivis appeatedammtil a desired

pATpRARAS, BRLRE, 2?2?§”ﬁ2v2°ad32§f ed astivity, and,

i f sBhe anoinp deidtrefijudstrddeatiticach spenisesyclvEnhbde sandomly
selected; alternatively, amino acids can be selected to provide a “biased” library, e.g.,
a library in which certain portions of the inhibitor are selected non-randomly, e.g., to
provide an inhibitor having known structural similarity or homology to a known
peptide capable of interacting with an antibody, e.g., the an anti-idiotypic antibody
antigen binding site. It will be appreciated that a wide variety of peptidic,

peptidomimetic, or non-peptidic compounds can be readily generated in this way.
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of screening conbinatorial l|ibraries have been
descri bed (see, e.g., CGordon et al., J. Med. Chem,

WG era)45750l1 ubl e conmpound libraries can be screenes20by039237
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of?ﬁréenﬁf%sc%ﬁlmal iBrapal fllvebee ldbschiBad (s'e@‘:é g‘déﬁrcﬁh etal, J.

| east one m d y scar Is contacted wth
Mednphemd supaad Eiohéolrammpwlddi’omrtﬁ@ caebe sczr@fmpd lbmﬂﬁmtybu nd

to t db det d
oyl Gt S Pl i R ) Tl ihide MRy R
fodRER b8 idédificBn0df theisbRtddarandd 18 dbnventtbnal RUidiGEss (e.g.,
rat, or human_origin. The ability of a conpound'to

ARt PCREIMEH AMR nanddbejikele dmmnbilired isoappourdgican be screened by
caithoid g@ﬁé G B@s ﬁfth\ﬁ"s{) B}ét ﬁ?%bﬁr@%ﬁlﬂ% e scﬁﬂ‘éﬁe%ce};&? is

I nter ctant e eval uate
conmgamq:ahysulaimk(eeg flasropkoras edlotitnetiéxd mtymtekr,eradlnisefo@est i on

<FRin B C WPt o Tk hikpsa oe HEeR UL BRI B bifine

Aﬁb&lam%swobgrzemceﬁgeun@%ﬁ bl @élxa%ty R aédMtdaamelved &
al Sci ence 12). used herein, a

dlffrns@ﬂm@lg}nsa roergbrane tq letegact waiht am@ermsm E(xe;r;plarg assays useful for

i.cal instrument t.h s _the rate at whi ch
S0t 165 Rics ot sk TR ROl e SRR iR
| i ghTheueemis qﬁbﬁdmherhbdpfmaanﬁfﬁ@gw&ﬁﬁ ddn&?@é&)able of binding
Changes in this acidification rate can pbe used as_an

to HEIbBAY TSGR TRIHBOG ceF BRIPPORHUBL(adeaYKAPd dogouen Bkimage).

and/ O e B PR OHR Rkl LR
includboatyesstare pulbypdy pdar dﬁs)nmmdbmth,lsmdt ¢amnpeintl - dndetke ability
ofatﬁg ?e}g coan?po%% %or i)ltl-?l(ei (%o < rﬁfdﬂod}’!‘o%ﬂs@t@n%%@ﬁb e gy binding and
localization to the midbody scar. The cell, for example, can be of mammalian origin,
e.g., murine, rat, or human origin.

The ability of a compound to interact with a midbody scar or midbody scar
polypeptide with or without the labeling of any of the interactants can be evaluated.
For example, a microphysiometer can be used to detect the interaction of a compound
with a midbody scar or midbody scar polypeptide without labeling either the
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fornms of the protein are used, it may be desirable to

utilize a solubilizing agent. Exanples of such
wa@etoaidsrzi ng agents i nclude non-ioni c det er gePtBUS20061039237

as noctyl gl ucosi de, n-dodecyl gl ucosi de,
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i n which binding occurs between the nol ecul es, the
alfowyiie dwo enmpenintstioanterikt arddind depioomingranioerpldxethhadaalbe

re{nn %(Ee @ss(s% ] uld be maxi mal, A FRET bi ndi ng event
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Chem |, .
fluorescent energy will be absorbed by a fluorescent label on a second ‘acceptor’

molecule, which in turn is able to fluoresce due to the absorbed energy. Alternately,
the ‘donor’ protein molecule may simply utilize the natural fluorescent energy of
tryptophan residues. Labels are chosen that emit different wavelengths of light, such
that the ‘acceptor’ molecule label may be differentiated from that of the ‘donor.’
Since the efficiency of energy transfer between the labels is related to the distance
separating the molecules, the spatial relationship between the molecules can be
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63: 2338- 2345 and Szabo et al., 1995, Curr. Opin.
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of a test compound to a mldbody scar or midbody scar polypeptide can be detected,
for example, in vitro by reversibly or irreversibly immobilizing the test compound(s)
on a substrate, e.g., the surface of a well of a 96-well polystyrene microtiter plate.
Methods for immobilizing polypeptides and other small molecules are well known in
the art. For example, microtiter plates can be coated with midbody scars or a
midbody scar polypeptide by adding the midbody scar polypeptide in a solution
(typically, at a concentration of 0.05 to 1 mg/ml in a volume of 1-100 pl water or

buffer) to each well, and incubating the plates at room temperature to 37 °C for a
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bovi ne serum al bum n (BSA) at a concentration of 2
mg/m in Tris-HCO can be used. Suitable substrates
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| ' . di ||
rof iR, PR feen SRR (EPons i Moot e MR o Ll e
TPLEE (1 977PN N ISerndtivetie aisk@fhd ahtiodyUah BB uBéPoR dBte6iddh (c.g., a
i ncl ude an antigen, which can bé detected and neasured

lahgledhanfibedy fhat bings tothedismoetionfithasnti-midhpdy spargolypeptide
arﬁﬁ’)@&%ti onal nethods. Suitable antigens include
enzymes (e.g., horse radish peroxidase, alkaline

phosplwatalismatiagdetbetipal raethod; ithkam&ibod Scan of nidirdyatirc
| i.de e.g.,..serum,
p(ﬁ}gpe{)Plsg }s lgbe?ecf (e.gg, with a ra(flglsotope, fluorophore, chromophore, or the
like), and the label is detected. In still another method, a midbody scar polypeptide is

produced as a fusion protein with a protein that can be detected optically, e.g., green
fluorescent protein (which can be detected using an appropriate light source). In an
alternative method, the polypeptide is produced as a fusion protein with an enzyme
having a detectable enzymatic activity, such as horseradish peroxidase, alkaline
phosphatase, f-galactosidase, or glucose oxidase. Genes encoding all of these
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proteins, such as BSA and gl obulins, and mlk
proteins, such as caseins). In various nethods for
WO d@nvifsy: ng pol ypepti des, e.g., test pol ypept P@EES2006/039237
that bind to a m dbody scar pol ypeptide, the
conventional two-hybrid assays of protein/protein
i nteractions can be used (see e.g., Chien et al.,
Proc. .Nat] . Acad. Sci. USA,  88:957 1991); Fields et
oyl 1288 by TSt an iz abiS R e ISl aHGHOnGER e,
deded 2he f&sl&%%))ﬁeid—&n@ﬁélﬁﬂé 5h SitiRh - whibh 6AEbLad&téBand
Research, 23:876 (1995); Vidal" et al., Proc. Natl.
migsied Bith a polsalongBorrogi®laaBa0ibod9 9sing cementivial epethods.

Pr oG, tl.. d. Sci. [USA, 93:10001- 10003 96)) .
sl ahfons R suRtes (EBnDes i TR SR | on
pRésphatses eRbp-aal s todidard) Asd ﬁBn@niWﬁ:@fo}j@%ﬁ;@d&sf@gk Qérum

One fusion protein contains the m dbody scar

pwéfrei%émh B34 gediglobulins, prd milk profpisacuelyag @ecigdnai n or

DNA. i i . L LT ¢
O OG0 0 e PEBIORLRLIET £ 64 o, Bl
bindlty peptibatly scargedydeptids, txetonty et dobPwal-IngbridoasstoR®ifn or
a transactivator donmin of a tranipri tiaqn f%ftor. .
PR/ PERLDIB GHETPATSIRR PO MiPd(Ses g Ehicaiof alpdrec. Nayl. dheadSci.
US|, 83 9578008y, IFadldC&lal.) U 98t Ko, P83 f145 ﬁ@ld@tﬁtﬁ&e rgbﬁh? Nature,

contains the transactivator domain and the o
34012401 98P LeiDvugmebiln Nucteic Sids Biesairahg 2 387G (1995); Vidal et

oy 1306 S ot S D Pt Su P A oS ERlnd BT Pios N ncas
S&iausal, 93ReemNsEG0B Y1 999)). Of ypibdlyt e Egbridahb@bdd a¢bRE can
be detected by detecting expression of a gene §I1e., a
sion protein

recepitution Qévie penarible demapepabirgnseripiautagtor. aOmN
CFREHFRETuAAL 3 PRURARY e NP PO SRR g o
bi:ldimgfﬂébfair{joﬁlﬁﬁ‘d]gdﬁptﬁmd;amﬂfg. ,cd»f%\ﬁdly)t. Rt c_iltllaétlfﬁsi()ﬁip@tein

ram ontecn; .Falo Q . 1.T].0N - .
C%’&ﬁ%% fst %@@@H%%féﬁq ?%fhﬁh@{er[@ﬂgg’é‘!‘d“&ﬁ . elih qaatieatogyator
dothARQEY 3R PHEAMRE, tﬁl%ebhfultgggm%tg%ﬂﬁ QIsﬁfglerﬂoge! LN st

proteins or polypeptides of . ody scar,
céllnenmagaalian ¢ellygme of theduisianatabejss témdaisothe teasachizatosdamain

to,rahse-antibodi es useful he. met hods scri bed ..
iiQpk YR S50 mOFyr et Db baSisiileaten BShord Bning of
the esighddy @it pdlpseptilehe st fOINbdptiae Z@Andti@es tHeQfanscription
exanﬁge, Stewart, "Solid Phase Peptide Synthesis,"
fagfope ReEpPIstEEY of thg isnersiptien fagtor gyp be defeeted by deieating A

oA RIS R LRI iy G e
theuis bemtd By thie MNA dinding domain of the transcription factor. Kits for
practicing various two-hybrid methods are commercially available (e.g., from
Clontech; Palo Alto, CA).

Additionally, polypeptides involved in the removal or degradation of midbody

scars can be identified.
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Mol ecul ar Bi ol ogy, John Wley & Sons, New York, NY

1999 and preceding editions; and U S. Patent No.
wWa2@3/844224) . I n general, the peptides can be cPCpUSIH04/E39237

a carrier protein, such as KLH, as described in

Ausubel et al, supra, mxed wth an adjuvant, and

injected into a host mammal . Anti bodi es can be

p Bi.ied by peptide antigen affinity chromatography.
i cular, various host animals can be i muni zed

by i Fhﬁ@éﬂgqppfmetiﬁk @ pBBIpYPERE 08 thethidbby sdaY, %?'irh&%no%mé
ani mal s include rabbits,” m ce, guinea pigs,
frygmpts o a@ﬁngSathQrgoﬁ hmbec@nd txeramanub@dlemmeﬁﬂslethte meethods

aFIBRERRR Shel! SR Ier ER it B RSO ughes or

syritiestzal (@el fbr %ﬂ&iﬂpla$ta®é&m‘ﬂbﬁﬂ Ms)sre%pq&e sfd{ﬁésﬁoemeeman (1968);
active substances such as |ysolecith £ uronic

Sesbxpek ¢ abbMlsenlanslonprgp i laderatein Memﬂl Jd Sprirg Labiratory,

O e R R o e A OLER B R ol TRt in-
]\Mcylmkﬁalbgy,ﬂ ohn Péley8oSof) Netd oukl, Nam tl 0D ghdesreeddeng editions;
SRS TP 15 B LS e
prﬁﬂinh Qﬂgﬂl §§Kﬁﬂr adl8& cHibkdlil A JREHEL %ﬂéﬁ ‘3‘9{%} d, Hﬁké&j\g th an FdJuvant and

ol ycl onal anfibodies and, In ad nnnoc ona
lnme}dbu’m aabqst marrawsl z Adtibodiesanmdei poiridied by peptide, antipemhfinity
Ccha Ny an% i bodi es, Fab fragments, F(ab')2 fragnents,
hﬂﬂ& P antibodies dei nmuni zed anti bodi es,
nol eﬁﬂi&ﬁc&ﬁrodéﬁcﬁﬁ ho&iaffindls Eﬁ{b@mﬁﬁﬁﬁ%m 1|n{eeﬁ@1{ ¥ithand
antE%gn b|nd|ng fra%gents t her eof Monocl ona
PelHpg apéﬂle(lﬁmél}m stemimgle lmg@btetsmlqgogunwplgmnd rats.
. can, be
Vo Ras ek Be B34S ity e ARSI AL RGP BiEHEEE on e

hc&bspﬂelealadd ﬂichﬂié&?rdﬂd&&hﬂj@ﬁﬂﬂ%cbﬁphf@dﬁ@ﬁc&ﬁ;ﬁete) fnﬁheral gels such
exa | e, hl.er et al Nat ure, 256:495, 1975; Kohler

e R BgRoxige, sprfakgrishive Supsisntes Suglo FelySalBRIti, RBTORIe POIyOS,
mon% pé}fﬁﬁ@@ Q)lll’ enflil G0, k%}g‘lz)ﬁe hrﬁl‘affrﬂ% o'c?%nﬁet Qldlmtrophenol

nocl onal Anti bodi es a
U@fg]elmn@qn ad]}wantsggqlud%@mibamé@ CalmqtteSTmmrm) and n
art nonoc nt i an be obtained.b
B i PR e S Rlso RO 8RS B e St P Bitions of
ambbdjaﬁmecmb et bRScobaired i tHRURHSOARE ImmiiMiesd adimatdl t ure
such as descrlbed in Kohler et al. (Nature, 256: 495,

1975Anthndies for ue n drenenpmethodyimchide pptycional antitedies and, in

oL, Inof 5l QBB R it A BB aefbpaigE TR bt
ankiBadie Fah G2@meA@SB(ab') Alrebnidnes, EBR-ydfied datifodiec belingitized

antibodies, molecules produced using a Fab expression library, and antigen binding

fragments thereof

Monoclonal antibodies (mAbs), which are homogeneous populations of antibodies
to a particular antigen, can be prepared using the polypeptides of the invention described
above and standard hybridoma technology (see, for example, Kohler et al., Nature,
256:495, 1975, Kohler et al., Eur. J. Immunol., 6:511, 1976; Kohler et al., Eur. J.
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(Col e et al, "Mnoclonal Antibodies and Cancer

Therapy," Alan R Liss, Inc., pp. 77-96, 1983). Such
wapdoroodres can be of any i nmmunogl obul i n cl assPCT/US2006/039237

including 1gG 1gM IgE, IgA 1gD and any subcl ass

thereof. Hybridomas produci ng mAbs may be cultivated

invitro or in vivo The ability to produce high

R S o % FAB B eE Pl “Whoec Brdrtad s and 31 Geta

H9brid®nas! EE@\l’lelaNY hogi £5ustbel d 8E1ePrd)Or Specific
recognition of dbody scar pol ypegtl des, or fragnment

t her artl@}lalm@ﬁl@@lﬁnﬁla@tlb@ie& ambRe t‘aelmdphyt@wnmhmque that

' a s descr.i.bed
oK B P ARG MBI ATt EL B RGBS i e such
asr @am@mdziﬁ Kaomderler bl (Wexura, QB@ZWS S0as, dadat, 8i P&entNo. 4,376,110); the
frag rren}s thereof, are useful in the met hods descri bed

hyyapeBreell Bybridomadachniqyg Gﬁosgm @twéd%@uwﬁgabﬂodmwz,rﬂ 98A; Cole
el AITBDOAXSAY 4L D1 ;@ﬁ i ksQr [ 8203 g*%)églf@ﬁq(e i e)kéﬁ'mdq%a teghnique

fragnment thereo
(Cde elrah ﬁMdnbeloaaimmtbodres aﬂdbCeﬂldeu Therappt atlaoR. Dfss Anc., pp. 77-96,

1@%}3bg%ﬁ@&gggé{{gﬁ%@&%ﬁg@@ A AR v
%lb AndaAP ABE1RE Herdd?! H@%&dﬁ%ﬁx&ﬁ\ﬁﬁn %(ﬂn%b@ lﬁ{a%/' H%ecultlvated

conserved regi ons and appear
lna\fWP gem wyo. bihecatiilityrtp prosiuchhigh tlltﬂrg hf mmé:q e miay nmkes this a

QG peR B45% ot Bo %03 et andar d teohni ques of PCR

an d one: progiced| po19elohdllod nioAeclpAEDANEYRTi &5 St CdteodedE Secific
(Ausubel et _al, supra). Fusion proteins are expressed

recogritionsoff idbady pesr ipphyewt@@mg frageent theepb by Weiero blot or
r%hﬁﬁdiﬁé&'pféﬁbﬁ 'aﬁal%is g9 gﬁﬁ%ﬁ& Chel dAHd t%%b,%s r(}iie%]tnggh %rhéﬂﬂfbgl etal.,

cases esir a
supod)e Aritdodies dihit epm:lﬁ)fallbf oscoghizé amd indrto spéeidfyi sC:itrtgtot@fns, or

antisera. |l.n such cir.c or, three fusion
ﬁ&%ﬂé@% %@Hi@a‘? e ldil t@ﬁeﬁ%&dﬁé@we@%ﬂ%ﬁw PPl Sechn
aft®oliidh 851 BudeB iR aRimBASTssdyMO n{&%fs&lm % .nc?[h Bffragment

raised by injections in a Series, prefera udi ng
thgteof, émgrammhalag cbb@é“t)mxanmleam igerning thegmimmt or subcellular location

nts, techni ues e ed for the production
° q‘m"dg)ﬂ?e ?air?roéﬁlflt%r EWB I'son et al, Proc. Natl.
Acadin sSthe ddfiddiddiit§ &5ﬁbodl&98a4-e RRUSRT G E&grﬁénts ethé frdbody
312: 604, 1984, Takeda_ et al, ture, 314 452, 1984) by

scappqlypapiidenidatlimentside bighly srpserscdieeians @yd apncatlikay &7 be
oPABEEES| e LB APERILIS) ke bAGE UL e

exahpl e gudhafragnednty art wenantet &y smadard Aeahhiques 0L£PCR, and are then

cloned into the pGEX expression vector (Ausubel et al., supra). Fusion proteins are
expressed in E. coli and purified using a glutathione agarose affinity matrix as described
in Ausubel, et al., supra.

In some cases it may be desirable to minimize the potential problems of low
affinity or specificity of antisera. In such circumstances, two or three fusions can be

generated for each protein, and each fusion can be injected into at least two rabbits.
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antibody is a nolecule in which different portions are
derived fromdifferent ani mal species, such as those

whawirnogisa2 vari abl e regi on derived from a muri neCTBR20861039237
a human i nmunogl obul in constant region. Cenerally,
partially human anti bodies and fully human anti bodi es
have a longer half-life within the human body than

her a t| bodi Accordingly, |o dosages and | ess
APHEh TSR PR iniaiionn muh corlsh R OGP G i e throe booster
ifjéiohsiman anti bodi es. Mdifications such as |ipidation

can be used to stabilize anti bodi es and to enhance
upt ak?eothercbmbosign@ltpéﬁrémrcmes develaped for the pmduueorbmfaichknenc

al@} {< {Er%ré?rlll ld ?th” f‘wa‘? rﬁh?f*ff& %égleééﬁé eube}/ger etal.,

NbBir a,%z 60991084, Meaarém M@tire, 3 PLASD, 19S5 t%\gﬁﬁmg% g&dks from
S

the pr oduction of si ngl e chain anti bod| e Pat ent
a goyise antibady mpdecule o pppropgatesntigen sped] legyjoggﬁwr wiéth genes from a

h%ﬁ%g%ﬁ%ohynﬁﬁ&g}éc(ﬁ“ aﬁéfb%hﬁtecoh&b ﬁ@cﬁ?ﬁg Stf ét%%cli.ﬂéltcénmenc

scar protei ra nts
arttbaiin 1§imnbb0ﬁib drs which dlﬁbﬂ%ﬁdp(b&oﬂsl ank ddfrgJetiffﬁ)riil diffeteraadimal
| ht chain fragnments of the Fv re n via an ani no
ngeits SHFh %@Oser@gmgm Y414 }Prsg@rlﬁﬁmée QP 3 YIRS B0 ad a human

infREhROSha1H B g%gllp_at recogni ze and bind to specific
e

epi t opes can eherated by known techni ques. For
exanfkergraltyy phrtiallmdoean snﬁibudlietsdiad fulty lameamattibbdies hed 4 longer

nf ot T P ek bt PrsraBoes Ko babSl Pagrdpmnges and

lebd e Lﬁﬂfhdlﬁﬁnﬁﬁéltﬂfrﬂdré Al pbRIISIHAS whthehoRlisihdrn Bibodies.
brldges of F(ab') 2 fragments. Alternatively, Fab

Mediicaenssnch polinidation eaa ewe@@wﬁqmlma@ab@m@@p eghance uptake
T R0l bt FLRBRAI0N AR SR i i
dcc*ellsberdd:jf Gpéshirlcittay..(J Amtlulbdﬂinaﬁletnéeﬂﬁ Shadty 18088, 1997).
can,.In tur se rate anti
i zgﬁgf@a% Y 6@&?@%%?%@5?@%5 24igh of kiRglgrshg antibodies

|
(U Qolsﬁerﬁ Kids! 4?@467‘7‘7%,_ '3{8)4@1&'8@%?1%0?@4,@}) cﬁl{ ﬁni%%?éa, Bprétuce single

c}mwanzﬂbggles aGsy m1d1m<b'>@aauppre’gelmmn" fregmienss thazof. b$ingletchaia

e R AN KT O

arp&hmsasﬁilbcﬂﬂF§ assiengimarsifgle gRAL paliPe Cfﬁiatel -1 di otypes

that resenbl e a binding partner bin domai n of the
pr ot Antibodpdragmeatsdhafirecogbize@nd hindrie amcaﬁq grstopehéandierggnerated

PRFIEE b 01 Sl SUEREURL 1800 g i o P
fragménts tr]ihma;aﬂble@r(ahice&)bﬁ pqssmdlgesbﬁnld)f&d: anlmbb@;em&eulei gnd Fab
freigelgelnrtrs?tﬂgt' can be generated by reducing the disulfide bridges of F(ab'), fragments.
Alternatively, Fab expression libraries can be constructed (Huse et al., Science, 246:1275,
1989) to allow rapid and easy identification of monoclonal Fab fragments with the
desired specificity.

Antibodies to midbody scar polypeptides éan, in turn, be used to generate anti-
idiotype antibodies using techniques well known to those skilled in the art (see, e.g.,
Greenspan et al., FASEB J., 7:437, 1993; Nissinoff, J. Immunol., 147:2429, 1991). For
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Anti bodi es can be humani zed by nethods known in the

art. For exanple, nonoclonal antibodies with a desired
whemdiosg7speci ficity can be comerci al | y humanP@Bus2006/039237

(Scot gene, Scotland; Oxford Ml ecular, Palo Alto, CA).

Ful 'y human anti bodi es, such as those expressed in

transgenic aninmals are al so features of the i nventi on

’gﬂ"@@ @ng%o%gﬁ @ﬂf{%ﬁ% ¥Qsa4gu et Iygfszﬂj p@l)éggt% competltlvely inhibit the
bihdflpATRWihdin@Pattdet 88ahidholds @&r?@%}pg@ﬁle‘%ﬁn be ugédjtkagi}{erate

scar proteins can be used in’"the I ¢ or diagno
amfmm@tdpesdbatde@mhlmbmldmge:amtpexeblgdmgdomtamrojéhe protein and,

oSS  lARbn pita SHOERR U

um 1@@nﬂb&ﬁ&cbt Fob #Hagmeal odlssch @ﬁaaicﬁ;(ﬁlb entiRa@etchn 8e Qfed in
er therapeutic nodalities, aser abl ation

f@ﬁ#@@“ﬁﬁgﬂﬁﬁmpresence of n1dbody scars to renove
Y PERREBbLE Rt MRhEE BT hdds Miblh FP1E 35 #30 Blinple.

unors, or skin [esions s psor i a esions,
mbheclein ahtileatiespric a desirat blmlm:g @feaﬁ' ieity Em’rbeemmnblmalltyhﬁmanized

S?}P %?1% A lf?l{ﬁjg 8&3@83\%? g\-ﬁarlr: g%@{}g?g ggllée %p@% hg%%g %;mbodles such as
th%@é‘é@r@és&glnGt?di‘@ﬁé'n?dJﬁnﬁlbﬁ%E"ceﬁso R 93"6'%‘ tﬁmggk eert 81,

s in the sanple are fixed an contacte one
N@mrmﬁp@et@;s,t% bbal,d9% osea ajsolU.BeRetende 5 54 5B O amt 5 669,525).
m dbody scar. One of skill in the art would be able to

Tﬁe% LLNe et h rcttjshe% dividing cells, i.e., cells with

Tﬂﬁ%vr—oﬁrﬁg&%ody—s cars, are cancerous cells. For
exanphgbodiéeo peidbaiit @@ﬁpr@fend;i cah Ok RgedCialth&apautit B diagnostic
sampl e coul d he conpared to a referenc l e that

medigsaw gﬁbq@élebeém Cetht 'og@rest therapsicn gr g@gﬁgp Fojeties to a
S%Bgﬂbﬁlmeﬁs wﬁlemtn‘ﬁﬁﬂg& sY:ﬁJ‘sy fIde%llﬁ%{itldm c%il?ha\ﬁﬂgﬁmgtﬁ‘)gg scars

ogy or pres nce of “cancer nmarkers
cdmealsws@xabledh@targatlngnﬁoﬂhea@nwemalhodalmemIel g Hasdriablation based on

di sor der b ars can al so used .sal ate
PRGBS 1 Bt e hypero CigHag st Gt Gssues such
astifhoBy, OYkIEA B oh kuch s&ﬁét@@m@ﬁs Ghd fhefeBl tRRPrbEREARRYisease.

|nclud|ng reversing, delay |ng the progression of, or

33

pr evBonaxagple esteation of midbedy sears castbearsad tcndstens prodiferating
e?l@ qn E @&ﬁ#]{el%ﬁﬂ)egteﬁl bP ﬁ e?ﬂ? § rcggcaelngﬁsnc%sge%ng?%eog?g grglgodal thents, the

Issue arter “an n ur

caliy b tediampld 438 kel amtbontaatqdrmvh olee cﬁf&ﬁcﬁl’ebnﬁlﬁtdh@lb dqm'rﬁieptlde
pr ogeni t or lls to regr Kinin SchJileCts who are

ARt Rl RIbog) gar. Qe p’%@?@ i e RTtsuld b wile i detgping §hether
thk "Elf\g@ihg Eglgéag g eggfrs]'vglﬂlsi%ﬁ%ﬂéﬁ%rsog gﬂ? b rcﬁ/ta%gﬁ,r ar€ BhdRrous cells. For
exalple dhepdreatagent dividing beltsahltise saAipl@cavid be/eadrypared to a reference
s ani%&gg}eggept 3 R TRrees: atgg of EIV} r?g égllg ?r? g ¥10rma samp e. Aelternatwely,
other indicia, such as morphology or the presence of cancer markers, can also be used to
confirm a diagnosis of a proliferative disorder.

Midbody scars can also be used to isolate proliferating cells, e.g., stem or
progenitor cells, and grow them for a multitude of clinical applications including

reversing, delaying the progression of, or preventing degenerative diseases such as
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toxins (e.g., proteins, radioactive nolecules) to kil

highly proliferative cells, e.g., cancer or psoriasis
w@eior®445my | i nking toxins to antibodies to PCT/US2006/039237

extracel | ul ar conponents of the m dbody scars, or a

dye or other |abel that can be bound to the cells that

contain the scars and then selectively heated/kill ed,

0., by | rs tyned to the, parjicul ar absorptign ) )
%@@%rfygﬂ*ﬂ%&rek‘{l% H{ECASTS, FpprIng SRLEHEEs tla%@@%%@ulschemw
'rﬁhﬂ?r,eé. ., bfle¥nGocaadihl RRHURS, fo%rHli i i
' po ypgpt i %Ie_s _gre 'errpl oyed m&rﬁxﬁgg%a?%ng%?plgg}m progenitor
callsdprpeezow skriniin isibjg¢ta ghe aes ipackd thedtod cagynobidcts with ssvere burns,

I.si ng..at .l east, oane such specjfic .antibody
o RO B Rl 2, S SERE GRS Rt SiRade, beaed for the
clexasi@iAation 6f §lchregal settings, to di agnose subjects
exhi biting synptons of disorders associated with

aber piamabygly.cnsibedienio compoaenss afthd sidbodycicgpeptbediesd to target

. . .an ant.i.body o
R R ST T —
ompsdtiasdy cellsaby binkiag aadinls t6 antiteliesse dxiracelliRr BoRpMRhisOT the

0 conpositjion, e.g., .a therapeutic or diagnostic
g ST G 2 A ok 8¢ el e o b Bpansclaihe.cess thar ontain the scars
i dddt ' he 8 i :
N e e
wayeldngtlyoibadydpnldbelg conpound. Met hods for maki ng 'such

ot "o nBiBas AisEit e it T wlicaGiinedsto siflody s pypeptides
arBéipldyed nZ Y/ JeeBEnRsd -forﬂ%ﬁm?lwgﬁ? ﬁtitﬂziﬁg &@J&k%&gb%;%smg@c kits

target drug nol ecules to ce at contain

cogpising at heasbere wigh spRcHioransibodihdeseribeshimseing Whick nwarbebe

1SS0 : .ate ith cellular .. ..
5o B, L8 S AEALH Ay MRS v
syslipgansief disordeds ws® chitdierits s e@fafte:preskioawiati€leld acids or
rthritis, idiopathic pulnonary fibrosis, scleroderng,
PAlYREPHAST s of the |iver, |upus, vasculitis,
end WXy ' fd ' . tatiC 11
OB O8h50, Ue8 o ) g 9Ly
thersof) itlzes ibsyds dm d ngdmkyrscarenng celloan diesedin thapmdoetion of a
CAFARHELLS, R T0S e SRS ORR L s ESEABEhLS: st
diagtokticoptPfichtad a doNiE AStin, ABRRVAHBA c&ﬁﬁ&&fdsandglrl%etectable
0

ot her enbodi nents, these conpositions can be used

lahedrtgdhe @idhgdpseardindingeaneround. dMgthedsifar miaking seeh ¢ompositions
' ni ai ' r R : ry

ord Nyl B S B MR SO Vo TRenl g Qs B uss.
Patléfibr Bid. 2006/ @FI8639. Bled dowigoyitions Cdh iy weé kdrtirded dhugdfelecules to

I]rgr exa Ie,_éoins such as aprin, ricin A .
CeHR PRSI HB PHEDOGs AT o b FAIRS BRBRUWIERLS, BsersopmoRiEenycan be used
to &R dsor@Ere b&loBRtedUith &lulay BRiliferation. Examples of cellular proliferative

disorders include atherosclerosis, rheumatoid arthritis, idiopathic pulmonary fibrosis,

scleroderma, cirrhosis of the liver, lupus, vasculitis, endometriosis, uterine fibroids,
prostatic hyperplasia, nephritis, skin disorders, e.g., psoriasis, and cancer, e.g., carcinoma,
sarcoma, metastatic disorders, or hematopoietic neoplastic disorders, e.g., leukemias.
Specific cancers can include prostate, breast, and ovarian cancers. In other embodiments,
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necrosis factor, al pha-interferon, beta-interferon,
nerve grow h factor, platelet derived gromh factor

w0 p@serspt asm nogen activator; and biol ogi cal PERpPsINSE039237
nodi fiers such as | ynphoki nes, interleukin-1,
i nterl eukin-2, interleukin-6, granul ocyte nmacrophage
colony stinulating factor, granul ocyte col ony

stinmulating fac r.other growth factors

st f‘t]‘é%‘%sétb"%é & behseddo éaéﬁgts‘ia&%g@t? peieficy tgesellgyintro or in vivo
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to thereby produce derivatives with |ncreased

Pharmaceutical Formulations

Once a candidate compound that binds to a midbody scar has been identified,
standard principles of medicinal chemistry can be used to produce derivatives of the
compound. Derivatives can be screened for improved pharmacological properties, for
example, efficacy, pharmaco-kinetics, stability, solubility, and clearance. The moieties
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Compounds and their physiologically acceptable salts and solvates may be
formulated for administration by inhalation or insufflation (either through the mouth or
the nose) or oral, buccal, parenteral or rectal administration.

The compounds will generally be formulated for parenteral administration by

injection, for example, by bolus injection or continuous infusion. Formulations for
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The compositions can also be formulated for intracellular delivery of the active
compounds, using methods known in the art. For example, the compositions can include
liposomes or other carriers that deliver the active compound across the plasma membrane.
Vesicles that are covered with membrane-permeant peptides, such as Tat or ‘
Antennapedia, can also be used. A number of other methods for enhancing intracellular

delivery are familiar to those of skill in the art.
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. 2003, J. Cell Biol., 161 :535-545. Hela cells were
imagingseert atthgdiker evi ousl y described (using
Li pofectam ne(tn) transfection reagent, |nvitrogen).
Cel | s undergoi ng cytokinesis were fixed and stai ned
si mul taneously with antibodies to MKLPI and g-tubulin,
as well as 4'-6-D am di pQ-,4s yl i ndol e (DAPI), using
st andard net hodol ogy. Aﬁ%ﬁgﬁ)\ggﬁgg to the foll ow ng
Exanflei nAnidKé P siaitive Rihe L Gxodioe £3hePEJdadurlrisaT @bkinesis
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nmet hano | one as previously described (D ctenberg et
Aljpells were grown using standard methods, see, e.g., Gromley et al., 2003, J. Cell

Biol., 161:535-545. HeLa cells were transfected as previously described (using
Lipofectamine™ transfection reagent, Invitrogen). Cells undergoing cytokinesis were
fixed and stained simultaneously with antibodies to MKLP1 and y-tubulin, as well as
4'-6-Diamidino-2-phenylindole (DAPI), using standard methodology.

Antibodies to the following proteins were used in the Examples described

herein: a-tubulin and y-tubulin (Sigma-Aldrich); Aurora B (Transduction
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2A). This structure is likely to be the remnants of the midbody ring from a previous

mitosis, referred to herein as a midbody scar. A prophase cell was fixed and stained
simultaneously with antibodies to MKLP1 and y-tubulin, as well as DAPI. FIG. 2B
depicts MKLP1 staining. FIG. 2C depicts y-tubuliﬁ staining. FIG. 2D depicts DAPI
staining of DNA. FIG. 2E is a merged combination of FIGs. 2B-2D, in which
MKLP1 staining is pseudo-colored in red in the original, y-tubulin staining is pseudo-
colored in green in the original, and DAPI staining is pseudo-colored in blue in the

original. The midbody scar is enlarged in the insets. The midbody scar contained at
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g-tubulin, and DNA (FI Gs. 3A1-SC5). FIGs. 3A 3A5
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MKIPI. FIG. 4C depicts DAPI staining of DNA. FIG. 4D is the merge of FIGs. 4A-
4C, with a-tubulin pseudo-colored in green in the original, MKLP1 pseudo-colored in

red in the original, and DAPI pseudo-colored in blue in the original. FIGs. 4A-4D
show an interphase cell that contains four visible midbody scars. This demonstrates
that after multiple round of mitosis, midbody scars can be accumulated in cells. At
the end of cytokinesis, the midbody was found to retract preferentially to one of the
daughter cells. '
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todfifférepiite GRS ARY/EAI {na@kﬂh peroxi dase (for

paraffin sections) or coupled t'o a fluorescent probe
( f or Thase zeshlts demonstrate. thatmeidbodyhesassalistiibuts peaferemizdlyadther

. of. m d det ect ed ' k
oA R TR0 58 A SRR
mbotagrehter fhte than idtdragiatdddelsly T efose, IKiabailyEcste @tbuseful

ol tig,n,dorocedures can be adapted for use on mtotic
matgeysdor dividing cells, e.g., stem or progenitor cells.

Example 6. Identification of Stem Cells in Tissue Culture.

Cells are fixed with formaldehyde or methanol using standard protocols and
then stained with one or more antibodies to proteins listed in Table 1. A fluor-labeled
primary antibody is used, or alternatively a labeled secondary antibody is added to
visualize the primary. Standard immunofluorescence methods are then used to image

the midbody scars.
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to interphase cells to isolate m dbody scars. These

nmet hods are preferably used on cells with high nunbers
w@boomogtsorly scars; these cells can be sel ect edP@EEUS2006/039237

descri bed herein, e.g., using a cell line stably

expressi ng GFP- MKLPI, a m dbody scar marker to | abe

the scars. Cells with high nunbers of m dbody scars

can be isolated by flow cytonmetry using known

cytonmetry techni ques. The methods can i ncl ude

depoEBy#fplez. N8erdtifRaB61 bMSteR- Chlls it TiRge S¥dRaHal asi n B)
and/ or m crotubul e network (e.g., nocodazole) to

r el ed8ddantEy sty inspasaféinfor nrerhiésspe sectiansyindxeatiens are
Y J totic .cells except for the .
T it e E 2 RAE ol P MBSy et Sandy gpibody
isiuseds rephasecomlars antiModh eoypleCRIMbra radisk pbk Rsdfor paraffin
affinity chromatography, e.g., using antibodies to a
S%P@SS@&F?%G%@@%%WWW@%@% fmysayectivas)s Trent the @gapions
. . Co 1 . ' h o
o DA R Ol Ml «Dirp GO BB GPE Trdifc
appmepripgd fofr ithet seavndany ar@ibaBRuENBODI MENTS A nunber of
enbodi nents of the invention have been descri bed.
Nevertheless, it will be understood that various
nodi Ex @bl 8N IsdiRih i dHBEE S hout departing fromthe
spirit and scope of the invention. Accordingly, other
enboldnenen myd iggletionprotasus ope bo hidaphed foo uscomi migotic cells

j ALMED.IS: 1. A nethod of detectin
toipftaRsc a3 o Bl SR oo apres i i v Ly ¥oud on
celllb evithEti ot beme bf &iidtiidy God; akdse el PcaiEFERIdcRRA a6 Bbdcribed
syspected to have a m dbody scar with an antibody or
hegeipy G@nvENH A CAlY lipe piablyexprstsingEFP MK LB naimidbody scar marker

tod s el seak! Chif w'i‘th%‘?%h\/m&sd& FRTBEY §&&sl<9a{n_ 1B 15839&%8 Y flow
scar sel ecte romt e group consisting or, an
cytenenyt using kiavdh ogombtry teehaintésh Athy rhahodsscan iridlgin,

PP ing ol P g po R i B B0t eroPHG nebr TG
(e%& en@g@da%bﬂa) toMRRS S the HIBLRD KRS B!y %sﬁﬁ rﬁ%ﬁﬁny om

roup consisting of mtotic kinesi e protein 1
( MKUMKYLP 1 degraded inmikdtie celds excapiufor the; midbody ssoawmbceiated
.0t €] kDa, (.Cep55); an .gra_B kinase.. 3. The. .
fr%?xﬁrgbdlﬂglg }S)%rlshsf:s%]n &e@bﬁ%ﬁeg?ﬁgﬁ(ﬂ)oﬁy scars are 1solated by a?ﬁnlty
chromatography, e.g., using antibodies to a polypeptide component of the midbody

scars or to GFP, with or without additional biochemical methods to enrich for

midbody scars, such as sucrose gradients, and gel filtration.

OTHER EMBODIMENTS
A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.
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contacting the mammalian cell with two or nore
anti bodi es or antigenbi ndi ng portions thereof that
we2wh/obismd specifically to a pol ypepti de conmporenusSmwhe/a39237
m dbody scar, and detecting binding of the two or nore
anti bodi es, wherein col ocalized binding of the two or
nore of anti bodies indicates the presence of a m dbody
(Y od of claim4, wherein the
Vg§@953$?P§EﬁP§§i€1ected fromthe group consisting of
mtotic kinesin-like protein 1 (MKLPlI); Epsilon
t upul i ™ fgthod Ubﬂéthcﬂ?n’g th& pieb QRO ORh nffYdS sCariR b Rammalian cell

(Cep55); and Aurora B kinase. 5. The meéthod of clarm
1, whethsipethpdcemaptising i n i nt er phase. 6. The nethod of

claiml1, in . the mamml i.an cell..is a fixed cell. .

7 “rhe. eP A s gn IR o el haf & 45 Shar i an
a pat hahtitgyty op estigearbind@ing pogionelidiess thit beddaisfrdifically to a
wherein the cell is in tissue.9. The nethod of claim

1, whePelvpeRtide campppate! 8 midhadyses-ssletgr fpop retarown

t her eof. St r linked to a detectable noiety. 10.
The ne%?lrt)s%tlggugl%glam 9, wherein detecting binding of

t he ant i bdeycting tindingnf thgentibwmiypo iits estighe; ehticigbinbi@g of the

detectable moiety. 11. A nethod of jdentifying a _.
di vi di AaHboAY Padisates téBB{ﬂS%I}CFSEaBFS‘PFﬁWﬁPﬁ in{fle. @Rmgmalian gell

nmet hod conprising: obtaining a popul ation of mammal i an

ce.l's Themkihdidd cRim!183BEref e pBlybeHRAE S8 PiroR8hE Broup
a dividing cell; and detecting acell having one or

nor e nfABBEYS eEmitetic Wnesiailike pratein! WAKLRY); Epsilar tubline(e-
i dbody; 5S¢ i S il di |l .12,
The. et batidg Pehfor T blotif 800 trdts )i dbirubiap e

cells conprises dividing cells and non-dividing cells.
13. Théhemethod obtlaoh di congrisingher ei n t he di vi di ng cel |

is a cancerct)u cell. 14. The t{;od of claim11, .
wherein t & Qﬂ%{}g gf%@%apal? gelwit E‘ﬁ‘? B mFeRjiipeligs or antigen-
cel |. BiadingertiHRk ARGed¥ih 4 leRdiBitd spdctidall§ o 5?8%?%}%%&&3

identifying cells having a desired nunber o
scar s. component of a midbody scar, and

]

detecting binding of the two or more antibodieé,
wherein colocalized binding of the two or more of antibodies indicates the

presence of a midbody scar.

4. The method of claim 4, wherein the polypeptide is selected from the group
consisting of mitotic kinesin-like protein 1 (MKLP1); Epsilon tubulin (e-
tubulin); Centrosomal Protein 55kDa (Cep55); and Aurora B kinase.

5. The method of claim 1, wherein the cell is in interphase.

6. The method of claim 1, wherein the mammalian cell is a fixed cell.

7. The method of claim 6, wherein the fixed cell is in a pathology specimen.
8. The method of claim 1, wherein the cell is in tissue.
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16. The nmethod of claim 15, wherein the desired nunber

is 0 to 2 mdbody scars per cell. 17. The nethod of
w@b@7iu4h3 wherein the desired nunber is 4 or POTI/ES2006/039237

m dbody scars per cell. 18. The nethod of claim 15,

further conprising selecting cells having the desired

nunber of m dbody scars 19. The nmet hod of clai m 18

fuyrthe |S|n a he sel ected cells.

e netheBeBodt ﬁﬁﬂfwtli i @nfelaﬂﬁpfrqrépﬁﬁ%eweaﬂlagmﬁglon
the Sehﬁ?éo?@s Hb%hh%r ﬁﬂked—%% JERIChBE Rbies). @l m 11, wherein
identifying a cel th one or nore m’dbody scars
conprises o tlcaII detectl the presence of a

cel® ul Fhe me h@étoﬁ rcleum Qv wheretrodqsteting imsling of the antibody to its
char ac bady. 22.. The nmet hod of
claim ﬁ{é Wher F%Sop e%xggﬁvdgge{:%g |rﬂ(§11 ®Bhe presence of

a cellular structure conprises using phase contrast

nildr osAapsthodofidattifymgtanividirg cell2B a pdpsiativet dfadar@imalian cells,

claim ein the analysis is automated. 24. The
met hod&’ﬁfm%ﬁ%f{?ﬂnﬂm%er ein identifyi ng acell with

one or nogk ﬂhgggg% t
‘popul ati on g# cel suﬁﬁﬁﬁ%gﬁ W%%%??% e ant |Shggﬂlgﬁton60dl
ant i gewspecmﬂ cvfdneplyatdlmdmgxmﬂearﬁd t hat bi nds

specifica 1o a | ypepti de conpo t of a.m dbod
scar; an dde&%(itl@gtai Cﬁg %B?{ ﬁa CHY OB]F“Ofeﬁg ‘@’85% 8y WeLER p B%u]ly
tot hehdi@ﬂl RRrinttie c?f's@alj@ e e &ff astahﬁvﬁﬁ{g‘T&ﬁdy

i ndi cat es the presence a m dbody scar

nmet hod_of cl aim 24, erein the pol ypeptide conponent

ofi2a nflfwaiiod ofelain 1 bévlé%@ledhq pavlatien of pellgromprises dividing
consi s{dm neS| n-like protein 1 (MKLPI);

Epsi | on t%@ﬁeﬂh%g&?%géi in); Centrosomal Protein 55kDa
(Cep55); and Aurora B kinase. 26. The nmethod of claim

24 3. whBlheinethpé of deimett, heeiarhd divayngoeellant icgaerdisrdilng
portion thereof conprises a fluorescent | abel. 27 The

h f d f I
A0 B 8 LTS B LR 5 S5l o

presengH. of quorescence fron1the det ecti bl e anti body
or antigen binding portion thereof.

15.  The method of claim 11, further comprising identifying cells having a

desired number of midbody scars.

16.  The method of claim 15, wherein the desired number is 0 to 2 midbody

scars per cell.

17.  The method of claim 15, wherein the desired number is 4 or more midbody

scars per cell.

18.  The method of claim 15, further comprising selecting cells having the

desired number of midbody scars.
19.  The method of claim 18, further comprising ablating the selected cells.

20.  The method of claim 18, further comprising isolating the selected cells.
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28. The nethod of claim 27, wherein detecting the
presence of fluorescence conprises using fluorescence
worR@rossepy. 29. The nethod of cl aim 24, wher eP@I/UR®06/039237

detection is automated. 30. The nethod of claim 24,
wherein the detectible anti body conprises an enzyne,
whi ch when provided with an appropriate substrate
prgduc a praodyct .that is detected. 31. The net hod of
eIk m The gl S s S el v fisomm s are
subj ecin; 6418 doRbrifta bhhealR deftih ' LS04

1(?%% o1fpris }3)1’ 1?,! 1&9%%&3%&96 Hbfar

32. The d of claim3 urther~ corpri si ng:
det er nbtmigtgrethreing arasphnl egjeal chareetietistias of o meidsatypicer. t hat
have a sel ected nunber of m dbody scars; and conparing

t e ficelhs in the,. Le to ref erenc
22, o THERICARD o oot o whiteh M B AP AGed e Tnd BEREREF
does nedllutd\saruetufy @nipriseLisivepltis € 66:HRiE mivieycepyitolhelyze the

presence of a significantly higher nunber of dividing
cells & 1-corrpared to the reference sanple indicates
that the subject has a proliferative disorder. 33. The

MeBhodTRE nfetiidld'Bf 3thim VYRS RLBintthe aifi id s %Pf?)trﬂa\fé?i. di sor der
is selected fromthe group consisting o

at herosclerosis, rheumatoid arthritis, idiopathic
p@tonghgmethed @f ckim 4 ¢ wheseiaridentifying atvol imgthafneton enore

liver,_| wovascul it endonetri 0si.s terin

fi br oi 182,‘%5%%?8%%@??‘@1!’ Sﬁ%é?%?‘g%n 1e R%tgﬁarqo{nio cellgyih e

di sor déstectibbeshtibadg 6r antigén-bidden dwirhes tHefeof tiak pindd ,

further conprising isolating the dividing cells. 35.

The rre?l’rﬁ’ﬁlé‘lcéﬁy ta apqlyneptide WWWHEW@JOE@ seatpadi ng

t he isol o\ O j r . .
condi ti oﬁ%&g’c&% :ﬁg@é%oﬁgé g?tg%}.{bé‘g%gmé’ggG?Jg‘t%ﬁ%’%‘/pc%?“de’ wherein
di vi di bigdingloif $he @6bodniniatea tiecradedboalya modbod§ sem a
manmal i an cell, wherein the m dbody scar conprises

Lioti.g kingsi,n.like.pratei.n LPl.),; Epsilon .
Ul | B BB 2B st VRINs e BeeRbot a midbody
( CepSSycar Brelebiet Glom Be lgfdh@%%nsisting of mitotic kinesin-like protein 1

(MKLP1); Epsilon tubulin (e-tubulin); Centrosomal Protein 55kDa
(Cep55); and Aurora B kinase.

26.  The method of claim 24, wherein the detectible antibody or antigen binding

portion thereof comprises a fluorescent label.

27.  The method of claim 26, wherein identifying a cell with one or more
midbody scars comprises detecting the presence of fluorescence from the

detectible antibody or antigen binding portion thereof.

28.  The method of claim 27, wherein detecting the presence of fluorescence

comprises using fluorescence microscopy.

29.  The method of claim 24, wherein the detection is automated.
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30.

31.

32.

33.

34.

35.

36.

The method of claim 24, wherein the detectible antibody comprises an
enzyme, which when provided with an appropriate substrate produces a

product that is detected.

The method of claim 11, wherein the population of cells is from a subject

suspected of having a proliferative disorder.

The method of claim 31, further comprising:

determining the percentage of cells in the sample that have a selected
number of midbody scars; and

comparing the percentage of cells in the sample to a reference
percentage representing a sample from a subject that does not have a
proliferative disorder;
wherein the presence of a significantly higher number of dividing cells as
compared to the reference sample indicates that the subject has a

proliferative disorder.

The method of claim 31, wherein the proliferative disorder is selected from
the group consisting of atherosclerosis, rheumatoid arthritis, idiopathic
pulmonary fibrosis, scleroderma, cirrhosis of the liver, lupus, vasculitis,
endometriosis, uterine fibroids, prostatic hyperplasia, nephritis, skin

disorders, and cancer.
The method of claim 11, further comprising isolating the dividing cells.

The method of claim 34, further comprising expanding the isolated dividing
cells in culture under conditions sufficient to provide a population of

dividing cells.

An isolated midbody scar from a mammalian cell, wherein the midbody
scar comprises mitotic kinesin-like protein 1 (MKLP1); Epsilon tubulin (e-

tubulin); Centrosomal Protein 55kDa (Cep55); and Aurora B kinase.

38



