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TECHNICAL FIELD

U This disclosure relates geoneraily to the felds of wioleonlar uology and
TNTONCOPY. | hed hevewn are dovives, systems, and methods for fixing sad staining colls and
detecting ancuploidy i colls,

BAUKGROUND

{ Cuonlating fumoy cells (CTCs) are cancerous celle that wre shied fro the peioary
iy ansd have entered obreulation @ the vasculature or hvmphatics, Some €TCs hegome

embedded In 8 micrenvironment of the body that i3 condusive 1o cancer growth, resulting



molastatio cancer. Such motastatic cancer e x\\miri

12003 *The pathogenesis of canver motastasiy the
Rey {aneer 3, 453488,

{48} Hecaose of the key role of OT0s i the pathogonesis of melastatic dissase, UTUs
have boonme gn inlonse and active grea of vvestigation, Conventionally, UTCs have been
wantified using phivsteal proporties, such as density and cell size, cellswrface related wackass,
awdior tnnmune properties of the OTC, Unfortunately, such physical proporties, coli-suviaee

refated markers, and wmmmne proportics way also Wontify healthy cells that do not contnbute o

disease or fad to detect relovant, pathogenin UTUs, For example,
wWentifies U in breast, colorectal, and prostate cancer wsing postiive stalning for both epithelial
gell wthesion molecule (EpUARMY and oyvtokeratin, However, when 30 breast eancer cully Bines
wore oxsmined for EpUAM oxpression,

e

suggesting that this 2% would have been mis

al, (2010} “Moleoular blomarker snabyvses

% Cther methods o tockicues for identify

AR

permeabilization Gendering the cell poeless for most subseguent analysis), dependent on EpCAN

{see above}l, dependent on highly variable markers or p
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are v longer vishle st ihe ond of the method

3

{4y Further, methods of preparing colly R snadysis fyploally damage

-

o

nssue and resull m the apposrsnce of snifhots, autofluoreseent ¢

disrupted coBlolyr menbranss which can obsoure rare ooll populations. Naeh methods we
foatives cluding cress-linking Sixattves {o.g, formaldehyde, paratrmaldehyde, sic) ar
precipilating fixatives {o.g., olhanol, methanol, oo}, These Brabives alse il o presorve e
ribonnclere aoid {BNAY of the colls, making suleegquent gonolie snd tanscriptome analysis
diffioult i not nmpossible.
{11 Additionally, 1t ix ofton difficnlt to stain for multiple collulay Mornarkers wul
fearly distingnish the stamed featorey of biclopical charactenistivs from the unsiained eollula
featpres. Blocking buflers ave conwmoondy wsed & bnprove staining specificity, desrsase
hackground staining, and tnywove signabo-neise ralio, Agonts ranging fowm ol © nonmal

senvn to gy murified proteans have beon wsed in Bocking buflers o bind free sies on celis

NS
T



and o reduce nomapeciiic binding of antthodies fn g staln. Hoswever, connnondy usad is%m:étiis;;

buffers are inadequate for rave colls, multi-anttbody staliny, and stains roquiring

Huorophoves.

3 < S

133 Thuy, inoreasing the abibity fo analyee and chavactenze CTCs at o molecuday fovel

will enhancy canger sorogning sud therapy, thereby reducing the need for invastve procodures,

anch as Mopsies,

SUMMARY
13 One aspect of the presont disclosare v divected 10 2 reagent systemn for fixmng
celfs, In some embodiments, the reagent system molndes: 8 fivsd fiving buffer comprising: of leaxt
3 wiv of a ficst hydrophilie polymer difuted In an alooholl and a second foboag boffr

conywistmg at least 8% viv of a second hpdrophilic polvmer, af least $.01% vwiv of a detergent,

snd ot losst QO08% wiy of & chrome alum In some cmbodimonss, the sceond hydrophilic
polyvmer, detergent, and chrome sl are dilsted o saline. In some sobodiments, the frst fixing

buffer is applied 1o the colls at o tomperatare colider than -5°C,
14 Another aspeet of the prosent disclosurs ¢ duected to a roagont System Ry foung
: i B

cellx, In some embodiments, the reagent syxtom mohudes: a first fixing bufler comprising: 36 to

2% wiv of a first hydrophalie polyvmer diluted o an aleoholl and & second fiving buffer
comprising: 3% to 30% viv of a second lnvdrophilie polvmer, 8016 0 1% viv of a detergem,

3

and S008% o %% wiy of a cleome alome In some embodiments, the second hyvdrophilic

podvmer, detergent, and chrome alam aes dinted 0 saline, Ta some embodimenty, the firmt fixing
bhuffor is applivd to the oolls &b 8 aaporsture bebwes SO0 and -390
{181 Another aspoct of the present disclosure is divected 1o 3 reagent aystam for fixing

cells. In some wobodimenty, the roagent systere meladex a finsd fixing butfer cowmpening 9%

wiv ol g Hestl hedrophilio pobyroer diloled 1o an sloohol; and 8 second Bxing bualter ‘omgezi wg

13 %6 vy of ¢ second hvdrophidic polvmer, (4%

sham. In some emtbodimentds, the second vdrophilic polymern, delergent, snd chevme alam are

dilnted i sabine, In some owbodiments, the firat fixing buffer 1 apphed © the oulls af a

tenperatire solder than ~15°C
{isd I some i‘ti‘s‘}i}{}{ﬁi‘s‘}{ﬁ}iﬁ? ihe  first hydrophilic polymwr & oue of

polyvinyipyreotidone and glyee



147 I some ewbodiments, the second hydeophilic polvmer i one of glveseol and
maivvinyipyorolidone,

(1§} Tre some enbodiments, the slechol i wethanell

f1% I some ombodiments, the detergent v s polvsorbate swatant Iy some

cmbodinents, the detorgent s polysarhate 20

38 In sovne ambodiments, the fest and second hydroplalieo polyaser ave the sane. In
sorae crnbodinents, the fivst and scoond '%i}férogi itie polymer are diffevent,

23]

In soang om

M Fiesretened fwy e S T 31
> 1 ghirected 0 & reagent Bor foang 8 cell

wiv of 8 vdrophilic polvmer dilided in

an alcohol In some embodiments, the reagent is applied o the cell al » femoperatre colder than -
;QQ{":
122} Tiy some ambodiments, the coll s a oivculating tumor coll. In some embodiments,

¥

fhe coll i3 smbedded i g fisane seotion.

w‘ v

33 Ancther aspect of the proseat disclosare is divected 1o 8 roagent for blogking non-
specifie banding sites on o i a oofl helore staining o doorease non
exnbechimonty, the reagent nchudes) a hydvrophibie polymer; a dutergent; and s‘zv{i;‘(}ﬁij_y‘;ﬁe{i catiagen,

In some ombodiments, the hydrophalie pobomer, delergent, and hydrolyzed collagen are dinted

{341 Another aspect of the prosent disclostrs 15 divected 1o a reagent for blocking non-

apecific inding sites on o B a el hefore

aining. In some
nboctimnents, the reagont includes: at foast e vy fi}jsf{\\i‘(?ii‘}:hifﬁ&;? MW gr; b foast DY wiv ols

gdotergent and at loast 81% wiv hydroly
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polviaer, detorgont, and bydmlveed collagen are
135} in some embodunents, the reagont further includes: ol lpast UM Glyvoine,

1381 Another aspoot of the present disclosure ix divested 19 3 roagent for Mocking nons
spectfic binding sites on or in 8 coll before stan
embodiments, the rosgent mneludes: 1% to 3% vy hyd
detorgont; amd 8.1% 0 1% wiv hydvadveed soll

podyrer, detergent, snd bydrolysed collagen are d

127 I some embodinents, the resgant €



138 Another aspeet of the present discloswre woludey g veagent o hisoking non-

% 72

peoifie nding sites on o a2 osfl before staming

sbodiments, the reagent inchudes: 13% wiv e

2wy hydrolvzed cotlagen. In sowne embodiunents, the hydroplalio polyiser, detergent, and
hvdralyzed collag ¢ sltfuted i ssline

3% In some smbodiments, the seagent Ruther inchudes 03M Glyaipe,

{38 1 sevee embodinents, the hydrolyvaed collagen i pig-dovivad.

{31} Another aspeet of the presest discloswreg 1 divected 0 a methoed of wWentfving &
celt ax a virculsting tumor oufl. In some embodiments, the methoed nolndes! innging & cell
savaple o identiy & coll of inferest; doterndming » first pirel intonsity of 8 stained nuclenr are
determining a second pixel intensity of 2 backpround arcal caloudating a jﬁeg}is;i}-" status of the cell
of nstorest by subirscting the second pixel intensity frow the st pixed intonsity; and determbng

whather the ool of mntersat 18 2 eiroulating twnoy ool based o the plondy status.
FXY¥ oo N\ 3% $ E & ool o Irdaract ineinndag sdaniiiNe a TsaEs
133 {n some cmbodimenty, identifying the coll of interest includes identifving & TS

pegative and Vunentin positive eelll

133 In some smbeniuments, the cell sampde meludes one gr move vells,
{34} Ty some ombodinents, the method forther mclndes staining the cell sanple with g

nuelesy stam o idemtify the stamed sucioar arca of the ceoll of interest,

138} In some embodiments, the background aron does ot invlude the coll o mterest
{38 In some smbodimenty, the ooll of ntrest i dotermined o Yo the sireplating

s coll i the ploddy status v loss than one In some embodimends, the cell of mitorest
doternuned {0 be the owrcnlating ooy cell o the ploidy slatus & greater than two. In some
cmbodinents, the coll of tterest 1 nogalive for a prodiforation marker and s dotermined 0 be
the circaiating humoy cell I the plowdy status 5 between one and two,

130 Iy some ombodiments, the method frther inclades: staining the one or more codls
with # vimentin staim and & U438 slan,

{3§] {n some embodintents, the nuckear staim is scdopted froam the

Tren ci i\.)" witciinm % fere }h""\: FyEwiine
OOnY 3&"&8} L opREum 10 u‘lux CIENRRRR YR

DRALQZS 4. 6-duantding-2-p!

Hoechst; and msthvl green

139 I some ombodimeads, the wmothod further

apopiotic celis,



1481 I some ombodiments, the method fasther includes wWontifenig the one or more

agopictio colls by poaitive staiuing for Caspase 3.

{41 T some embodiments, the wethod fuether mehades ex 2O GF INOTS Rt

oails,

143 Iy some ombodinwads, the method § the one or Mo
mitotic oelly by posiiive staining for phosphorylatedehistone H3 or K67,
{43 Another aspect of the prosont discloswre 15 divected 1o 2 computer-implomente
method of dentifving a cell ag a ciroulating tumer celll fo some embodiments, the method
nchudes: soquiring s image of a ol of uteresy) wentifving » featiry associated with the oull of
et such that the featnre oludes @ ruclosy region or marker, a ovioplasmic rogion o
marker, & mwanbrane region or marker, 8 cellular region or markey, o & combmation theread
<

provessing the fosture  oxivact § parameter of nterest, such that the parametor of insorest

inchudes & fhiorescencs ntensity, & coll stee, a coll shape, a collnlar arss, 2 ovtoplasmie arey, a

nuclony sreq, of 8 combdination thereoll  analvzing the porameter of srsm,\i gnd when the
parameter of intorest 3 groater than or losy than a pre-detormined theeshold, classitving the el

of micrest as & croulating tumaor colll

IR oY I some cmbodiments, the fonture i the noclear rogion and the parametsy of

interest is the Seorescence miteasity of the nuclowy region.
145) I some embodiments, the coll of intevest &8 olassified as the cirpulating tunor cell

when the pavsmeter of isrest is groster than two. In somw embodiments, the cell of interest i3
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classified as the cronlating tumor coll whon the parsm
smbodivnats, the coll of mieresl iy nogalive for o prolifomtion marker and 1 clasaifiad e the

Pl

cirpulating tumoer ooll when the parametor of woterest I bobwonn one snad Swa,

{48} In some ombodiments, the method forther inchudes processing the fmage
taprove 8 signabLo-noise quality of g image.
47 By some endodiments, the method Sother ineludes slaining the cell of interest

with & vimentin stain, 8 U5 st and the nnclear stam

(48] Iy some embodiments, the oo

4% In soms embodiments, the muclear stdy i selected from the

DRAGS, a-diamudine-2phenvhadeley propdinm odide;  homulesviing Komeohivad  dyeg

Huoschety and methyl green,



1546 In some embodiments, the method further fncludes excluding the

a9 3y apogtetic celll In sonme such embodimenty, the method wiay further

apapiobic coll as Usspase 3 posttiva,

mohude |

o ool of interest

dentifving the

{51 I some embodiments, the mathod futher includes excluding the cell of interest
as 8 miotic colll In some such ombosdiments, the method may further melade idontifving the
mdoiic coll as phosphoryinted histons HY or Kib7.

{821 I some ombodimends, analvsing i porformed using muachine-loarning. In some

such  ombodimends,  the muchine  loaroing  lechuwgque  comprises: Ulass
Pasorimmant Anabyels, kDearest Neighbors, Natve Haves, Suppost Veotw

fearning, or convohiional neurs! nebwork.

153} {nn some ewmbodiments, the method further b

uiamw & comtide

fleation Trees,
Machines, deep

aY

iy S 08 FRE N
for the olassification of the coll of intere

IS4 Another aspeet of the prosent disclosure nehuden 2 method for Sxing @ woll In
sime ombodinments, the method mludes: applving 8 fiost fiag buffor w0 the ool &t 2
temperaturs colder than <3°C, the first fixing buffer comprising 396 to 20% wiv of o first
hydrophuiie polvomer difuted iy an sleohel; and applvmg 2 sevond fixing Wuffer to the oull, g
second fixing haffer comprising: 8% i 30% vy of & second hydrophilic polymer, 8.01% © 1%
viv ol o detorgent, sl G003 1o 1% wiv of g chrome shum. In some smbosdiments, the second
Bydrophilic polymer, detergent, snd chvome sham sre diduted nsaling

{55} In sove embodimenty, the method ferther tnohudes apphang » Mooking dutle to
the coll, the Mecking bulfor comprising: 19 1o 508 viv hydeophilye polvmer $.010% © 3% wi

of a detergent; and §1% fo H% wiv hydeolyred oolla
bredrophilic

{58}

polvmer, detergont, aml hyidrolyzed collagen

in some ombodiments, the st second, and thind Byl

s, o some embodiments, the first, second, and il

i

3

sorne smbodiments, the first, second, and third

N
RS
N~

fie ;‘13333

ki
polyvinyipyrralidons,

i seqne ombodimens, t

\

oy comprising:

the frst hydrophulie polyiaer, and G800% o 1960 wiv of clrowme alum, fo some om
first hydropinlie pobymer and chrome alim ave diluted 1w saline.

. the thivd

X

ho gell onto

s



1581 I sowne onshogdiments, the shide
abide i Rarther coated with chrome alam,

£591 T some swnbodioents, the cell w a ohouday

he coll 1 senbodded 11 8 tisane seotion,
a8t I s ombodiments, the methed fwther fnchedes stwindng the ool with &

Huoraphoredagged ant

BRIEF DESCRIPTION OF THE DBRAWINGS

{61} The fovegoing I8 8 sununary, and thus, necessarily hmited v detatl, The aboves

mentioned aspects, as well as other aspects, features, and sdvantages of the present techuology
desoribed below i conpection wiHh varows owbodiments, with reforomee made v the
accoprying drawigs.

{63} FIGL i How chart of one smbodiment of a method for fixg
{63 FIE 2 18 o flow chant of one cobodinent of 8 method of identifving a coll as s
crvdating tumor ol

{&d} PR 3w oa flow chart of one emboatiment of & conpurier-implonentod macthod of
wontifving & coll ag 8 chronlating humor coll

{63 FIGE 4 ix a sohornatie of 3 compitting devics configured iy porfiwns the methods of
FIGS. B3

{68 FIGE. 3A-SB show oxperimental vesulis in which AS4R cells wers stained with
anti-ovickeratin phveooerviloin (BE), shown i groen.

167 FIG. 3A shows one '*Kﬁﬁ'i}‘}iﬁ of an experimental result w owhich cells ware
eytocentrifnged fn a buffor mohuding 8% wiv PVPR and .01% wiy Chromdurn Potassiom Sulie

dibuted in phosphate affersed saline (PBSL

{84 PGS ows oung sxample of an experimental resulf
&& F3 5B shows ous sxample of an eoxperimental rem

cvtocenirifuged w o bailer including N wiv BPVE and Q0% wiv Chrom

& 3

difuted iy PRS,

ich calls were

w
"'t

{651 FHG 8O shows one oxample of an expovimontal resall Wmow

X

>

oytocsninfuged in 2 boffer wncloding 16% wiv PYVT and Q019 wiv Chronsium Polasshun Sulfate

dilnted 1 PRY.



T8 FIG, 3D shows one cxsmple of an oxporimeantal result w which cells were
ovtecentrifiged i a bufler mnchrhing 296 wiv PYVP and 0.01% wiv Chromium Potsssium Sulfae

dihued in PBS

¥
.

3

{71 FIG 64 shows one exaraple of an ¢ wit v ovhiehy colls were fixed at

SHC with an extraceildar fixative comprising 2%'3’3"

viendal rosult in which calls wers fixed

/.r;

{73 FiG 6B shows one example of an axpets

on dry o with an extraceokar Sxative comprising HEEG methanol

.
/.w

1 which celly were fixed st

o
o

iTH FG, &0 shows one example of an experimental resud
L with am extraceBular fixative comprising 19 wiv PVP dilnted in wethanel.

{744 FIG. 6B shows one example of an expervmental result in which cells were fixed
on dry foe with an extracelinlar Sixatve compriaing 9% wiv PVP dituted 1n methanol,

175 FIG. &8 shows one oxanple of an exporimental resall o which cells were fixed &t
ST with am extracsolar Brative compriaing 39 wiv PYVP dilnied i masthanal.

17 FIG, &F shows one example of an exporimental rosalt i which colls were fixed

orn dey o with an exiracelinlar Sxative comprising 3% wiv PVP dilnted i misthanel

§"?’?§ FIG &G shows one example of an experimental resulf m which vells were fined wt

{78} FIG 6H shows one axam;s’ia of an exporumental resull in wihdch cells were fixed

on dry fee with an exdracellular fxative covapaising 1% wiv PYVE diluted i wcthanol,

™ FIGS. TAZTE show experimenial resulty in which AS4S colly were sinined with

sotb-oyinkorsiin (shown it greon) sl anti-UE (shown 1 yellow),

o

{8 FY3TA shows o oxarapde of an experinsental resudt i which cells ware fixe

pe=

ai

rogar femperatore with an mtcelivlar Sixative compwising 15%% vy Glveorol and 0015 wiv

{hvonmian potassiam sultate didnled i PRS

I8 FI(i. 7B shows one oxample of an oxporimental rosult »

on sl fee {eg., sbout -2°0Y with an intsestlular fxative compris

.01 wiv Chrominm potassium sulfate diluted in PER.

183 were fixed
o salt e (e, abowt B

wiy Chrominm potasst
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183 FUG. 7D shoves one oxanpde of an experimendal rosult n which colls wers faed
g salt jee {e.g., about ~2°C) with an intrscellular Hxative comprising 23%% vy Glveernl and
G015 wiv Chromiun potassiuns sulfate didoted in PRE

184 PG TE shows one example of an expermental vesall jn which cells were fixed

565

on salt foe {o.g, shont -2°CY with an intraceihular fixattve pomprising 13% vy Glveerol and 6%

viv Chromnam potassion sulfite dituted in PRS.

{858 FUG 7Y shows one exampde of an experimental resull o which cells wore fived
o salt foe {eg, sbout S2°C) with an intrscellnlar Bxative comprising 18% viv Ghyeerol and
O wiv Chromisn potassinm suliste difuted i FBS,

188 FIG, 8A shows one oxample of an oxperimental result 1 which cells were

blooked with a blocking buflfer privw fo staining. The blocking buffer included 3% wiv boving

orin atbumin {BSAL

{87 FIG. 3B shows one example of an exporimental result nwhich celle were blocked

with a blocking buffer pricr fo staiming. The blocking buffer molnded 2% wiv hydiolvead

coflagen

{88} FIG A shows white Bood colls spiked with A3

o

49 cells Sxad with 10% wiv FVE
amd G019 wiv chrominm potassium salfite aceording fo the methods deseribed 1 FRGL 1 and

-

stained with DRAGS (Fanel A}, AloxaVlpord88 Vinwmm Paned B), AlexalPinordSd.pan-

Cytokeratin {Panel O, PE-EpCam (Pane! Iy, Paoific Qrange-U048 (Panel B}, and BV421-0014

§_§§§§'§ FUE OB shows white Mood eells

’/

spikad with
paraformaldebvds and staised with DRAGES Fanel Ay AloaFhued 3R Vimentin (Panel B},

13

o
boges,

AlexaFlue$Sd-pan-Ovtokeratin (Panel 0}, PE-EpCam {Fanel

£}, and BVE21-C0 W (Panel )

el

Pacific Orange-UD4S (Fanel

¥

fo FIGL 14 shows a histogram degnoting tofa! RNA content m nanograms of 500,060

fresh cells or cells Hxed using pwaformaldebyde, methanol, or scoording o the method

dasenmbed in FIG, 1

¥ Fla TIA shows a microscopy image of z Bva

cell sample,
1923 Fir 1B shows a moroscopy tmage of 8 Dylightd®d-Vimentin stain of &

prostate cancer col sample.
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3 FIGE, LIC shows 8 microscopy tmage of identification of a background ares and a
muclear area of colls I » prostate cancer colf sample. The nuclzar ares v stained with URAQS
194} FIG. D shows  losfogran depieting s ploddy stetus of 8 coll of iderest,

{854 FIG 124 shows a micvoscopy buage of a BYAR1004S stan of & prostate cancer

19 FiGe, 128 shows a microscopy unage of o Dolight389aVimenus sty of 8

prostate cancer ool sample,

1971 FIG. 120 shows an analysis of @ microscony age nclpding endification of &

background aren angd 3 vuvlowr svea of oolly I 8 prostaie cancer voll samiple. The nuclewr aren s

stamed wiih stained wilh DIRAHS,

198} FIG, 120 shows a histogram deplating o ploidy status of a colt of inferest,

{981 FIG 13A shows a micresoapy image of @ BYVE2LCEHA san of 2 prostate canoe

ool sample.

HY FIG 138 shows o microssopy fnage of a Paeific Omnge-CUD4S stain of 8 prosiste

&

cancey ool sample.

a AdexaFlgerdB8-Vimentin stam of &

o

F38 FIG, 130 shows a mucroseopy mmags of
prostate cancer cell sample.
{1823 FIY 130 shows an anslvesix of & miproscopy fmage tuwluding identifiontionr of &

Background avea and 8 nuclear srea of cells fu a prostate cancer oell snmple. The nuelear s i

oo

abmned with DRAQS.
ERERY FHG 13E shoews a histogram depioting g ploidy status of a cell of inserest.
F184 FY3 44 shows 3 microscopy image of & BV4A21-0D14 stain of & prostate cancer

3

{HBS] FUG, F4Y shows a nioroscopy oage of & Paoific Quage-UO

capeey ool sample.

{186 FIG 140 shows a nucroseopy fmage of a Ak
prostate cancer colf sampls.

{30} Fla, 140 shows an analvsis of @ mroscopy image wluding dentification of 8
Backgronad aves snd g onockear avea of cells iy prostate cancer cell sample. The nuclear s &

stained with stained with DRAGS.

f188] FH3. 14E shows a histogram depsicting 8 plaidy
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1M FIG. 134 shows & unoroscopy

prostate cancer coll sample.
fHig FiG 158 shows s micrescopy miage of @ Pi-phosphoryiated serive W Higlone
HY stain of 8 prostate cancey cell savple.

Y FHa 150 shows

¢ caneer coll sample,
FH12 FUG 150 chows an analysis of @ sdoroseapy tmage wchuding dlentification of &
hackgronnd sres and 3 nuckear ares of cells I g prosiate cancer coll savapio, The nuclear ares

stained with DRAGS

35
{1y FIG. 15E shows a lnstogram depleting a ploidy status of a coll of interest,

{114 FIG, 16A shows a neroscopy mage of 8 BVEZ1CD34 satn of & prosiate canwsy
eeil sample,

[1i8] FIG. 168 shows a microscopy imags of a Pasifie Trange-(Y

canoer ool sample.

frisg FIG, 160 shows a microscopy innge of an AlexaFluord88-Vimentin stan of a

f11 P 160 shows an analysis of 8 nucroscopy imags welnding dentification of g
background aren and » muvlear area of cells in a prostate cancer coll samaple. The nuclewsr area is

statnod with stained with DBRAQS,

{HIRY FICL 16F shoows a histopram depicting & ploidy statue of 8 cell of nterest.

{119 FiG

..

Py

A shows a nHerescopy tnage of @ BVE2LCDI staty of & prostate canesy

&

ool sampls.
{13y FHa 17 shows o ndorosnapy woage of a Pacific Qunge-U4E stam of g prostate

&

cancey ool sample.
2 A

fI28 FIG. 170 shows 3 mcroscopy inmge of an AloxaFluord88-YVimomim stain of o

prostate cancer coll sample.

§122§ FH3OP70 shows an analyeis of @ mizroscopy muage noludmg dentifieation of 8
il agemds The mueliar smasn fw
backgrourud area and 9 nuelesr e cancer cell shoyle. The nuclowy aren 18

)

stained with ORAQS

f123 FUG 7R shows & histogram depicting a plowdy status of s cell of iy
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134 The thestrated crnbodimments are morely exangples and are oot intonded to it e

discloanre, The schomativs are drawn to tlustrate foaturee angd concepds and are not necossarily

G

dravn o scale,
DETAILED DESCRIPTH

F12581 The foregoing 18 8 sunumary, and thus, soovssa E\- Hmited w detail, The sbove

wationed aspets, as well as other aspects, fuat tischnology

will now he deworthed o connedtion with various b

embodimenis s nod donded o mit the discloswe o ¢

any person skilled i the ot o naabe and use the comtenmy
may be slilized aud modilications may be made withoul departing from the spud ov scope of the
subjeet matter preseunted hovem. Aspects of the disvlosure, as desenbed and ilustrated hersan,
cant be grvangsd, combingd, modified, and designed o a vartety of different
which are sxplicitly condemplatad and forn part of this disclosure,

{126} Ax wsed in the desoription and claims, the singoley form P27 “an” and “the”

example, the torm “rell” sy vlude, and & contomplated o include, a plarality of cells. At
fimes, the clamms and disclosure may nolude torms such o as Vs §ts§.s.sz"a§i'i ¢ “one or more,” or Yat
feast ong)” however, the absenve of such forms i3 uof intonded f mean, and should st W
inferpreted o mean, Hat a plurabity 18 not concewved,

- %

{137 The torp “aboa” or “approximately,” when nsed before a namerics

oF range {o.g. to dofine & longth ov prossare), indicatos approximations which may ¥e

or {~ 3 3%, 19 or 1%, AN mumecical ranges provided hereln ave inclusive of the stated start
st ond nuwmbors, The toras “substastially” indicates wmosthy {

alf of a substanee, composition, or methad,

{18} As usud herein, the torm “comprinmg™ or “oomprizes™ s intended o mown that the
compositions and methods include the reovted cloments, and ey sdditionally tnclude any other
cloments. “Conslsting cesontislly of ™ shall mean that e compositions and methods include the

reoited clomens and exclude other cloments of sssential pmifivanee & the combination for the

stated moposs. Thus, 8 composition or nrdhod consisting esaontially of the sloments as defined

herein would not exclude ather matenials, foatures, or stops that do not metenally affvet the basie
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and novel characioristiofs) of the clelmed disclosre, “Coumsisting of shall mesn that the

conypraaiiions and methods include the recited cloments and exclude anvithing move han a vl

+

or neonsegueniial eloment or step, Embodiments defined by each of these traasitional formgs are

within the seope of this disclosure,

{338 In seane embodunents, the compositions, wet
oy 2 ~ Frw o Fraee cobipesy ik g ¥rnge oy c3eypEh bs . ¢ TPy P SN vie Y oatoard sl Tin  cobyngs
are wsed to By andior slan a celll Fov example, 2 coll may nclude a nucieated celll in s

subodiments, 8 nuckated ooll melindes & white blood coll, # provursor of @ mature coll, 8 stom

cell, & hone marrow cell] a olroulniing tursor coll, & cancer coll, & somatio coll, 8 govmline coll, &
cell i suspension, 3 coll adhored o 3 surisee, 8 voll 1 o Hasue or Lissne soohion, or any other type

of gell,

11381 In some owmbadiments, the cell i fined with one o wmore fxalives or fixing

hoffors. A Bxing buflfor may include § oross-linking fixative, & procipitating fixative, an

oxidizing agent, mevourials, audfor morates, I some smbodimants, the Sxative is one o more of

4

1

mothansl, sthasoel, propencl, any other slcohol, or two o mowe alochols mixed fogether, For

X

example, tee slochol mury be mixed w8 vatio ranging fom SMaB3% st aleoboll second
aloohel to ¥3%:8% first aloohol sevend aleohol, In some cmbodiments, the fixalve 1 acstong
alone or in combination with an alcobol, For example, an alcobol and acetons may be mixed o g
ratic ranging from S%e08% scetone: alochol 1 959039 acetans: ateohel,

$31 In some embodiments, the fxative way include g bocompatible motsture
131 I some cmbodiments, the fomitve way nclude 2 ocompaty

presevving agent, hydrophiiv polymer, or hygroscopie polymer. For example, the fixathve may

¥

melude ghroorol, polyvinyipyoolidone {(PVPL polvethvioneglyest (PFEG) dexivan, methyd

celtulose, pobvovetivions (POE), gelatin, or ayy other bygroscopie or hydrophilic polymsy.
{133 I some embodinonts, eng or more reagonts, fixattves, or sloohnds are diluted a

delnond, p&}{}ﬁ}t}hﬁiﬁ buflered saling (PBS), saline, waler, bulfored sabwe, ov any other type of
bicdogieal baffor. In sonw emboduments, the pH of the diluent 18 peutral. In sonwe ombodimwnts,
ihe pH is bebween 6.3 and 8. In one cwbodiment, the pH s substantially o abowt 7. In one
embodiment, the pH s substantially or abiout 7.4

ERE In seme ombodioments, one or morg reagents, Sxatives, or aloohoks are m

by parcent welghtfvohume (wiv), percest volumeSvolume (v

DS

or weight, cunces, milliiitors, milligran or grams, or any other unit of nwasure appropriste fov

the applization.
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N -

134 In some ewbodiments, @ coll may he Sved andior sained It or on 2 receptacle.
For example, 8 recepiacls may mohide 8 et Wwbe, 8 mivrotiter plate, a sapliary plate, on a alide
with or without a coverplate for capillary gap staining, or o any other apparatus ov devies,

f138 I some ersbodiments, (he receplacie 18 uncoated, sueh that the ool s coupled o

the surface of the recoptacie. In some eabodimonty, the receptacle is coated, such that coupling

of the cell o the recoplacle v Tacibitated by the coating. For sxanple, the coaling may mclude

gelatin, poly-Lolvsine, collagon, laminin, entactin, hopann sullate, andfor proteogivean, In e
such embodimend, the receplacke s costed with gelatin, The goelatin may chude a fixative, fo
example chrome skl or ohromvinm {HE sall

R In some embodimends, ong of more butfers, Hxabves, receptacies, or other
componeats of the invention deswribed hereln are sold, commercialized, marketed, advertised, or
sthorwise packaged individually o bondied ogether a8 8 rospont systom oF 11 2 KL & roagend
syafem or kit may inchude one or more boaffors, fixatives, receptacies for z‘meévsﬁng DURS OF NS

cells, one or more staing, one or more antihodies, andfor any other compe

’.’3
.\/
et
w
M
feriney
&
R
e
2
Yont
2%
M“:i
e
wﬂ
M
AN
ot
Pies
3
b
feevty
joeer

-2 portion of the methods desertbed heramn,
{337 Dhselosed horeiy are msthods for ienufiving & rare cell tn g coll samople. In some

entbodiments, the rare coll is 8 oireudating ey cell UTCY & OTC may nclade g oircudating

(‘ py
P
oo
o
fovd
o
Lo
]
e
foba
%
1
7
v
£
~,
s
P
A

wmor derived endothelial sell, 8 wwmorassociated maccophage, o othe
assoviated cell, The OTC may be Wentifted in g ool sarople, for exauple, ot not Hmited {6, 8
Blood sample, & lemph sample, 8 sane sawmplhe or seotion, 8 blopsy sample, or other bodily thad
ar Heswe sample. The coll ssnple may inclade e colls, pormenhilized colly, fived onlls, stingd

{:-r;:%}s, ov other g};‘.‘a@gﬁss&{i oetls fypex,

I
»M\
b
,//
m
5
/vu
(s
195
/'-M
o]
o
oy
ot
”,c:&
4
4’":

{1381 As desoribed heren, & roagont systom o R for fiving

sagents, buffors, snVor fixatives, A roagent svstom functions to westrve avell g
weil for staning anddor analysis, In some embodiments, a reagent sy
buffer or extracelindar fixative. In some smbodiments, a reagent system el

o

buffer o an intrscclihulay fikgtive, I one ombosdimeny, the sxdracsd

intraosilolr fixative are comBoed ko one boflsr of reagent

gxtracoiiulny fixative and the mbvacelulwr Bxalive are wed som

suthstantiably simulansomaly,
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rent & seliulae Hxative,

7
£y
w’

R R I some ambodinents, 8 reag
The exgscellular fixalive functions 0 fix or proserve an extevior surfyee o extvaseihulay
mernbrane of a celll The extwecellndar fnalive includes an alcobol or acelone and & hydvophihic e

hygroscopio polymer. Examples of alcobols molude

%
e
bt
e
[
o3
prnon
e
2
=
pie
=
K
rein
7
7%
P
o
s
jry
e
o
jed
4
ol
petn

nol, propanol, isopropancd,

-

butanol, and pontanal. Exampdes of hvdrophitic ov bvgroscopie polvmers melude: glyoornl, FVE,

PEG, dextvan, methyl celldose, POE| collagen, and gelatine I some embodimends, the aleohal i
the exirsecliular fxative coraprises a mixture of two or roore aleohols. i some ombodiments, the
hydroptulic or hyvgroscopie polymer conywises g wxiore of two or wore hydroplalic o
Rygrascopic pelvmers.

{48 In some embodimends, the extraceliolar Sxative inclades 8 hydvophilic polbymer

dituted in aloohol The hydrophilic polvmer functinns o proserve molsture o the podl during the

~

fixgtion procoss awd 1o buprove e imtegrity of the coll during snd sfter the fixstion process. In

cindy
it
o
o/
poes
ot
st
)
-~
o
m,
e
it
b
o
h
s’
-
s

serve embodiments, the extracellvlar fxative inchudes at losst 3w ‘zgi‘ssﬁ Par VY

N

m
s
P
%
Pk
-y
pssd
s
o
=
=
it
o
%
)
o

a hydvophilic pobymer. In some srabodinonats, the extracelinlar fixs

of & hydrophilie polymer. o some embodiments, the exdrascellidar fixative woludes 34 1o 2%

wiv of a hydrophihio polyoer. In one erabodirosat, the axtracetinlar fixative moludes e wiv ol'g

hydraphilic polviner dilmed @ an sleohol. I scume ombodiments, the extracelinlay finstive
woludes 19, 3%, 8%, 1%, 158%, or 20% wiv of & hvdrophilic polymer, For example, the

Bydropinic polymer may inolnde PYVP, glvessed, PEG, or & comid

skoohel may nchude wothandd, othanol, or & combinatls

aloedol iy veplaced with or nsed in combmation with asstone.

{341 In some ombodiments, the extracellular fixative v applicd to g cell &t »
termperatire colder than or fess then <3500 o some cmbodimends, the extmeeilodar fixative 8
suplied 1o a coll at a tomperature loss than ~10°C, By some embodiments, the oxtrace lular fixative

R

is apphied 1o a2 cell at o tompersture less then or squal 1o 230700 In some embodiments, the

applied o 2 oofl at 2 tempersture of <100, S0, or any fomperatare

e

extracallndar fxatnve

thershebwom, In some ombodiments, the exb

e

Lo ang

tomperatis oluding v bolween 13

gxiraceiular fixative is applied 0 a coll at @ tomporatur o

approximately egaal to <1500, 0%, W20, 3000, A0N0, S0
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prest
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GO0, or L0 Tn one ombodiment, the oxtraecllnlar fxative i appled 1o a cell

temporature loss than or colder than ~15%C. In one cwbodiment, the

appliod {0 a cell at g tenperature fess than or colder than 607, To some embodimends, the target

5

fsrnperahine oy fomperaiie range s schieved by placing

e
fovce
2

47
gt
7
o
v
v
4
s
fn
=

e
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Al/

s
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e
6
4

x:

Tt
e
.w
.
7
P
fovce
povs

-

7

cell e slry oo, m lguid mitrogen, i a froexer tuned ©© the target tompersturs, of I a “Ym}'ﬁa,
spparatos uned to the trgst tempomtare,

11421 I zome ombodiments, @ roagent systom or kit mcludes an mtmceiindar Hxativg
The miraceliuler Dxatve Dmobioms o BR or presevve an iuteaceilader compartimant o an
mtracellular region of & vell and o provide 8 means, path, oy hole throngh wihich g stam or
antibody can reach o intracelludar compartroeat or rogion of the cell. The infraceliudar fixative
includes: & hydrophiliz or hygroscopie polvoiern; a detergent, comisifier, ov surfhotant; and @
fixgtive. Examples of hvdrophilic or hygroscopio polymers fnclude glveersl, PVP, PEG,

dextran, methyl colhdue, POE, collagen, and gelatin, In some ombodiments, the hydrophilio or

fygroscopic polviter comprises § mixtaee of two o more hydrophiiie or hygroseopic polymoers.
Trozome smbodiments, the detergent s poniondy, onie (Lo, Caliome oF auionin), oF Rwiltenonie,

Exampley of detorgents includer sapomin, Togon X100, Todon X-1id, Tween-28 (e,

polysorbate 20%, Tween-d0, TweereB0, CHAPS, CHAPSO, snd sodivm dodeoy sullnte (3DRY
Examples of fixatives inclade: ammoniom ohromade, chromtun potassium sulfate (Lo, chrome
alnmmy, chromie actd, cheomyl ehioride, polassium clvomate, potassien bichromate, carbodiinude

{1, methanedimine),  EHI3G

3

meibylammopropylarhoionide (8, and
sarbenyvimethyl sellniose (CMC)

F143 T some embodiments, the intracelhadar fixative welndes & hydvophihio pobyaer. In
some embodunents, the intraceiiniar Hxattve includes at least 5% wiv of & hydrophilic polyvmer
dilnted W saling, water, phosphade buffered saline
the mivacelhdar foathve moludes st least %
embodiments, the waceiinlar Sxative ncludes at least

some ombodiments, the intracclular fixative &

I somy ambodiments, the ntoweilndsy Sxattve inclu

podyiver, In some smbodiments, the fnteesiiolar Hrative

et

hydroplulie polymer. In scone embodimenty, the intracolhddar fixative tncludes §%, 18%

3%, or 3L wiv of o hydrophilie polvmer. In one swbodunent, the intpscedinkar fixative
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fmoludes 13% wiv of o hydrophitic polymer dilnted fo saline. For exanple, the hydrophilic

4

polviver may nclnde PYP, glvesral, PEG, or a vombdnation of two o wove,

f1d4 e some embodimerds, the wtsccllnlee fixative twludes 8 delergent, The

deforgent fonctions o punchee boles in the extracelhdar mombrane of the call to provide a path,

iy

means, or route for a buffer, an sntibody, v a stain @ reach an tudracellular compariment ¢

e

region of the celll The infracethelar fixative wolodes of loast H.019%

dotorgent diluted in saline, water, phesphate buffered saline, or any buffir solution. In sonw

enbodiments, the ntreoelinle Sxattve includes ab Ieast 838 viv of & dolergent, In some
embodinmats, the tntrecctiular Sxattve wcludes ot feast O.4% vy of a detorgent. In some
ambodimenis, the tracellder foative wwelodes G.0I% © 196 ¢y of a detergend. In sowme
embodiments, the intracellular Sixative melndes 2% 1o 8.6% viv of & detmrgent In sowme

swbodiments, the ntracelnlar fxatdve nchndes 04% o 1% vy of a dolergent, In ome

nz

snt diluted mosabing, In some

embodiment, the ntracellular Hxative includes (4% v of o delery

3
b

embodiments, the intracellndsr Sxative nohudes G139, 8039, 6

$.8%, or 1% viv of a detorgent. For oxamply, the detorgent may include Tween-24, Tweon-8i

Triton X108, digitonin, saponin,  s-dodeovh-B-Dhmaltestde, any otber detorgent, or a

combination of e o more detorgents,

{145 In some enthodimests, the intraee fey # fixative. The

The mtvacelbdar Sxative ingludes st least G4
phosphate baffored saline, or any bafior solution, In some smbodimenty, the intracellular fixative

nlar fixative

oo
s
%
[¥)
f’
P
s
I“

mehudes &t leaxt GDORY wiv of & Nxalive. o some snbodiments, the ol
ncludes at least Q0% wiv of a fixative, In some cwmbodimends, the mveacellndar fikative
wolpdes GO0 o 8% wiv of 8 fixative. In some embodunends, the mdraceliudar fixatne

includes G018 to O G wiv of 3 Hxatrve. In one embodimend, the intracelnlay fisative nclandes

S.01% wiv of & fixative diluted o sahne, I some embodiments, the indracelly

oo
o
Yo
ot
o
et
P e
ot
)
>
=
s
o

00, LOOTSG, G0N, GO0, G010, .28, 8

5

NA

v include: arunewiwn bichromante, ohroninm polassiam

a. For example, the 4

salfate (Lo, chvome sl {2§}Y{}§‘§.¥}’§ chtoride, potassiny chromats, potassinm Blobronate,

w1 of two or miore fratives.

oY o

carbodiimbde {Le, mothanedimine), BB, OMO, or a combinatic

X

»
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Fhda I some embodunents, the muneelivlsy Gxative & applied 1o & ool &t g
temporatis foss than freoszing torupersture {eg., lesy than O"0) In sowe ombodimenty, the
fntraceihular fmibes 1o applied o 2 coll &t » tomperatuws colider than or less than 170 In some

“‘,
P
s
o
o
Gub
(%]
&7
e
ok
-
v
oot

sbodiments, the wirscellnday fivative s appli at g fomporature nchding or between

"t

O and 1090 It some embodimenty, the intmellalar 8

,a

xative s applied © & well at a
temperature mohading or betwean 7€ and -5 In one swbodiment, the imfracelhdlar Brathe
{ &

spplied t g cell at @ tomperature substantially equal o or shout 8%, In some enbodiments, the

’/’.6

inteacelilar fixative & applied to a goll ot B0, 70, 3°C, 270, LU, 8%, o 100 In some

embodinmats, the fargs? omperaiure of omperaiure range s solnoved by placiug the coll or the
receptacie comprising the cell on e, on salt i, in o Hoeser tuned to the targel fomporsiure, or
in & chilling spparans tuned to the target temperature,

f147 Tis some ombodiments, he hydrophilio polyimer nsed m the oxsrsceliular fixative

iy the same ae the hydrophnlic pobomer weed in the intraceihular Sxative, In some smbodiments,
the hydraphilic polviaer wsed I the extracellnlar fixative i different than the bhydrophilic

polymer psad in the tntracelinday fixative

{1451 In seme smbodiments, 8 roagent avstem or kit moeludes & blocking buffir, The
hacking buffer functons to block or bind nonespecific antibody or stain binding sies on the

swrface of or m the celll The bocking tuffer moludes a hydrophilic polvmer, 8 dotergent, and

Bedrolvzed collagen diluted fn saling, water, phosphate baffored saline, or sny buflor solution
1148} I osomse embodinente, the ‘i‘?’ii}i:xmg b

hydrophili polviner dihuted in saline, water, phosphate buffers
sove embodinents, the bocking buffir wolndes af lsast 1 wiv ofa §§3ff§s‘f3§ hilie polymer, In
some embodunents, the Meckng ufler includes at keast 28 wiv of & hydrophilic pedywer, In

some embodiments, the bocking buffer inoludes at least 309 wiv of g hydy \}g}iﬁix& polviner, In

PRI

e

some ombodiments, the Moeckmg builor
some gnbodiments, the blocking buller includes 1% o 48% wiv of a hydrophilic. In some

embaodiments, the blocking bulfer meludes 28% to 4% wiv of a hydrophat pﬁh‘ wer. inoone

Yo wiv of & hwd

ombadiment, the blocking batier melades 3

some embodivients, the bocking d

A3, o 30% wiv of & hydroplulic polveer. Fov example, the hydropiaiie polvmer may wlude

)

FYP, glveerel, PEG, or a combination of fwo or awoes,

=
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i I some ombodimends, the blocking bulfer whides & dewergest I osowe

cnbodiments, the blocking bulfer mchudes af least G.O1% ¢ ditited in suline,

water, phosphate boliored salime, ov any boadler solution. In sowme swbodiments, the Blooking
batfer moludes at least 82% v of 8 detergent. In some ombodiments, the Mocking buffer
nchudes at least §.4% viv of g dotergant, I sowme embodimonts, the blocking buffer inchudes
S 0 190 vy of & detorgents In some owbodivsents, the blocking bolfer meloedes 0.3% w0

$.8% vy of & detorgent. In some swbodiments, the blocking utlor melades 0483 to 1R vivals

detorgent, In one ewbodinent, he NMocking wchudoy 8.4% vy of a deterye

saline, In seane smboctbnenty, the blocking

e sty odaes & Sy TS & 3
wicindes GG, (1%, 8.2

U509, 060, 0.7%, 08%, 0.9%, or 1% viv of a detorgent. For example, the detergont may fnchede

Twern-28, Tweorn-88, Triton X100, digitomia, sapouin, nedodeoyb-feDamnaloside, any other
detergent, or 8 combinmtion of two or mwore dotorgents.

{181 fn zome embodineats, the blocking Wdfer welndes hydeplyre

N 2 o~ ‘ i

hydrolyzed collagon functions a8 a protoin with affinity

srnbi iémeizi:\f, the blocking bufler mehudey at
eothodiments, the Mocking buffer ineludes at lsat
embodiments, the blocking buffr mclades
embodimends, the blocking butfer meludes

collagen. In sow

conbodimenty, the blocking buffye meludeny 8.1% 1o I wiy

onbodiments, the blocking buffer fncladey 858% o 5% wiv hy

smbodionate, the blocking baffer melades %% w

embodiment, the blocking buffer nclades 2% wiv %}}*\iwix‘“\ﬁ cotlagen diduted

cmbodumeniy, ihe bocking ballor meludes 81

r e . o .
L8, 2%, 23258%, 25

- S;AM;QK aw-w 3. a

s 3% wiv of hvdrobezed sollagen. In

serpe embodimends, e hydroby rort an aoimal sowee. In ome
embodiment, the hvdeadyzed collagen 8 pig or porome-derived. In one &n

B

hedrodyeed collagon K cow or bovine-derived, In one catbadimey, e hydrely

fishederived,

m
s
8
Fno

P
m/

I somwe embodimenty, the blocking buffer nchudes glyeine, Glycine functions fo

hingd free aldelnede gronps 1o protans that wonld otherwise hind antibodiss o0 stain resuliing in
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worcasesd backpraund or arlifois: In some ombodinents, the Blocking baller welades &t deast
GOIM glvoine. In some ombodiments, the blocking Wuller mohudes ot feast 80N ghvane, In

sorne embodiments, the Mocking boffyr includes ab least 03N glhveine. I sovae embodiments,

the Mooking buller wolades 001N o IM glvoine, In some sudodiments, the Mocking budfte

./
rt“

moludes 418 to L3N ghveine, In one smbodiment, the blocking boffer invludes 83N glycine.

$rosome srnbodiments, the Mocking boafter inchudes OBIR, GOSN, 030, GOSN, 830, (230,
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183 By osoene ombodiments, & rosgent systom or KU includes & ovtoconirifugation

buffer. The oviocomrifagation buffer functions 1o protent the cell andior provide a vehivde
through wihuch the cell iv spplied o g recoplacie, for exawmple

gytocentrifpation baffer inchudes a1 hydrophiliv polvimer and & fxative diuted in saling, wate

m/‘

phosghate batforad saline, or sny Wuller solution.

{154 fr some smbodisnents, the oviocentrifhgntion bufl

~

hvdrophilic pobymern In some embodiments, the ovtocenirifugstion buller includes &8 least 5%

wiv of ¥ hydroghilic polymer. I soms smbodimendy, the oviocontnifogetion buffor ncledes at

foast 0% wiv of & hvdrophilic polymer. In some catbodiments, the ovtecentrifugation buffer

onts, the ovioconirifogation

ineludes 1% o 20% wiv of & hydropiilic pobymer. In some embodume

/V

butfer meludes 3% o 18% wiv of 8 hydrophilic polvmer. In one smbodiment, the

evtoceninfugation buffer molades I wiv of a hvdrophilic pobyraor dilinted o sahwe. In sowe

%, 109, 129

senbodimeniy, the oytocenirifigation bathyr mvludes
7%, or 2% wiv of ¢ hedrophilic polymer

{15851 T zome smbodiments, the ovtocsntrifgation baffer §
of a fixattve diluted n saling, water, phosphate butfored saling, or any wiler solution. In sowe
ombodiments, the oyvtocentrifugation buffer meludes at logst QO0RY wiv of s Hxattve. In sowme

3

cnbodunenty, the eviocontrifugation bufler includes af Ioast L0819 wiv of & fixaliv

smbodiments, oviocentrifngation buifer wolndes 0O o

embodinmnats, the oyvtocentrifugation bulfer mohules 8.01% o HU1% wiv of 8 fixe

attve ol
SR ERE A

» 0%, Q48%, or 8.5% wiv of a fxative, For example, the fixative

ombadiment, the ovtocentrifagation bulfler meludes .09 wiv

some smbodiments, the ovtocsrtrifugation buffer meludes B,

N

%, 0.25%, 0.3%, 0.33

f,;.

may nelode ammsonhen icheomete, chrominm potussitm sullate (e, chrome ahaw), chromyl
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oiforide, potassium ohiroroale, potassian bichromate, cathoditmade (e, wothanediimingy, ERC
amd CMC,

{156] Hie some embodimends, woor kit incledey an anttbody Sinding

batfer, The antibody binding butfer Ruoctions 10 inprove o promote antibody or statn dindimg o

an extracolular ov indrgcollular sweface of g coelll The antibody binding buffer inchudes

hydrophilio polymer and a detergent

{187 I some embediments, the autibody Moding il inchudes
hydroptilic pohyoer dihated v saline, water, phosphate buttered salin
sonie ombodiments, the sanbody bnding baffer nolndey af leaxt 10%
polviser, In some embodiments, the antibody bindimg buffer incd

hydrophilie polvmer. In some ombodiments, the antttuady binding batfer

wiv of & hydvaphilic polymer, In some anbodiments, the
o MBS wiv of g hvdrophilic polyour. In some swbodiments, the antibody binding buffer

nclhudes 159 o 30% wiv of § hydrophilie polymer, In one cmbodiment, the satibedy binding

v

fifer ineludes 15%

¥ owlv of g hwy {iz‘ssgzhim pobymer embaodiments, the

antibody Moding budfor inclodes 3%, 19, 189, 209
hydrophiiie pobymer. For erample, the %}ui:\s;?sa e polymer may nclede PYP, ghyeorol, PEG, o
7 comnbination of two OF REWS.

{158 I some embodiments, the antibady binding buffer ncludes 8 dofergent, In sowe
cnbodimenty, the anttbody binding buffye welndey at least Q.08 viv

o

saling, water, phosphate butfored sshine, or swy boaffer solution. In some cmbodimenty, the

~

antibody binding buflfer neludes at feant 8.2% v of o detergend. By some embodiments, the

]

antily binding butfer swhades at least 8% viv of a detergent. In sowe swmbodiments, the

aptibody hinding buffer mcludes 801 o B vwiv of & dolergent, In sowe ewbodinents, the

auttbody binding builor nchdes 82% W G6% vwiv of @ detorgent. In some ombodimends, the

&

antivedy binding buffer includes 4% © 1% v of a detorgent. In one ombosdiment, the

antibody blnding buller mohules 496 viv of a detergen diluted i salme. §

the sntibody binding buffer mchudes
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Triton X-10G, digiondn, saponin, wedodeoyl-§-Demaliostde, any  other \‘k\"&&li @@

'1,11:

combinuiion of o or move dete SIRE SIS,
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{18y I some embodiments, 8 reagent oesters or kit inclodes one or maore

for sxample # slide, Ry fixing, stalping, viewing, andfor anabvzing 8 ool The oue or mwe

receptaches may be coated with gelatin, collagen, or anothey coll-binding roagend to unprove w

promote adierence of the call W g swrface of the recepiacle. Examples of gelatin mohade Ty

{Le., derived frow acidwured tissue} and Type B (e, devivag

ambodiments, the gelatin wolades a cationio ea
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chromiuny pofassiam subfate dodecshyilnte, snunentum ebroay

sultirde {Le., chrome alum), chrowayl olfovide, potassinm cheowate, polassiwn bichromate

carbodiinnde {Lo, mothavedimmed, B, and CMU, The catiomc roages

f;,
Dok
it
(44

posifively {?i}::n?g,‘i% the recepacis o improve sitrachion and adberence of negatively charged o
anchior tasus seotions 1o the receptacie.

§‘§,{é§§§ Ty some ombodimonts, § reagent systern or ki inclades o recopiacke olosning
butfer, The receptacie cloaning buffer functions to remove debris andfor autoffuorsseent particles
frenny one or more surfaces of the recoptscle. In sonwe ombodiments, the roceptasie cloaning
Baffer incledes 2 ratic of alophal W oacid, Examples of alcobols welnde: wmnthanol, othanel
propanol, mopropanol, butancd, and pentanol. Bxamples of aculy mcluder hnrochiorie ackd,
aeetio aoid, hydrofluoric sad, hydrobromic acid, and hydrotodic ackdl In some embodiments, the

ratic of aloehad o aod i S‘?;";;:’%}IS‘.?%%; RGN, RIEEESE

Sy 489553 SORGS0NG LU N

QO 1S atto of aloobed

158

. 1 one onshusiiment, SPAH, I e

As shown w FEG | & methed 100 fov fixing s ooll Swludes: spplving & Gt

¥

fintng bullor to the coll, the first fixing bullor wehuding » hydrophilic polymer dilated in aleohss

ST sand spplying s seonnd Bxing baffor o the ool the second fuing buffer mchuding &

hydrophilic polyvmer, detergent, and hyvdrolyzed collagen 51260 The mothod functions to fix or

preserve @ ool for taining, viewing, amlior analysis,

IR In seane enbodivsents, applving o fivat Sxing buffer fo the oell, as reotted wt 8L

fnvolves applving the fst fixig buffer o extraceliolar

3. b ~v  Faca 3o QR anie s S S rtvey Baitiier s soviracoailniae
colder thay ov fess than ~37C In some smbodiments, the fest foang buffer ov sxtraceliudar
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fhaative to applied to the cofl ot o tomperatwe less than ~10°9C, B some embodimenss, the
extraceoliulay fixative » applied o the ooll 8t @ lomporsture dess then ~I18°C In some
erbodiments, the omoelialar fixative s appled o the cell at @ tompeminre fess than 20°C In
seroe ambodimenty, the extracelhular forative 18 applied fo fhe cell &t o feoperature less than -
3O, I some embodiments, the extraceliular fixative s applied o the cell at a temperatore less
than -0, In some embodiments, the extracstinlar fixative ia applied o the cell &t a touperatirs

a1

fesy than -307C In some ombodimends, the extracellular fixative v applied 1o the coll at g

BT 4\}\}

feropombure less than -6 The sub-treexnng tomperatirs v cowabiaation with the hydroplale

o

poiviner fmwtions 1o preserve the istegrity of the cell and rodues artifacts or autofinoreseen
features ssaooiated with the celll In some embodiments, block S130 inclodes incnbating the cell
with the extracellnlar fixstwve. In some ombodiments, the incubation povied is ab lesst five
mimtes. In some embodiments, the monbhation period 1% af least fon minuies, I osome

emimd_‘s's‘z‘;_;\:‘s‘;ﬁ:;«:, the woubation peviod I8 b least HBfless minuies. In one ombodiment, the

o

acobation period 18 Hflcen numutes. In some embodiments, the ncubation period is betweon five

manutes and tharty minutes,

{163 At ook S13G, applving a second fixing buffir to the ooll may woluds appbang
g wenens ¢§ 3w aeysy i&g ‘{%"@‘t & N N a.\\ﬁ i\ - fQ Sadivree oy SR w\\si PR T TSR RIS S S e 3 ~ §$ oy tharr o tave
e seoond Brmy butier or mivscoiiviar foalive 1o I coll &t 2 IRmperaline CorRy iRan o 0w

o

than 4°C. In some embodiments, the tvacelindar fixative is spplied to the cell 8t 8 oy

g
/
ol
o

3
%
jova

fese than U0 In some ewbodiments, the ntmeellole fxative 1 applied fo the celt at 2

tempensturs feas thean 870 In some embodimenty, the intracslube fixative is applied to the celf at

s tompersture foss than -0 The fm.“‘&‘ femmpormure in combingtion with the by x%;@;% il

g‘oix mey funehions 10 proserve the integrdy of the coll and redice avtifaots w
otures associated with the ooll In some if-.fi&%}ﬁ{ﬁi}‘éei‘:i& hlock 513
i the mbvacelhalar fondive, In sone ambodimends, the woubad
mpves. fn some ombodiments, the noubstion poried I8 st least thuly

eutbodiments, the noubabion poriod is at least sixly minutes

incubationt pertod ix at least 120 numstes, In some smbodiments, the ma

T80 mimpes, In some ombodiments, the noudy

dom ponigsd i g
embodiment, the nenbaticn pertod fa thisty ndmutes. I some swhodiments, the ncubation

periad & botween fftcen mimutes and 300 minntes
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fiadd I some ewbodiments, the method 100 eptionally melpdes blook 5118, winch
reois ovtocentrifiging ¢ colf puto a shide. Blook 5116 functions © couple or adhers the celi o g
reegptacle for focther processing sndfor analvsts, The slde or receplack may be coated wit

subdanes or reagend, for oxample a cationio substancs, collagen, o gelatin In some

cmbodinents, block 5HIU includes cleaning the reeeptanie or slide prior © ovioventrifuging the
ceil ondo e shide or receptacie. The slide or receptacle may be cleanad with a receptacie
cloaning buffer, as describod olsowhere horein In somwe swbediventy, block SHE meludes
suspending the ool W & oytocentndugation buller, sy desenbed elsewhere herpw, befwe
oyvfoeemnfugation. [ some embodunents, block ST welndes sllowing the receptacke or shde

o dry affer ovineentrifugation o romove excess oytocenirifugation butfer from the swface of the
receptavie or slide,

1165 Ty some onthodiments, the mothod 100 opticnslly inoludes Wock S140, which

recites appiving a blockmng bufee o e coll, the blocking buffer, as desontbed sleewhere herain,

mchuding & hydrophilic pobymer, detorgont, and hvdrolyzed onllage
rechive non-spretfic antibody or stain hinding by sstwaling sonsspocific binding sites with an
wredovant protein {eg, hydrolyssd collagen) In some cutbodinsents, block 5140 twolades
incubating the coll with the blocking buffer for & defined time pertod at a delined tomperatwre, In
s embddiments, the Umw perled i 8t leant thuty mmuies. Iy some emim(;ﬁénmm& the time

portod I8 s foast forby-8ve minutes, Inosome ¢

4
%
foe]
o)
e
[
o
Caogd
oo
o)
75
bed
,uo
pors
e
7
s
o
Lo
ol
Cd
7

:,_
Z,
o~
bent
Lo
o
s
)
9
b
5//
/M
s
e
e
oy
<

punwtes. fn osome ombodiments, the Gme porind e thity fo pinety mimutes. Inosouwe

o~

embodiments, the tow poerind s forty-five 1o seventy-five minutes. In one embodimens, she time
period s sixly minutes. In some smbodiments, the defined tomperature s oolder than 3¢ In
some embodiments, the defined tomperatire 18 colder than 490, In some cmbodiments, the
defined femperatare i3 colder than 2°C In some embodiments, the defined feraperature i colder

than 9°C, In some cmbodiments, the dofined tomperatwrs mnge 8 50 o 570 W sonw

ewbodiments, the defined {fempersture range s 00 to 4790 In one omboddimerd, the defined

femperature is about or substantially 2°C

rECHEs

&

i,
wprans.

In some anbodiments, the methed

¢ ool Block SIS0 funchiom i sh oo condraat differcnt featives o
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regicns of the cell In sowe ombodunonts, staiwing mwiludes: namunofiuorescence siaining,

mpvamohidochemistry, i siln hybridivation, or sy other shinmg technigue, In some
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cnthodiments, stuning nchudes fageing & cell with an wlsheled o profeineconit

\

ot} primsary antibody that recognisg

s 3 protein of mwieie acid of intorest wand lbeling the
primary anibody with g lebeled {og., Suorophove} or cuzymatically-active {og., streptaviding
secondary antibody that recogmizes the prumary antibody. In svwe smbodimends, stabang
inchudes laboling the coll with & labelod privvary antibody that recognizes & profeln o nuclkeic
soid of mtovest, The label may imcluder & Hoorophore, an enwyae {e.g., sfveptavidin, horseradiab
peroxidase, o}, & hlolununescent wolecule, or any other type of label that can bo visualized
microscopically, o some embodiments, slaning the coll poours at & tomperatare of loss than 8%
I some embodiments, siaindng the zell voows @ 2 fomperatise of fess than ~I8C In some

embodimenis, staining the ool coaws 8l 2 tompertore of lesy than =270, In some ombodimends

B

staining the cell ocours st a ites'zz;'\ rature of fess than
ooeurs at substantially <25, S3%C, or 8 temperatore there hotween.

{167} As shown m FIG 2, & mothod 200 of ;*wmwl @ vell ay g civcplating tumoy gedl
of one swmbodiment nchudes maging 8 coll sample o idenify
determining a frst pixel intonsity of 8 stained nuclear aves in block 822K deferonning a second

calcuisting a ploady status of the vell of

pixgd tntensity of & backyround arsa in block NIMY
intorest by subiracting the second pixel intensity from the fivst pixel imtonsity i Mok 8240; and
determining whether the colt of intovest i & circulating tumor cell based on the plokdy status in

block 3238 The methed Runclions fo detorming a pixel intensily or fluorescence intensity of a

stmned aren i {};;‘{Ea‘;;‘ o deternine # the coll 8 ﬁupismhc, amagiozéﬁq %s:} verplandic] hypoptoidie

wlentify a ofrculpting tumor coll w2 cell aanple. The method 12 wsed in the cancer nology field
but can additionglly or altornstively be teed fn micrascopy, cellidar analysiy, coll oyele studwes oy

for any ofther suitable spplications, for example m-x:'asi'igz;iiém}ai o toschag gmai CRlionms,
{168 Ax shows tn FIG. L one omde
cireulating tumor cell includes block 8214, which red
of miersst. Block 5210 functions fo nucrossapics
grder to process the imgs © hleatily g gell of &

woludes staining the cell smnpde with one or move sladns, antibodies,

gither divectly or indirectly {2.g., tuing secondary antibodios), and

extravelludarly. Stamning the cell *~<i¥¥§i3§ way inchude highlipghting one or moee markers of interest

S
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ares coll of Intevest or highlighting one or more colls for exclusion Hom the analysis, In one sueh
cnbodiment, the method mchudes staiving the cell sumple with & nuclewr stam o identily s
stained nucleay aven of the cell of inferest, Nop-limdting examples of muclesy stay wohade
DRAGS, popidim  odide (B, 4 6-dinndine-Zephenviindole QAP homatoxyiiyg
Korneehivot dye; Hoochsty methyl groen, other nucleay dye exhiliting stoichiometrie IINA
bimding, o any combination thereofl Further in some embodine

weludes identitving & OD45 nogative cell, & Vimoentin posttive coll, an EpllAM posittve coll, an
EpUAM oeogaibve ceoll, & phosphoryiated serpe 10 Histone HI negative oell) » nuclesy

proediforation markey negative ool 8 K367 negative cell, a Cuspase 3 nogative ¢

ﬂ
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or pegaiive oo 8 cell, & CE4 positive coll, 8 T34 neganve call, or any
narker nogaiive coll, g C 4 nepative coll, & CD

= X * =T = o

coontdnation thoreofl {1 some ombodiments, the mothod mchudes excinding

spopiotic, nocrotie, muntic, or other colls, for exsmpde undergoing & normal or healthy process of
oolinlar death or DNA saltiplication or o or mow oolls not exhibiting other markers indicative

&

of cancer o cancerous transformation,

{188 Ax shown w FIG. 2, one embodimont of & mathod 208 of identifvmg s ool as a
croubating tumor coll mohules blook N228, which recites defermining  Hest pixed intewsity of a

stained npclear areg. Block 5220 Smetions fo manually or sutomatically wWentify a stained

o

puciosr ares wnd dotermme a pixel intensity of satd stained puclow area. In some smbaliments,
the mothad ncludes wWontifving & frst penmeter of 8 stained nuclear aven (Lo, & nuclear
perimeterd, such that the St pixel fvtensity iy derved by mossuring a pinel tensity of an am

3 & vy ey < 5
noludes multiphving the sves
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sontainod by the perimeter. I some sach emboduments, 1h

gdofined by the puelsar penmeter by the fraf phved misnsity. In some smbodiments, the method
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cell (e, mewmbrane penmelor), o example fo defermine g ol stz o one such embodimend,

X

the method mehudes conmparing the Hest porineter 1 the zecond porimetoy fo dotormme & nuckesy

area, cvtoplasmiv areg, @ tolal cell avon, or ratio therebotween,

-

PP As shown in FIGL 2, one ambodiment of a method 200 of wdentifying a vell sa a

cirvulating fumer coll inchudes block 3238, which reciies deformining & second pixel intonsity of
& hackgrovnd arse, Rlock 5230 fonctiors to maadly o antomatically idemtify s background

avea and doternune a pixel intensity of said backgronnd arga. In some ombodimends, the

s,
gt

hackgroumd avea comprises @ phoality of beckground aveas. 1o some swbodiniends, the method

w’

of
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3

tnclndes defining » hackground srew, said backpround aven bolng devold of pells or other collular
mativy, bul may mchule non-spraific stalning o background stsining. Purther, the method may
melude delining @ penimeter around the background srea, said pevimeter betng called s
rackgronnd porimeter. &s such, the method way chude moliiplyving an ares defined by e
background perineier by the second pixel tntensity of the background arsa.

{17 Ag shows i FIG, 2, one enibodivoest of & method 200 of sdentiiving o ool
cicilating oy cell inclades block 3244, which recties ealoudating a ploddy status of the cell of
inlgrest i}}_f subirsotiog the second pixel infensty Trom the Hrst pixel intonsity, Riock S248
funcions o remove nop-speoitie or bavkground siaindng pixel mionstdy from the first paxel
mtensity by sublracting the second pixel infensity der
pixgl ivensity. In some embodiments, the plokdy stafus s onwe or sobstantiafly one, indicating
novmal or 8 heslhy amow of BNAL In some ombodiments, the pladdy status s loss than one,
indicating an apoptote or neorodie coll o 2 cancorons ool hat doncludes an abnovmally low
amoant of DNAL In some onthodiments, the ploidy status i grester than two, mdivsting a

cancevons el that incledes an sbwormally bigh amount of BNAL In some ewbodineats, e

pleddy states s botween one and fwe or i exactly fwe. In some such embodments, of the coll
negative for a profifiration or miosis marker, the cadl 15 Bkely a cancorows cell that gl

abnormally high ampont of ENAL Alteraatively, m somwe such ombodiments, i the cell

positive for & prolubraiion or mitosis marker, the coll s fikely a cell progressing i‘i};‘(z«uggh SIS,

T somme obodineats, the msthod nehudes reducing 2 likelthood that the eelt
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peorelic By counlorstaining the coll with ain apoptosis masker, for example '*‘f\zismsc X inosome

3

swbodinnate, the method  includes reduoing 8 hkel

peses

wood thet the eell & mitel
cowenstaining  the coll with a polioration or wmunsis marker, for oxamples Ked7 or
phosphoryiated serine 10 Histong H3L

3T Az shown w FIG. 2, one ombodinent of & mothod 200 of ennfvmg a coll as s
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sirculating tumor cell melades block 8250, wihich reciles determiy
s x cvonlating twmor cell based on he plody status, Insome o

wlontifving the ool of inter

asosne ebodiments, the method inghudes entily

cell i the ploidy statas i grester than twe,
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wentifying e coll of interest 88 8 cicndating mor coll 1ihe coll W negative o & proliforation
o mitosts marker and iV the cell has a plowdy status botween one and v
173 T some embodiments, the wethod mclades fixing the cell sample or the cell of

3

nfevest using the compositions and methods described elsewbere herein,

- of

{74 I some embodiments, the mothod inchules

interest to exdract DNA BNA or protein. I some embodimends, the wsthod mehudes procsssing

or analveing the cell to lendify a fissne, cancer, Wwmor, locatien, onviroument, or lncsge of
QFig.

(TS In sospe snsboiiments, the method inchudes disgnosing a pationt with 3 conditing
based on an wentity of the cell of interest,

{1761 As shown in FIGL 3, o computer-implenunted method 300 of destifving a coll as
s circolating tumor coll of one cmbodiment nclodes acouiving sn tsge of g coll of migrest in
blook S3HY ideunifving o foaturs associated with the ooll of wutorest, such that the feature
comprises # nuckmar rogion o marker, a ovioplsmiv rogion or msrker, & membrane region ov

marker, & osllnlar rogron o marker, or a combination thereot o hloek N33 provesaing de

feature fo exiract a pavanmeter of isteresy, such that the parameter of misrsst comprises s

oo
o

fuoresoenes pdensiy, & coll size, s coll shape, a celiular aven, a o (};:s'iax\ aie aroR, 8 wuclear ares,

or a combination thereo! m block 8338; snatvring
when the parameter of wtorest §s greater than or loss than a pre-detenmined threshold, classifving
the ool of intersat as 2 ovculating tmor oefl o block X333 The method fwetions to

o

sutcanatically wontify a cell of imtorest o a coll sample as \;m suploddic, snsuplaidic,
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hyporploidie,  hypoploidic, or otherwise having  an aboorma
ombodments, the meothod functions o identdy & chroulating tumor cell I a coll sanple, The

method v used e the cancer biclogy ficld but can addiionally ov attermnatvvely be used

y««a

ications, for

mucroseopy, colbdar snabyels, ool ovele studios o for amy otheor suitable applic
sxarnple mveshigational or foaching apiﬁii cations.
§177 As shown i FIGL 3, ous ombodinuag of a computer-implenss

slontifving & coll &y 8 ciroulating wumor ool el

unage of 2 el of misvest Non-hmiing @ tos of types

images, condoeal images, flucrescence images, flow oviomoetry mmuges, or snother type of in‘aas'gﬁ
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{178} Au shown in FIG. 3, one embodimend of a compaies;

e .}

wentifving & ooll as a civenlating tumew oefl inclndes bilnek 8328,

1

featire associated with the ool of nterest, such that the feature comgprises & vacloar region ov

marker, a ovioplasmie region o marker, & membeane region oy warker, @ celludar yegion oy

arker, or 3 combination thercofl In some embodinments, the foature {s wontified based on the

Saence of or negative stabing of a oedinlar wegion ov warker ov other collubay characteristion w

othor embodiments, the feature v identified based oun the prosence of or positive siaining of &

cethvlay marker or other cellulyy chavactermstic. In some smbodumends, §£§§:ﬁ§§§i‘§=’i§ag a feal
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mchudes measuring & pxel mismaty; deternunmg o loeation of staming de

regron, for exampde based op staining or location] wWentifving & oyvtoplasmio regon, T e\xmpk:

based on sainimg or location; processing the ivege 1 reduse nowse or snhanes contrasyy or other
method o wrooess. I same ombodimonts, wontifving 8 fosture ineludes using bnuge
reeOaEnRition.

11T As shown in FIGL 3, one ombodiment of a computer-implomented methad 300 of
wWentifving a colf as # civcnlating twvey ool mehudss
feature fo exiract a panmmeter of useresy, such that the parameter of misrsst comp
Huorescencs nfensiy, g coll stze, 8 coll shape, s collodar aren, 8 oytoplasmic aren, 8 nuclesr &

or a combination thereofl In some cnvhodiments, the foatwre & the mwlear ?\,\Tﬁ\l and the

parameter of oterest i the fhaorescence _iﬁzitfsacfi}-‘ of fhe nuclesr region. In some such
cmbodiments, processing includes sabirscting & backgron 1 intensity fram
the wavlear Quorescence or pixel mivasity, Farther, i some @3&%}&3{3&::3&&31?& provessing nclades

cufoniating an arca of the nouckar rogion, R sxample, 1o wultiply the arca by the pixe! mdensty

£

to calculate an indograted fluerescence densdty of the nucloay region. In some embd
processing wludes cowmpaning the st pixed infoasity of & st nuclesr region o a st el o g
soponnd pined intonsity of & second nuclear wgion of a socond coll, fo oxample

staining miensiy across cells or o wlentfy one or wmove ounthers ndicative of & mare el
faining mfensiy across cells or o wentfy one or move onthers

7,
o5

e a cwcnlating tunwy celll In some smbodiments,

res}

Sxamp he methed molwdes pr

th

tage fo tmprve a signebto-netse goality of the Geege. Nevhmiting exanples ¢

o~

inclpde: adiusting & gaiy adjusting an offzel; averaging g phlavality of scans o

ey

dotormine an tutensity of the pikell or any other methad,
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{i8 As shown in FIG. 3, one embodimend of 2 compuiesdmplementad methad 300 of
identifving & cell ay o circulating tumor coll inolndes block N33, which recites analvzing the
paraneter of nderest, In some embodinends, analyzing © povformed asing & nachine-learwng
fechmigue. n some such smbodiments, the machine leanning tochnigue compnises: Classificalion
Trovs, Discrindnant Angbesis, d-Nearpst Meighbors, Nawve Bayes, Suppert Veotor Machines,
deep loaming, or convohitional seawsl pebwork. i one embodiment, the machune leaming

techuique oomprisey deep losmning, In ancther ombodiment, the machine leaming ohnique

comprises convolutional neural notwark. v some evabodinonts, the vesnlt of the aoalysisw fed

back fnte the svatory, for example using 3 feedback loop, so thet the system inproves i abibty

e

ety
s,
o]
pees
[
<
=~
W
o,
!
"
o]
e

o ddentify foshures andior o process said festures o exiract paramelers of

7%

omtealimenty, the anslvsis s snpervised by 3 user, 80 that the aser can, for exampde identify fulse

~ o -~ ~

Hves OF nogatives 10 Inoresse an securacy of the anabynis of the fSatures and parsmetors of
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of nterest a8 8 s’.?i.i‘if-i§.§§;i‘§.§,.¥}.§§ aanor coll In some sabodiments, the cell of interest 18 olassified ag

o

the cireulating tumor cell when e povameter of inforest i3 greatsy than two, indisling an
abnovaally kigh DINA content. In some embodiments, the cell of mierest i classified as the

o

crronbiting tumor coll when the pavemeter of tersst i losy than one, indiveiing an shoormally

o DINA content. In soone omhonlimonts, when the cell of intorest s nogative Ry g prodiforation

marker and the parameter of inferest 13 befween one and two, the coll of ntorext is classified as
the ciroulating tumor eofll In some cnbodiments, the method includes excluding miledic colls by
exoloding colls i the sample that are positive for profifevation andfor mitosts markers, In some
swmbodiments, the mwthed mehudex excluding apoplotic o neorntie sells, for oxampls

excluding cells in the sample thal are positive for apoptosis andfor noorosts makers,
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{1823} In zome ombesdiments, the method tnckades calvulating a confid

classification of the voll of intorest or & probability that
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183 In some ombodiments, the methods deserthed |
taplemeted ot least i part a8 & nschme configured 1o reesive & sompmuer-readably mediwm

storing  cowputer-readahie instrochions. The nstruchions way be executed by compuios

executable components integrated with the systern and one or maore porbions of the processor on

& cotopiting device configired with an apphcation conypwising computor readable instructions
for sxecption by g provessor, The compaoterseadable wediom can be stored on any sutable

congpaer-readable modia such as RAMs, ROMs, flash momory, BEEPROME, optical deviees

{o.g., 0D or BV, hard duives, Hoppy deives, or any suitable device, The compuder ciable
AN FE b R -

component may be g general or apphicaticnapecific processor, digital signa! grovessor, or other
progranenable fogie device, b any sullable dedicafed harmtware or hardware/fBrmware

somstsnation can aliomatively o additionally exscunte the Instrustions.
F184} Tis some ombodimers, the mothods desenbod hovan msy be performed manually;
in sone ombodiments, the methods deseribed hereln way by pocfiwaied partially or whelly

sutometioaily, for cxample by a computing dovice 20000 A computing devipe 2000 may boa

~ E X 3

3

sfationary or mobide computing devics, Moo-liniting examples of stativnary computing deviess
moluder & workstation, desktop, or any other noneportable computing device, Nose-bimiting
sxarpios of mobile oompating devices melude: a laptop, & nothook, a notebook, a mobile phone,

a wearable device, or any other suttable mobile sonpmating devive. In some cobodinenis, ss

shown w FH& & a wrzwi&m& device 3000 fn dmii{*ﬁa\g a ool a8 a ohvoulating twwor cell

mernory SH2N The movessor 3018 i connectad i the mumery 020 via one or move s busss.

The proceaser 2010 Ruwtions fo read mformation from and wetle wfomation {0 menwy 3826
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The meraory 2020 may be suy Wype of computer-readable modiam fhat &
wmsiructions for execution by e processey. Nonclmtting oxamples of computer-resdabie

nredinm include: KAM, RO, Hash memory, BEPROM, a hard disk dvive, o solid state divve, o

e

any ofher sutlable device, In some embodiments, (he computer-roadable instructions include

software storsd w8 non-lnmsitory format. In some smbediments, the computer-rsadable

‘a iiii{.iii}fi\ may e [ wined e the
ol the momory A0 The processor 201 may oiscnle ong o wors ssiy of inafractions 1o

effect the functioning of the computer, for example ¢ run an oporaing Svsiern, 1 run one o
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S

more applications, or o porform & method of iendifving a cell as & cironlating tumsor coll. Some
such myethods are desoribed v moee dotad] elsewhere heroin,

{185 T sone embodimoents, as shown w FIG, 4, the compuating device 2000 includes &
graphical wser nferface {GUL 20400 In some such cwbodiments, the GUT 2080 may display one
ot more cells or a population of vells that are analyzed by the processer §

Y to wontify any one

o ot of the cells as o owculabing tawnor colll Allernatively or additionally, dwe GUT 2888 roy

include one or more controls o aller one or nwee pavameiers, the fimetioniag of the sofiware, ov
a GUT appearance. In some smbodunents, the GUT 2040 ncludeys touch responsive capabiiilies

~

such that i compwises, foy exmnple, 3 Thin Film Transietor ol orvstal display (LODY, an i

place swi&{:hiﬁg EZ_,{_‘})S\ g resistive touchsersen LU 8 capaciiive touchsoreen UL, an ovgamig
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[186] Trsome smbodisnents, as shown w FIGL 4, the computing devies 2000 includey a
power sporee J030 The powoer source 2050 way power the compating deviee 000
alernating curreot from an ontlel. Alternattvely, the power souree 2058 may include @ haltery,

oy example a rechargeable battery {oug., lithium fonl.

X

Lo
f’/
b g
b
<5
s
P
e
5999

fIRTY I some embodiments, the coraputing device 2000 mclndes an mtegrate
20600 In somw such onvhodinens, the integrated virouyt may mehude sn operational sinpds

¥

tow-pass, high-pass, ov band-pass filter, sn anslog-to-digital { =\‘§§_} corverton, andior other sigaal
procsasing olrant conponenta configured to e, smplify, digitize, or otherwiss process an
fmage of & coll 1o oxtaot one or muwe pixel fmonsities oF OB OF more paramcters of mitvrest, as
gdoseribed slsewhers herein

FRORG AKD STAINING - EXAMPLES

1

{IR8 The following are examples of wse of the methods deseribed elsowly

fixing and stabning oohly sud idenmttfvmy @ cuculeting tumor coll i v coll sample. The smanples
were prepared acoording o the methods and compositions desoribed elsowhere borein, Although

sproific oxamples are used, it will be approctated by one of skl in the art that the wmsthods
deseribed hereiy mav beased fn e -m*;_gsiﬁf»i send wisd s prosonied hereln

§‘§ s%isg

vide lysing baffr, White bood colls were
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washad fwice in PBR. The cancer coll Hno A33% was grown RPMI sath 109

i1 173 cell culture flasks. Cells wers harvested with trvpsinEDTAL

FI58 For esch experiment uniess otherwise indionted, 20,000 cancer cells wore spiked

nin 00,000 white blood vells. Cells were then resuspended m vaniations of oyvlocentrifogalion

buffer ax imlicated, Gelntiecoatest glass slides wore pwunted into Cyinfuge T chambers and

’f}

P N

apan for ton minotes at S8rpm v o Medite Oyvtofugell {Geanany), Chambers weare then

&

roneved from the Cvtoluge, and shides nnmouated, CUare was faken net to ot slides with
depostted colls dry up ontively, Shides wore then wonbated in variations of the extvacelhder fixang

buffor ay wdicated. After thivty minutes, siides were vow xopas figuid briefly blotted onto

et
v
=,
s
P
,w
f,"

filler paper while holding sldes wpright, snd mmersed In variabions of the ntvaceliulr fxing

mdfer as mudivated, After ancther sixty minuies, slides were romoved oo the ntvacelindar
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fining buffor, mounted onto Coverplates {Thormof
PIXING AND STAINING ~ EXAMPLE |

FHLY Cytocenirfugarion Suffor. The smount of hydrophilio polvmer {og, PV i the
eytocentrifigation buffer was varted while the fuimg and staiming methods remained constant.

As shown m FIGK, A, 38, and 313, the ovtocontrifugation buffer mohules 8%, 134, or 3096 PVP,

respoctively, Al conditions molnded & Sxad amonnt of fixative 1n the oviecentaifugation ballon
G.OH% wiv chrominm polassium sulfate. Ax shown in FHGE 34, 3B, and 313 the cells appear
wregudsr with disrupted exivacolhilar roombranes, extraceliular mombrane blebbing (e, balge,
N g}ﬁ}iﬁi&i&;}_ of the ;ﬁfi&; aa nrenbeane of 8 oofll, and staming ariifacty appearing intreesiiudardy,

o~

Sugation buffor includes 18 PYY, the celis

v membrane distuption or blehbing.

il Sxtravellidar F cund of hydrophibc pobvmer B the extraceliudar
fixative and the tomporature 8t which the colls wore fived with the extracellndar fixative wors
varied while the niracellular Bxsbive, oviocenint a’ut\hms“z tfier, and slaning methods reroained

constant, As shown in FIGE, 84, 80, 8K and 8G, o tomperature of ~10°C was uaed d

fiation of the colly with the exiracellular Sxati &1, o, &6F, and oH, the

colly were fned with the exirascelhalar fixative whils oo dey jee {e.g., substantially or abowt S0°C

RS ’iﬁ\'}‘”{f}. As shown w FIG. OF, calls fixed on dey oo i 8% w/v hydeophilio polymey {8.g.

jood

BYF) difted i methano! have improved tntegriy, redhiced antifaets, and enbanced staining, w8
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compared fo colly fived with an extracelinlye fxative comprising losy (FIGR, 8A-80) ar more
(VIS SO-6HD hvdrophilic polymer or colls fixed at 1"
on dry foe (FIGR, 68, 8D, 6F, and 8HL

3
PLKING AND STAINING - EXAMPLES

{{FIGS. 8A, 80, 6F, mud 80 inatead of

{303 fatracetlidio Fivarive, The amaund of hydrophalic polyawr g, 8!

intracetinlar fixative and the tomperature at which the cells were fhed with dhe indracelindar

fixgtive were varied while the extravellnlar fixative, ovtoconurifugation tufler, and stalng

methods romained constant. As showe m FHES TASTD, there wag o fixed amoont of detorgent
and chromium potassian sulfate iy the htrsceliular fixatrve: 8.4% v TwoenZl and (L6119 wiv
chrotatam polassiam sulfale. As shown i FHG. 7A, when oells ave fixed at room fomperaturs,
moat of the colls are lost and the fow ronminmg oulls have reduced integrity, hnwreassd

fegradetion, and movessed artifacis. As shown In

substantially or abont <270, the cells have an intact extravelhdar wembrane, reduced artithels,

and fmproved stoining. As shown in FIOR 748 and 7B, o freeging (.., shout {i“‘if} or \i}l‘s

j
po
s
e
"
w
“
s »
o
g
e
..«

sub-freesing forperatare {og, U0 do -0 I advastageons during fixatio

%
ted

intraostiuly fixative to provent coll toss {o.g, B apopdosia, coll desth, afe} and to fmprove andéor

<

maintain coll tutogrity. As shows In FHG 70 and 70, hngher concentrations of ghyoero! tmproes
celtular wmorphology, Ax shown W FIGE. 7E and 7F, the amount of fixative {eg., chromam

P

potasaium sulfaie) was varled and the amonnt of hydrophilio polymer and detorgent were fixed:

18% wiv glvoern] and D898 wiv Tween20. As shown in FEY TE, omitting chrominm polasstiun

Sy Ry

resudes in cell foss and worse preservation of collular morphology. &s shown In FIGTF, 18% vy
glvoered with RO wiy chromivm potasainm sulfdle rosudls i optimal rosolation of collular

detail and substantially no ool loss,

{194 { ivrolovant prodoin was altored botwoon FIGS. 8 and

{8, while the smount of brelevant proteny, hydrophiiie polymer, delergent, and aming acid

repraned constant 2% wiv freslevant protein, 18% viv hydraphil

v ogdotorgent {og., Tweend(, sud 830 glveine, &x s

sevim allaamn s used i the Mocking bufler, the stau s du g has e

intensity of background strining weking Wdentification
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3

Gffonlt. As shown fn PURL 88, when hydrobvzed collagen i used, the stain iz beight and specifie
aveas of high statning are caatly dontifiable ay comparad (o background statning.
FIXING AND STAIKING - EXAMPLES

{195

An shown i PG VA cells ware gytocendnifuged

onte standard laboratery shides sud provessed by the wethods desenbed tn Pl | and olsowhere

herein, The cells were stuined with DRAQS {neclaw) as shows o Panel & in FIG. 84,
AloxaFluordEd-Vimentin g8 shown in Panel B n FIG 84, AlexaPFluor 384 pan-Ovickeratin

shown in Panel U FRG A& PE-EpCam o5 shown i Pavel D FIGL B4, Pacilio Urange-CD4S
as shown in Panet B oo PHY 84, and BY421-CD14 av shown in Panel Fin FIG %A, Asshows in
FRE 94 nuclear and coliular structores sre preserved, YVimentin {FR 84, Panel B, oviokeratin
(FHY A, Panel O amd Eplam (FHY 8A, Panel D oxbiby markedly difforent celludar
distritiion and structars, Further, WEBC and CDI4 (FIG. 94, Pangd ) positive colls can he

saxily distinguashed Bom canver iy,

P As shown in FEY OB, colls from the sume donoy andd the ssme cell ouliure bateh
as FIG. 94, on the sanse day, weore fixed with paraformaldebyvde 496, porforated with 0.5%

(puclvus) a3 shown o Pasel & i FEG OB,

sapon, Mocked amd stamed with DRAQS

iR

"N

i FIG. 98, AlexaFluoriSd-pan-Cyiokeratin ag

444.

ko

AlexaFloordBB-Vimeniin a8 shown in Pane
showr in Panel O in FIG. OB, PE-EpCany av shiown in Panet D wm FIG 98, Pacific Orange-CD43
as shoser i Panel B in FIG, 98, and BVAZ ORI as shown in Panel ¥ FiG 98 As shown i
FIG. 98, the nuclel (PH3 OB, Panel A} of the WBO appear diffime, the moephology and
shistritnnion of Oviokeratin (FIG, 88, Pangd O) snd Bpls
sunifar, and the morphology of WBC and U4 (FIG 98, Panel ¥} posittve colls iy distorted.
Farther, ax shown o Panel B o FIG 08, vimentin does not stain, Also, high suteflugrescence of
B s observed tn the PE chargsed s shown o Panel 1 in PRG. SR

FIXIMG AMD STAINING - EXAMPLE &

{197 KN4 Recovery, SUO000 colls from the lung capew

Y ST

onto slides wsing 1 Ovlofuge 2 {Statspin, TEAY and RNA ropovery was opwe

with 0% wiv PYP and $01%

dthed In FIG T e

mathods desay

X

ining acoovding ® the

v chromam polassin

o i FVEEY ARYINCTE S R T eawyE R ur v omed  wyros i iusnedey aneve Ty vk | e el
3 e b most freguently used wethody, pavadormaddehvde

i}

i

%

{FFA) and methanol fixation,
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ey For PEA fixation, shides were dried for five minutes
fnmersed i 4% PRA oy ton minntes, washed with PHE, incubated &

3

miles, and washed n PBS againe Then, slides weve block

o

O FaGhrome 030 for thuty minoales, mock-siained o PBSESA % for sixty mumutes, awd
washod with PRS belore baing monated with coverslips.

iy For moethano! Sxation, slides were dried for fve mumdes af voom temperaiure and
fmmersed i S3000 ohulled 10090 mothanol for ten mimales. Slides wern then blocked wm

PESRBSA 19 Tween 20 0.1%/Glvoine §30 for thirty rnfnutes, mock-sfained in PEBEARSA 1%

w/

Doy mtnutes, and washed with PRY before boing mountad with coversdips.

{34 A slides were mandained at 450 Ror fosty-oight howrs antt removal of coversiips
for analysis of RNA content,
{281 For RMA extraction, conunercisl RNA oxtraction Kix were used {Jonn Mosciance,

Gromany). The coversiip was removed and hydvophobie nk civeles were deawn sround the oells

[ 3

on the slides, Five hundred mieraliers of brsty baflor was applicd and incubsted for fve minatos

at room temperatre, Samplex wore axpirated and mixed with 3 mioroliters i:\;‘{};_...s‘f_ag_;eass‘}s}i. Mt~

spin ophumy were prepared with activation buffer accurding o e metructions of the

manizotrer and samplos added o the colmmm. Alley contrifpgation st 10000 ¢ for durly

seeonds, the How threugh way discarded and colwmny were washed two Simes with washing
buffors sopplied by the manufioturer. Then, the spin oolum was placed nto & new
aporocentrifuge tobe, Forty avoreliters of chuton. buflfie was added o sach cohawn and

ineubsted for one minwe at room tomperatee, Then columns were contrifuged w 10,000 g S

one wingte and RNA obtained m the Sow througl was measwred in 8 Qb Fluorometsr 3.8

3

{Thormo Fishorl RMA guaniity was compared to total RMNA obtaine
from the sawe cultiee on the same day 88 the Baation of the other sam
y REMI 1640 modia with 19 FEE during the fordy-eight howrs, Frost

FEX and re-comnted betore RN A extraciion,

PELE! As shown in FEG 1), the methods deseoribed in FIG. T and elsewhers herein

Yeof RNA a8 compared o 8 nothanol and PYA fivation resulis

presevve ws ko W

b3

i subatantial loss of RNAL Therefors, the methods and composttions deseribed herein offer o

undgie advadage o faoltate downstreary nwlecuday binlogy muthaeds, for example, gouetie

analyaiz, ranseriptome snabysis, and next-generation RMA sequencing.
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IDENTIFVING UTC - EXAMPBLES

- Y

1383 The lfewing sre oxamples of wse of the methody desortbed clsowhere hersin for
identtiving 8 cironlating fumor coll 1o 8 coll saple. The samples were prepared according o the
metiods and composittons desortbed elsewbere herem Although specific sxamples are seed, o
will be appreciated by cne of skl o the an! that the methods desoribed horein may be used In
examples bovond whal s proseuted hersin,

{204 Intoprated Huorescence densily or pived {nfonsity of 8 nuclear area of a cell of
intorest 8 8 vehuable roarker Tor identifving curonlating cancer colls, DNA content of colls can
serve ax an amporbed indicstor o confrm o oxchxde maelnaney if comtaped with
mmnnostaining of mwembrane (G045, O34, T4, white blood cell markers), oytoselic

{vimenting, andfor nuclesr aotigons {eg., HI Seril, a mitosis marker; caspass-3, an apopioss

marksrh

{2881 As shown and desoribed elsewhers hersin, a tvo-fold neresse i suclear TRNA

content can be fhond in healthy white blood colls (WBC) underpoing mitosis. Howevern, WRU

widergoing Moy 18 & very vare opvumeaee i healthy wdvviduals (for example, loss than ons

cail per 300,008 WRC). Healthy, mttotic WBC we chanwterized by oxprossion of WEL markers
LIS anddor U4 andior others, ag well as by phosphoryiation at Senine 10, Histone 3, which s

widely reported in the Hloratwe and sometimes nsed In routne disgnostive for detection of

mitotic cells,

{38} However, any two-fold inorease of nuckear DNA contend st acoomygraded by

-

phosphorylation of Serine 10, Histone 3 (a0 binding of anti-H3Ser10 antthody), or any invreass

other than twoefold, sepeoaally any norcase larger than two-fold, 8 a strong indicator for

&

malignancy of coliy found v the chvulation. Any decrcsse in nuclear DNA contont must be
evalpated togathey with heraatopotetio ster coll markers, such as CD3, with apopiosis markers

such as caspase-d, and in chinical coutext, for cxmmple, exchinding the

other diseases loading fo clevated freguencies of apoptotic cells w the cimulation, Note that

profonged storage of whole blood can alse Ivad o mereaas frequencies of apaptodic colls,
08T c o BEXAMPLE

1387 FIGL HLA shows g maicroscopy tmage of 8 BVS3LODES gate of & prosiate curesy

o

cell sauple and FHE HEE shows g microscopy tmage of 8 DylighiSfé-Vimentin stat

<

1 of the

sane prostate canesy vell sample. In compariag PIGND TTASTIR, there 39 a coll of interest 401



39

thal i stangng positive S Vimenting (FIG, 1B} b negative 1oy
staining of the cpfl of intorest 4 with DRALYS ax shown in FIG, HID rovesls that the cell of

400 has @ reduced DNA confent {8.78X0, a5 shown w i
compared to other calls 418 1 the coll sanple when the cell of uterest 4048 5
A1 are normaheed o the background 428, as desoribed I FHGS,
These duts sre consistent with the cell of interest either belng o
apoptotie, Forthor gnalysis with one or morg apoptosis markers woull
hetween these two possibilities
INENTIFYING CTC - EXAMPLE 2

{348} FIG, 124 shows 8 microscopy i

cell sample and FH3 128 shows a mivroscopy tmage of a DyLight39d-Vimentin stain of the

ame prostate cancer coll sample. In companng FIGE, 12A-128, there 3 g eell of &

a3

fhat iz stamning postiive for Vimentin (FEY 12B) bod negative for OD4S (FEG 124} Dulesr

statning of the coll of ntorest 300 with DRAQS ss shown i PG 120 roveals that the coll of

mterest 300 bas an ocreased TINA conteut {1.453X), as shown in the histogram m FIG 12D, a8

compared o other cells 310 wm the ool sample when the cofl of mitorest 300 and the other culls

sertbed i FIGHR, 293 and ehewhere hersin,

Wc,
l
i
f’/

SO are noroalived i the backgronnd 328, as
These data are conaistent with the coll of {nterest either belng snsupleidic oy a a.’éfmiatiﬁg RN

cell, To confum that the cell 1 not vodergoing bhoalthy mitosiy, slatning wi

,,».
oo
e
]

&%
v
ooy
L
=

7
A
ﬁﬂ
o
e
A
s

marker o mdosis marker would be reguared,
IDENTIEYINGOTE - FEXAMPLE S

{285 FY3 134 shows 3 microscopy image of & BV4A21-0D14 stain of 2 prostate cancer

S

cell sample; FIG, 138 shows a micrascopy waage of 8 Pactlic Qmnge-UD4S stain of the same

prostate cancer ool sample; and FUG. 130 shows & microscopy image of a AloxaFhuordRE-
YVimentn stain of the same prostate cancer coll sumpde, In comparing FIGR. 13413, the

~y

-} but negative for CD4S (FIG.

ceil of mierest HOO that s slaining posttive for Vime

D3} and CDH (PG 13A) Nuclear staiping of the vell of interest 800 with BRAQS as shown

i P 1300 rovonily that the ooll of wmitorest SO0 has an increased DNA contend (144X, ss &

oo

i the histograns w FIGL 138, as comparad (o other colls 1 i the cell sample whew the eelt of

inorest 600 and the other cells 618 are normalized © the background &

23wl elsewhere hevemn. These daita ave consistent with the gedl of iuterest eithsr being



40

ancuplodic or & clreslting tunor el To confirm that the cell i not undergoing healthy

db

oA
[

Yot
e

3%

<

mydtosis, staining with g profiforation marker o ntosis warker wa
IRENTIFYIDNG OTO ~ EXAMPLE A

RSt PG 144 shows a mioroscopy baage of a BYER1-0014 stam of 8 prostate cancer
cell sample; FIG, 14B shows a micrascopy image of 8 Pacifio Qmage-Ch48E stain of the same

prostate cancer coll sample; and PIGL 140 shows g microscopy 31& of 3 AdoxalFluordRE.

4«-
{"'
e,
q’
¥

YVimeniin siain of the same prostate canver ool sample. o comparing FIGE. 1441 &x
wo cells of toterest TOOA, TOIE that are giaining posttive for Vimeatin (FHa 1O bl vegative
for CEMS (FH3. 148 and TN {FIG, 144 Nusleoar stainmg of the colls of misreet 7004, 7808

with DRAQS in FIG. 140 revenls that the cells of interest 7004, 7008 have an inorsased DNA

rf

cotent {77 and 76X, rospertivelyy, as shown i the In

s

stogram in FIG, 14¥, as compared to

othor colls THG m the coll sample whon the cells of intovest TO0A, 7008 and the other cells 710

are novmalized o the backgrowmad 72, as desortbed in FIGS, 240

daty are consistont with the cell of nterest oither being anvuplnidic or s cuoonluting twmor cell.

o4
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oy
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To conlinm that the ool 18 pot undergong healthy mitosly, staming with a prodifes
ntosts marker would be requured,

IDENTIEYING OTO ~ EXAMPEE &

o
iy
treri

218 FIG ERA shows 3 microsenpy {inage «

2 *aeifio Orange-CIMS sain of 8 prostate

n
ExS

caneey coll savuple; FIG 158 shows g vnoroscopy neage of a PEphosphoryilated senee 10

Hintone HY stain (L, & probiferation marker) of the same prostate canes

@

stey angd FiG.

,,,
]
o
£%
(]
e
1
]
e
£%
o]
[
%
Vos
o
2{/
]
joed
s
poty

©shows § wucroscopy image of & AloxaFluord BE-Vimeiy

\ SEEASTEE DL HE A 2& &

’/

ool sample. In comparing FION 1SA-I3C, there s a ool of intorest RGG that 8 stainmg positive
for Viventin (FIG. 15CY, phosphorviated serme 18 Histong HZ (FIGL L3R}, and OD4S (FIG
ISA), suggesting that the cell & bewign and undergoing mdosis, Muclosr statuing of the cell of
itorest 8O0 with DRADQS as shown m FIG. 1500 roveals thet the coll of intorest B8O has an
mereased DNA content {2.02X), as shown in the histogram i FIG. 135, as compared o oy
cells 811} in the ooll sample when the cell of tnterest 800 and the other cells S10 are nombized

Pt
3

o the backaround S24, gs desoribed in FIGE

s
3
it
w
/«JJ«

agla are consisiont
with the cell of tuterest betug

IRENTIFYING 70 -
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RS FIG, 164 shows g mcroscopy image of 8 BVAZLUDEY st of & prostate vaneey

cell sample FEGL 1oE shows o mioroscopy image of @ Pasific Orange-U043 siadn of the same

oy

%

prostate cancer cell sempler and FHE 160 shows 8 nucroseopy hoage of 8 AlexaFluoniss-
Yimeniin stain of the same prostate cancer ool sample. In companag FIGS, 104100 dure s

coll of mtorest SO0 that s staining positive for Vimentin (FRG 180, weakly positive for €034
(P TEAL, Tyt negative for OGS (PR 1681 Nuclear stamng of the cell of wnterest 800 with

DRAGS a5 shown in FIG, 16 roveals that the coll of tlorest B0 has a reduned DINA& oontent

e,

Q83X as shown in the histogram i P I6E, ag compared © other colls 810 n the ¢ell
sample when the cell of interest %00 and the other celle ¥10 are pormalized o the bag &guss}
B30, aw desoribed i FHGSL 293 and slsewhore herein, These dat are consistont wath
anterest heing ancnploddic and malignunt,

IDENTIFYING ~EXAMPLE T

X

IRERY FIG TTA shows 8 migroseopy uags of BVl i

\

colf somyde; FEG, 1ITB shows a micrascopy image of 8 Factfie Omange-CUDES stain of the same

prostate cancsr coll swnple; and FUG 170 shows a microscopy wnage of & AloaFhord&&.

e, fn comparing FIGN I7AT, there s a

Yimentin stain of the same prostate cancer cell sam

eelt of huerest 100U tha s stalning positive for Vimentin {(FIG, 17C), weakly positive for CD4S
{FIGL 17B), W negative for CEHE (FRY 174) Nuclear staining of the gell of &
DIRAQS ag shown w FIG, 17D roveals that the cell of wierest 1000 has 8 reduced UMA content
(LTAXY, as shown i the Wstogran dn FIGL 178, as compansd o other oudly 1018 in the oefl
sample when the coll of tntorest 1000 and the other colly 1019 sre normalized 1o the background
10248, sy desortbed in FRON 223 and sleswhere hevean, These data sve consistent with the ooll of

nterest bolng sneupltoidie and malignant,

aot of hmitation, speoiie ombodimets w which

3

ewtbodiments may be otthzed and derbved

substitutions and changes may e made withoas g from the scope of thiy diselosurs.
Such embodiments of the ventive sublect natisr 3 bo reforeed 1o horeln Sultviduslly o

collectively by the term Movention” murely § anve aad withowt tieading o volantandy

Hnit the scope of thix application 1o any single Invention ov inveative ceneept, I¥ more thas ane

- beg

i Gt disclosed. Thas, slthough sperific embodiments have been dhetrated and described
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horeln, any armangement ealonlated fo sohiove the sume plepose way be substiuted v the

specific embodinents shown,  Thiy discloswre o intended © cover sy and off adapiations o
varations of varlons embodbments. Combinations of the above cmbodiments, and othey
swbodivoents not speciically desortbad bevein, will he appavent 1o those of skill in the at wpon

reviewing the shove desoription.
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CLAIMS
1. A reagent system for fixing cells, the reagent system comprising:
a first fixing buffer comprising:
at least 3% w/v polyvinylpyrrolidone diluted in methanol; and
a second fixing buffer comprising:
at least 5% v/v glycerol,
at least 0.01% v/v of a detergent, and

at least 0.005% w/v chromium potassium sulphate, in which the glycerol,

detergent, and chromium potassium sulphate are diluted in saline,
in which the first fixing buffer is applied to the cells at a temperature colder than -5°C.

2. Areagent system for fixing cells, the reagent system comprising:

a first fixing buffer comprising:

3% to 20% w/v polyvinylpyrrolidone diluted in methanol; and
a second fixing buffer comprising:

5% to 30% v/v glycerol,

0.01% to 1% v/v of a detergent, and

0.005% to 1% w/v chromium potassium sulphate, in which the glycerol, detergent,

and chromium potassium sulphate are diluted in saline,

in which the first fixing buffer is applied to the cells at a temperature between -90°C and

-5°C.
3. A reagent system for fixing cells, the reagent system comprising:
a first fixing buffer comprising:
5% w/v of polyvinylpyrrolidone diluted in methanol; and
a second fixing buffer comprising:
15 % v/v glycerol,

0.4% v/v of a detergent, and
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0.01% w/v chromium potassium sulphate, in which the glycerol, detergent, and

chromium potassium sulphate are diluted in saline,
in which the first fixing buffer is applied to the cells at a temperature colder than -15°C.

4. A reagent system according to Claim 3, in which the detergent is a polysorbate

5  surfactant.
5. Areagent system according to Claim 3, in which the detergent is polysorbate 20.
6. A method for fixing a cell, the method comprising:

applying a first fixing buffer to the cell at a temperature colder than -5°C, the first fixing

buffer comprising:
10 3% to 20% w/v of polyvinylpyrrolidone diluted in methanol; and
applying a second fixing buffer to the cell, the second fixing buffer comprising:
5% to 30% v/v glycerol,
0.01% to 1% v/v of a detergent, and

0.005% to 1% w/v chromium potassium sulphate, in which the glycerol, detergent,

15 and chromium potassium sulphate are diluted in saline.

7. A method according to Claim 6, further comprising:

applying a blocking buffer to the cell, the blocking buffer comprising:
1% to 50% v/v glycerol,
0.01% to 2% v/v of a detergent; and

20 0.1% to 10% w/v hydrolyzed collagen, in which the glycerol, detergent, and

hydrolyzed collagen are diluted in saline.

8. A method according to Claim 7, further comprising:

cytocentrifuging the cell onto a slide, in which the cell is coated in a buffer comprising:
3% to 30% v/v polyvinylpyrrolidone, and

25 0.005% to 1% w/v chromium potassium sulphate, in which the

polyvinylpyrrolidone and chromium potassium sulphate are diluted in saline.
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9. A method according to Claim 8, in which the slide is coated with gelatin.

10. A method according to Claim 9, in which the slide is further coated with chromium

potassium sulphate.

11. A method according to Claim 6, in which the cell is a circulating tumor cell.

12. A method according to Claim 6, in which the cell is embedded in a tissue section.
13. A method according to Claim 6, further comprising:

staining the cell with a fluorophore-tagged antibody.



