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COLLECTI ON MEDI UM FI ELD OF THE | NVENTI ON The present iéﬁ\s//ent lon is generally

. related to the field of cytological and nol ecul ar assays lan i%i cally
to the aredV@PRTBys for the assessnent of conditions usi n}é@ﬁ%’f ﬁgal

and nol ecul ar assays. BACKGROUND OF THE | NVENTI ON The detection and

di agnosi s of human conditions is of obvious inportance for the treatnent of

ar o o< MNIMIERIIIR 67 -3most < Moy o Scases.ar6preceded by, and are

characterigzggeby, changes in UNEVERSAE COLLEETHONMEDUIM:| | s. Changes can
I ncl ude the expression of viral genes in infected cells, changes in the

expr essg of genes in af I hanges in cell
nor phommmulﬂm%@miection, di agn&%ﬁmmﬁof di seases can be
ai ded by ssessnent of such cell states. Routinely, for patients

suspect ed 61%%avi ng one The present invéntiohiiogenerillyaelatzd to ther field afipytelogicaband

papi |l | oma virus or herpes sjnpl irus, a s le of cells is tgken from

the patient f&olesylargssays F%F@X tothe Area 02 ggﬁﬂ}'%?"i' the %S‘Eﬁﬁ’é'eF‘d%kﬁPB‘ilmans

swi pe or cell yl: rimarily affected by the disease.
P Eé@g |°?§’i‘%8ﬁ b PHo\diflaR by y y

These sw pes ect a mxture of normal and di seased cells with a
very limted total nunber of i&bkﬁRgﬂﬁggklﬂgﬁwéﬁre traditionally
sneared onto a slide for furt . al anal ysis was

attenpted, it was done at the expense of a cytological i analysis and was
done via qualitative neflhedestestiarharabsdiagnasistaf hinglan conditionsois of Bbvioumel y, t he
cervical sanpl.e obtained for conveni.i onal,.cytol o i S snear onto a slide
For o phol obIBRTENS Fgidhe Feqtent s, NOpHOHE FlaredenRicenl Hsreses ko by
cel | cytol 0gy pedd@emiriddom mdtiiark Bicdrfor {Heir d{dEnB§i§PRﬁnytd‘i’seH§é‘é%r@prE€é39@9y,

sanpl e collected for repeat cytology and/or dgenetic ahal ysis and other
mol ecul ar t estasd sigchamlbiarized\By, changes irethe stakeofishe hffected cplisd Changdsegy nedi a

modta wer o 4nengg R o S afHeS st el KRR R AR or

tests such as phémébhpdatiin AFRIERIE]Ls, @Al |c§mﬁe§hfé&lﬁﬂ1&9h&l%@63@l@cﬁdiﬂ 0
10-20 ml of preserving agents, which excessivel 31 di l uee . RNA and ot her

asssayabl e bi ¢ingnesis;land manioring gf diseasesican ber bythe assessmpan of spshicell
Further, whil e current preserving reagents preserve cellular norphol ogy
t hese reagents al'l ow degradati on of DNA sad RNA, such that quantitative

anal yei s requires at 1 cdauupt BERRSRT: RobBI R ilGne b o BRREN [
order to det erdjensds ot bxdikple RANAS YapiNOmvais bf ReirhesSirSIRR virtis, 3 samphd &f cells

Current cytol ogy nmethods use |arge volunes of a preserving, agent which

excessi vel y dii$ taken fope themetiont for @nalysis o Sisaerally.sueh @ sanple is inghe fogm ofar )
while th ' .
engent s al | 0wt s eal el tchihe SRR ek bAEIN S fblon by She BREREC RRE ST

protei n) such Jstaly cpllattta miktire ®f aommhal ahd disessedesls witha vefy! limitédtotal Riuhber

nmet hods and nedia to_preserve cells or .tissue for analysis_ b .
of cells. The collected cells are traditionally smeared onto a slide for %mher analysis.

When biochemical analysis was attempted, it was done at the expense of a cytological

analys?s and was done via qualitative methods such as in situ hybridization.

Routinely, the cervical sample obtained for conventional cytology is
smeared onto a slide for morphological analysis. If this sample identifies potential
disease by cell cytology, the patient must return for colposcopy to have a second
sampfe coliected for repeat cytology and/or genetic analysis and other molecular tests
such DNA, RNA or protein. Recently, liquid cytology media have appeared on the

market, which provide for enhanced morphology. These media were discovered to be



“bot h nor phol ogi cal and bi ocheni cal anal ysis has proven probl emt( dUNs2002e
past. For exanple, fixing cells or tissue for norphol ogi cal anal ysis
_conprom sed the ability to do biochem cal analysis. Preserving cellular RNA
was done at the expense of DNA and norphol ogical analysis. Simlarly,
preserving cellular DNA was done at the expense of RNA and nor phol ogi cal
anal ysis. WD 94/ 02645 reports nedi a conpoegi-tions for the use of detecting
nucleic acids by in situ hybridization. However) these nedia conpositions
are not suitabl @nmb}sﬂ@meféWQméﬂqhdﬁf%&m%Né haysves, celiyarg pomtigelk cr | bes a

devi ce for coll aghd-nd iyl - ﬁfoﬁﬁ&?)vﬁiab&is?wﬁcﬁéﬁ&@siv!@dﬂ&@b}lﬂ%ﬂﬂﬂ{d the

pur pose of cytological analysis.” This device is |limted to qualitative

hi st ol ogi cal anmmuMomqlmmmmwmﬂmwm Fwdhennal ysi s of
cel | ul ar corrpon g:féc}ﬁﬁ réSgehi pREH AR Hn@ﬁbﬁoioﬂﬁh&eﬂﬂe&% reports
ectlng pap sanpl es.

a device for coI Part of this device is a container for
hol di ng a cyt of midawﬂm;mf and RN spchthas quanpisative, anabysisi beeames difbewtai ned
in the device. irh Eﬁyp% gf the present invention to provide a

gener al collectlon ne Iu |dent|fy|ng ceIIuIar nmor phol ogy and

quantitatively preservi norpid\presditdayansl mmalmme;:bwhwgl e
sanpl e regardl ess of the _ disease to bcs‘g ted I s, anot her obj ect of

the present i nv STPm BPRUERS in,Prasy i deieming; 8@1?“583?'1“&’{'? ‘f or
preserving cell th a@ymmdmlﬁhegs\amaafgwf ﬁgl rﬂm&.ﬂmﬁ_'leaﬁl or.
protelnsmace imt nunper. ca re available in
t he sanpl e. ‘§‘°iﬁl\g¥|§% Jgﬁ ﬁB“’ n@?@?ﬁ f’ﬁ%’n‘flﬂ? Y ovi de
C?rmosi tions aﬂ%ﬁﬁbﬁi@dﬁg&ﬂ&pﬁ%ﬂ&mm?@tﬁ&Maﬂdmmﬁ?ﬁbﬁml glcul es
of interest. The t CONpOS this inyention ste probl ens
encountered in V‘Q‘Eﬁ?g'PF‘Baﬁ“'ﬁ‘& b&“‘eﬁ‘ﬁ’n‘ﬂf‘%ﬂ%%@ﬁ

Pcrl us9sns3az nenkigdsbesotfids impossiblesi t U hybri di zati on or non- d| rect nmet hods
whi ch require separation of the bionolecule of interest fromother cellular
conponent s before anal ysimsngﬁwwﬁd"ﬂdﬂiakd\m‘aﬁﬁb@lh'ﬂnmmmNmrwent [ on

relates to the ection al S e.
new cell coll ecﬁ’lo *boldtﬁ’h d§f°§c oseaﬁ%ﬁs%ﬁg presg‘oves gg{nh%ec&ﬁ For

mor phol ogy and csshrhpit,dixingiceismr tssu¢ for morpholggisal anaiysis compronisesd shesbility ta cel |
sanpl e so that et | ﬁﬁé &g"ﬁﬁ | Logl tient
sanple. The statrgébtcl)‘*gg%'ﬁ ce § gan g@é@s@&é%flé&qg{h evi ce 0?8?@'

col l ecting cel | Andmomhoiokicdl anslysis. Skrilarly;potserving celtdar wasndone atdhe t he
present inventioy ér@é’&JWA?an% H&&gﬁfﬂ@gggl | norphol ogy and detecting a

speci fic DNA sequ nce or neasuring t vel s of expression of genes

involved in a cell stwbesoass ﬁma{ewmmsm%msraﬁl&rae&&ngaeéww&rby% situ
to reference genes . in a specific ratjio, as _an indication of The state 0f

di sease in the nidizatiqn, ﬁweﬂm@m%nﬁw@wfoammdemﬁ%e
onset or progression us sasm7hue§aﬁoeeeladméelf&rboubwﬁé1cdnmuﬁﬁﬁpns mbvod @ative \confainkr for

exanpl . Lo pr atefilsSo bbbl e BRES hnkodls YR B Rp] g Tos
particul ar di seatbedeyice isgotsuitableJortthecanalysisps cellular ¢Wmmwmmmcmeﬁud$3d

by the state of the %55701'25@&%@&&9eh§c&&%gtp9p fl§ Pirt FWLASick 3 container
ef fecti veness of gﬁher for a_di sease by |dent|fy| ng appropriate therapy

based on the i ndPthplding acxlofixatiye, (Howgyeryio crlhmsa?mgnwl&m mhedeices t ot e
of cells subject ed to the t herapy. I n an ot her, enbodi nent of the |nvent|on
a universal cell col | ecti®iarebieiof the present inyantign 1o previde pegenerehcaliections

si nul t aneous pr emedijd fdr Ridn@Hying %llﬂaﬁ%ﬂiﬂ&b%d%ﬂﬂm@n@&?bﬁﬂﬂhﬂéDNﬂ, RNATR |

vol une. Al so enbo |§% I.n the present invention is a device for coIIectlng'

such cell sanpl e ofisr bjomolequies from i single; sampic mpardiess of theliseass o bedeteptedis and
conpositions are provide le is.anal yzed a cord cel |
mor phol ogy and bi ochen cf’b %"ﬁ?ﬂ”?‘ 2%%&??8?5‘“& “T‘ff 5@% cal
anal ysi s i s eit henliecyion irieiamiforgreserving a¢lt mbrpholotsy aﬁd\dud[hd&ftkj l;pxdmal yzes RNA,
DNA, - protein, Ca&poon}/aq{xg{ &t p%texgsntxacelil'sampl]~ ~~Jlnm 2 Vgsggtj cg&szaZeSavmlable

in the sample.

It is another object of the present invention to provide compositions and '
methods for solution-based direct analysis of biomolecules of interest. The methods

and compositions of this invention solve problems encountered in non-solution-based



-4 conbi nation thereof. BRI EF DESCRI PTI ON OF THE DRAW NGS PCTNSF@I ﬂg@zlzg)gfl g
1. UCM 127, baseline ( 12 hours at RT). CaSki cells. Magnificat :

. Papani col aou staining. Fig 2. UCM 127, 3 weeks at RT. CaSki .

Magni fi cat i JHORIMBE  Papani col aou staining. Fig 3. UCM 127, %%g’zgﬁ“ :
CaSki cells. Magnification x 200. H&E staining. Fig 4. UCIVI 128, (12 hours

at RT). CaSki cells. Mgnification x 200. Papanicolaou staining. Fig 5. UCM
128, 3 weeks at RT. CaSki cells. Magnificat®on x 200. Papanicol aou
staining. Fig 6. UCM 128, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E st ai ni ng Fimgtifods i as30 st bybridizatiopr monrdireet metipds @gsk irequiére|sgparation

Magni fication x,.20 at CaSki
cells. Magnifi 85@1 g’h"'l’j&‘fﬂg. tﬁ%e"ml S‘Fﬂ"gg'ﬁ‘%%éﬂﬁfﬁgmpﬁ?‘wgg&%@ 5 6 weeks
at RT. CaSki cells. Magnificati Fig 10. Pr eser vCyt
(-1 34), baseline ( 12 hours at g&m&m Sy WM| cation x 200. H&E
st ai ni ng. Fig 11. PreservCyt (134), 3 weeks at RT. CaSki cells.

Magni fication x 200. HEEThE ptedemtdnventiofrir€latés to the deRENdn, andlysisSdid mbnit&ﬂi’gs
RT. CaSki cells. tygglflcatlon X 400. H&E st ai ni ng, 1 0 JL~i 2002 WO

991 31293 PCTI usfeslhiiz diseases A pey cel coligetiormmediym p53isclesed svhichepreservasdwtls  at

RT). CaSki cell

Oyt oRt oh {1 35) co DAy pefthe FidhiolceRR Uy baRtSt Mgl grpell bl so
Papani coi aou  stigit fulgple bisgysléan te)dafriidadut fronba sinfle\padikrst sainEET Theatdté ofthik | S.
Magni fication x 400. H&E stainjng. Fig 16. UCM 141 6 weeks at RI. CaSki
cel l's. Magnifi €els 53R bg assgssedyging %ﬁvmerfgr cqﬂegnqszcell@lamsamples in yEeall velumeT
CaSki cells. Magnification x 400, H&E staining. Fig 18.UCM 141, baseline at
RT. Nornal epithelial an@negsibodiraentof m@wxntmvemwnxnmseﬁxgmmnmm;ul

20. oM 14t 10 DGR Pl ifing Bsp@if BN hecncCorBBlennd B8 IRBIYT cat | on
x 200. Fi g 21. Ughprésslon dfGetleyinvélived ira célDstare) aﬂﬁoﬁﬁhhﬁ_&#eﬁﬁpﬁbﬁ to each

cells. Magnification x 200.Fig 22. UCM 141, 10 da Nor mal epithelial
and CaSki cel | sthengniorretesance sen@szme specific ptipgas ammilx.:amon afthejstate ofm disease

paseli ne at R if Ko THIF s gin bATRL g kel Bl iprorind rdecil mogBtpiche
2S. UCM 149, ba$ehy henai cdhd(ﬁonl\bmm bausps 4 biedniga in eelimbphislogy @k islevels or

Magni fication x 200.
g structures of specific biomolecules. For example, the present invention can be used 10

-

assess predisposition to a particular disease or to assess the stage or risk of a disease as
indicated by the state of the cells. It can also be used to guide or assess the
effectiveness of a therapy for a disease by identifying appropriate therapy based on the
indicated cell state or by indicating any change in the state of cells subjected to the
therapy.

In an other embodiment of the invention, a universal cell collection
medium is disclosed. This medium allows simultaneous preservation of cell
morphology and biomolecules in a small volume. Also embodied in the present

invention is a device for collecting such cell samples.

In a further embodiment of the invention, methods and compositions
are provided wherein a sample is analyzed according to cell morphology and
biochemical analysis in solution phase. The biochemical analysis is either qualitative

or quantitative and directly analyzes RNA, DNA, protein, carbohydrate or any
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RT. Norma! epithelial and CaSki cells. Magnif ration Xx 200 Fi

-149, 10 days at 4 C. Normal epithelial and CaSki cells. gn

200. Fig 28WORRIH3A9 3 weeks at RT. Nornal epithelial and Cgéwg%déﬁg@
Magni fication x 200. Fig 29. UCM 149, 3 weeks at 4 C. Normal epithelial and
CaSki cells. Magnification x 200. Fig 30. PreservCyt, baseline at RT.

Nor mat epithelial and CaSki cells. Magnifi<htion x 2d0. Fig 31. PreservOyt,
baseline at 4 C. Normal epithelial and CaSki cells. Magnification x 200.

Fi g 32. Presercopvhination thergef. at RT. Nornal epithelial and CaSki cells.
Magni fication x 200. Fig 33. PreservCyt, 10 days at 4 C. Nornal epithelial

and CaSki cells. Magnifi cat BREERK DESCRIPTFOBAOF PHHESDRAWINGS weeks at RT.
Norntal epithelial and CaSki cells. Magnification x 200. Fig 35.

PreservCyt, 3 weeks at It n

Magni fication x 200. Fi 4F'§61 09%152 bag§ eladlﬁg' gfs%?%kg%ﬂfel&pl t heli al

and CaSki cel |®§a Mgaid‘mpmo q?a?amaﬁ&uda_,gl ng/. CytoRi ch, baseline at 4 C

Nor ma3 epitheli a% and CaSki Magni fication x 200. Fig 38. CytoRich, |
O days at RT. Normal epifigali aycd2Faieelestlt R, d!BHmeflkCﬁfa%mca&no%%oo 10
J~~J 2002 WO 99131173 PCI™I'US98] 26342 Fig 39. CytoRi ch ays at C.

Nor mal epi t hel PapanizoldoCstgliing;el | s. Magni fication x 200. Fig 40. CytoRich, 3
weeks at RT. Normal epithelial and CaSki cells. Magnification x 200. Fig
41. CytoRich, 3 weeks atFig3C. NOMuAR7apwetlal dt RT. QaSkicelsi Maghifisatiodbg200.
cation x 200. Fig 42.. Conventional Pap snear (archival). Magnification x
120. DETAI LED IMPEON OF THE | NVENTI ON The present invention relates to
a universal cell collection nediumthat nmakes it possible to conveniently

col l ect and preserve celFigd. andGNdR8, (8 hourstat RIgr Calld eelisrMagnificatipex 200.

exi stence or i nﬁaﬂi di sease isolated froma single small patient
sanmpl e, usi ngp%%é%gl%f)gc £a nol ecul ar assays, or both. The instant

universal cell collecti OlttJ r?dl ElrEI\H 15§e§ wee scaetll{'l'. I&E%h&lllg%agniﬁcationxmo.

Papanicolaou staining.

Fig6. UCM 128, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining

Fig 7. UCM 130,baseline (12 hours at RT). CaSki celis.
Magnification x 200. H&E staining.

Fig8. UCM 130, 3 weeks at RT. CaSki cells. Magnification x 200.

Papanicolaou staining.

Fig9. UCM 130, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining.

Fig 10. PreservCyt (134), baseline (12 hours at RT). CaSki cells.
Magnification x 200. H&E staining.

Fig 11. PreservCyt (134), 3 weeks at RT. CaSki cells. Magnification x
200. H&E staining.

Fig 12. PreservCyt (134), 6 weeks at RT. CaSki cells. Magnification x
400. H&E staining.
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and preserves nmacronolecules in a cell sanple for either qualitative or
quantitative analysis. One useful formof the disclosed celdj &Bkhgcti on
medi um preserves nucleic acids in the cells. Such preser‘fﬁ'ﬁ h can be
limted to refrigerated sanples. Alternatively, preserved sanples can be
kept atwors9BE¥? tenperatures. Different forms of the universal collection
medi um preserve a sanple for days or weeks or nore. The universal cell

col | ection medi um can be used to col | e~ cell sanpl es for any purpose and
is not limted to use with any particul ar_as tHhRd). Cabke B ns of the
uni versal collecti onr‘zmag'gur@)qgmohi(mabﬁﬂ‘%?@gx‘ogﬁa@ne i sotoni c solution or
an al coholic sol utiorf'80¢h as rreqt?r‘lanol.h%et hanol, or a simlar alcohol, an
RNase i nhi bit or. .S ().,Pa;ﬁﬂa@i A StARRE protease inhibitor s .

pepstati n. m&‘;‘}ﬁ&#@e’f@nt nucl ease inhihitors RT.eCkS\dWQ“S‘M?Wgﬁ%P??X

i ncludi ng, for exarrplﬁi dp@n@mlﬁc}tﬂr}éb'éx‘&e, chel ating agents and

det er gent - based corrpour% S .af%wel | as specific inhibitors such as RNasin.
Any known n ieslahostaipiigt ease i nhi bitors can be enpl B!

present i nvgﬁb‘ﬁ%ﬁﬁgs a conponent, ?‘f lﬁﬁeegkwﬂtﬂ- CaSki &B\S%&F‘r‘gﬁ?‘hﬁﬁ: n
order to preserve the gigt5i daytaRich (139)1° 55227375002 wo 99/ 3273 -g

mol ecul es of interest in the a sanple. PGINS98| 26342 The formul ati:ﬂr&z of I
this inventisp PR&E/seINor the first time means for penf Fib&ionyd gi ca
and nol ecul afmbanal ysis on ceuﬁﬂ%hc@@é\&am&aﬁw&ﬁ héig | n‘gl e sanple. The
cell's are obtained froFiglfa tahd stored in the UCM of this invention.
Fromthis single sanple, cells are extracted and a cytol ogi cal exam pation
i s perfornedH&betab®?®8-yl ar DNA is qualitatively g -gM@MggmﬁoaéblyxéQ m ned,
the cellular RNA is quali égtiﬁgwlm,smmksﬂt%?ig l% éxam ned, or any .
conbi nati on of anal ysi Jig pertorned. The different anal yses are perforned
concurrently or, for. exanple, after the results of the cytol ogical. anal ysis
are obt ai ned,Hﬁ‘?es‘?,’%’Ing's are subjected to. nol S{PW@W‘@ mgﬁglq/\%ei\gs or
even nonths |ater. Convg;gsﬁ.yucaﬂtléﬂ,bﬁFmt ‘anal ysis of the cells
contained in the UCM f0Or® exanpl e by automated screening, the sanple is
retrieved for b al208nal ysi s, days, weeks or even nonths s celld
one enbodi rrem}ﬁix)éﬁt‘%gbi nvention the un!i vg‘;‘gg“egmenmﬂm‘hf‘éﬁrmé ?{%’Wc
fornmul ations of this i nvmgusonUﬁMal‘bb ed, water-based sol utions which
conprise a preservative Si&g as a mxture of one or nore al cohols, a "
cross-1inking Rificativh X% gent to inhibit degradati.on. Hﬁ% CaBIA cahsl
protein. The ugggof the UCM f or. Iaitmomagysfwi{fﬂnwﬂéﬂﬁgﬁgéeh by the addition
of an antim crobial agenFig?ea any’ non-vi scous al cohol can be used to
formulate the UCM for, example, any C 1 to C 10 al cohols or mxtures,

t her eof can be MsgndficaPBE¢rred al cohol s i ncl Udeo(gguﬁog}ﬂﬁ%piﬁﬁ“m'qﬁh cells.
propanol s, butanols, and ,e%angtg,“msmcm@#‘eﬁr re et hanol and

n-but anol . The al cohol cait®onprise a significant percentage of the

formul ati on. For ex > al cohol (s) conmponent can conprise_abQut %
to about 75% 0~Matgﬁg"%)f%drxﬁul ation. Nbrsap:isﬁ' f@fnhlsepithelig) @pd EAPH é"’ﬁs'
range of about 1 %to abo%@ﬂ%@lﬁoﬁil’ 1Q AW e prefeaed is about 5%to
about 30% al cohol in the formul ati on. The pH range of the UCM

formulation is i : nx®00mai nt ai ning the cellul ar bi ochenical i cells.
mor phol ogi cal irﬁggfgl?ﬁ?ibof t he cel Ir\z. ﬁt%l—&as,ggggo(o.me'mhﬁplg?e?af%da ou': 6 is
used to fornulate the UCI\/IpiFgﬁShqu N 1ion. More preferred is a pH range
of about 3 to about 5 and Wn@@ preferred is a pH range of about 3.5 to
about 4.5. 1 OMlagnif@Gon 9131273 PCTNS98i 26342 g_. Bu fﬁ JaT4Skuealls.
to maintain the pH of, the UCM at @9 ﬁgtﬁﬁgeﬁﬁﬁhﬂétm_abﬁ?‘ I that has
buffering capacity in the iFig2dat ‘&8 range can be used in the UCM of this
invention. Non-limting _exan@oes of buffer conmponents include glycine, .

mal efi c, phosphorMegnifiggtO8N T citric, fornic, or acet] lq:g{tggiaaanﬁCh&wﬂls.
| i ke. The cross-1inking ageg,t S2éofu\p'f}jﬁ49,masditi€(ﬂﬁ4c§rr§f’ Se about 1 %to
about 25% of the UCMfornul 8%&“h. Preferably, the cnss-1inking agents
conprise about 1 to abfo% Ax%er fromabout 1 %to about 10% Most
preferably, the c GRS ng agent conprises about 1 %to about 5% of the
UCM formul ati on. Cross-linking agents (al so known as fixatives) are

wel | -known in the art (see, for exanple, Stedman's Medical Dictionary, 25"
Edition, Wllians & WIkins, Baltinore MD 1990 at page 592) and their use
in the UCM fornul ation is now readily apparent to those of skill in the art
in light of the present invention. Non-limting exanples of the
cross-linking agents for use in the UCM fornul ati on include al dehydes such
f or mal dehyde, gl utaral dehyde and the |like. A preferred cross-I|inking agent
i s glutaral dehydebisulfite. Agents able to inhibit degradation of RNA DNA

I e I B 1 T T —y T - L




w2002
1 0 J~~J 2002 WD 99131273 -10 Pcrn~s9sn~~ cephal ospori ns,1 ga&f%lzldes,

penicillins, azides and the like. A preferred antimcr obinJrﬁ%Wj s sodi um
azi de. The universal collection nediumcan be used for a conbination of two
or nore assays of different characteristics related to a cell state of

i nt er estwo9¥3%8ed herein, the assay or assays refer to detection or

nmeasur enment of specific characteristics, the results of which may be

combi ned with other such measurements off other characteristics t.0 provi de
an overal |l assessnment of a cell suspected &II g%hggeipnﬁam@@ﬁ‘ﬁc s or
more di seases. These gsgzﬁ&/smmaclmwsq “eXanpl e, a conbination of

mor phol ogi cal anal ysi $*8&Md quani tation of a particular RNA or DNA or

protein or carb @06t ructure whose presence or |evels pr,qyj )
specific inM"tﬁé‘E%?%ﬁ&g% t he presence gr 9r§g{§,§i&ﬂmabépiﬁleh¢\s°é‘9?ég @s

uni versal collection @ghq,mmGM 19,0988 & e ol T ect any desired cell sanple.
Cell sanples are collecled in any suitable manner, i ncluding scrapings,

bi opsy, or isngsionac 200 r om any suitable source. Nuneroys kieehlsect i on
t echni ques ;‘@%%ﬁom and any can ?@ USR 'tm.mmp}%n&ﬁﬁaiaﬁ\algﬁtbl on.
General |y, the source pigl&l UC a“cell sample is chosen based on the

known or likely tissue affected by the cell state of interest. Cell sanples

for use in t%@ﬁménmxi?—ﬁgenti on can be collected angﬁf’%}%ﬁgaﬂmiﬂmuéﬁﬁ-
S

nmedi um Exanpl es of useful cel bkaé%C&éékﬂaﬂ*dCaN ervCoyt (Cytyc),
and CytoRi chTM ( Aut ocytl%ig.29-'l'hg medi a were devel oped for the collection of

cytol ogi cal sanpl es but be adapted for use with nol ecul ar assaés i/\/nen
nmodi fi ed as deiagnifibePMer e n. Nucl ei ¢ aci d det H&?‘Pﬂ £iad lapd BaRlircelly
fromthe use of a reagent i@pﬁ#s@“@y@mvlmq‘ﬁéﬁ' el ¢ acid degradation
prior to performng t heFi% y it the assay is not perforned soon after
sanpl e collection,.A. ﬁgfng. mediumis a preservative based coll eccani$ n

medi um t hat ha4asBEBPPT 2er's for nucl ei ¢ agci ds Akkgtﬁbmeﬁddﬂim !
proteins and that preser ! %IQ@JCSMCWbpﬁglp?a%uc o i ver sal

col l ection nmediumof.th gr esg(’rhtjI i nvention. One nethod useful with the
present inventi l ¥ason e ring the 10 J~~J 2002 WO 99/ 5.
PCTNS98| 26342 c%%llk@ ‘glhs of expression g(;%ag,gq?mlﬂmhal@ithﬁmi“b‘}aé@ge“n
state, and conparing theﬁggzgplmwr‘(ﬁw“t ch other or to reference genes,
as an indication of the ;:Q%{Oe of the cells. Such nmeasurenents can be

combi ned with ifi&fieon o0 increase the accuracy and relialiLiicaSkf the
assessment of t k‘é@gi sease state, The - §8eh mmgiqmah%m{*’ﬁggﬁged to
assess the stage of a di SERsS- aBrSHyIdat ed y the state of the cells. This
embodi ment can al so be used to-gjlide or assess the effectiveness of a
therapy for a dbatsah@g@f‘c?%’h%i ng appropriate gfer R4l and CaBli cells.
i ndi cated di sease state or _bé |§qk_&§;¢ﬁg3myksc4ﬁ§% 9 e state of cells
subj ected to the therapy. Fig 6 isclosed is a cell collection nmediumfor
preserving cell norphol.o d cellular bionplecules in a cell sanp SO
that nmultiple a%&%‘&‘gfﬁwﬂé‘eﬁggrri ed out on the sgg@ﬁ 1epiMn!/a!tﬁ es
and ot her hunan conditi ons B cp&rsenvCemﬁz\é‘éFkB?‘ pécific cellular

phenot ypes and gene expr esgg)n'g&gter ns. Such di seases and conditions can
be identified and/,pr iffcatietx BY-assessnent of specific cel] ul ar, : .
mor phol ogy or | eS8%™G Hisfgt‘:r uctures of tiﬁ#%)ﬁrR'pi}wmiabcmﬁGB. L& rcag?a%llse,
neopl asti ¢ and cancer ous cqiiégege(aﬁp&lq%y 524 I't certain distinctive

mor phol ogi es and growt h char%&tseri stics. Mol ecular characteristics, such ?s
gene nutations a ficatenX ion patterns are al so a gqod.. Rdi OsSkitells.
di sease progr ess?‘g‘r?.gﬂ\@ rally infect ecigc&lgagdﬁﬂm 4%6i Bpm i@*‘h&%&]i&g

mor phol ogi es and gene expr e¥ig ¥h &&'1‘? Fivs, 1 ncl udi ng expression of viral
genes. Using the present | nv&@bi on, the characteristics of the cell state,
such as changes i nMsgrificai®® Bit6l'ogy and/ or expressi on of 9en gﬁﬂaﬂdb:aSkiceHS-
determ ned $om a pati ent sa(rrip_l e T¢§‘° ,QQUstiaiRTe§°L“Balbé’ etected are
specific to the cell state igi38t FEET and the di sease suspect ed of being
present in the cell sanple. XS%@@ characteristics can be generally divided
into two types, cymaﬁice%‘rn characteristics and nol ecul ar characteristics.
As used herein, cytol ogical characteristics are characteristics such as,
for exanple, overall cell shape and appearance of the cell and its
organelles. The primary identification and classification of many

neopl asti c and cancerous cells has traditionally been acconplished using
cytol ogi cal characteristics. lIdentification of cytol ogical characteristics
is generally slow, requires a relatively high I evel of training, 10
~s.~~ 2002 WD 99131273 PCTNS98Il 26342 -12 and general |y cannot be easily
automated. As used herein, nolecular characteristics are the presence

T I [ N 1 .. L I T T R 1 o o,



1 0J! ~~J 2002 WD 99131273 PGINS98176342 -13 invasive means ﬁ;ﬁﬁigﬁﬁ
exanpl e, cell sanples obtained fromurine or a nasal, epithél /i Lical
- -or other cell surface scrape. O her nmethods for obtaining a e are
by needl e BY@B¥3127%r tissue biopsy. The cells are collected Fﬁ(‘#@%ﬁ#@s of
| ess than 10 ml. More preferably, the cells are collected into vol unes of
| ess than about 5 ml, and nost preferred the cells are collected into
vol unes of less than about 2 m. Conbinatfoéons of multiple assays nay be
used with the nedia and_device of the present invention, and can be carried
out fromthe collecti onFigd-uleyteRich, 10 daysat 4 3epNermal epithelial andECalkisels. of
t he conbinati%@mﬁhkﬁﬁ§§¥§obs the use of a universal cell collection nedium
that allows a’si gfe cell""sanple to be used for nultiple assays of
different types with a m.ni r,of as zspecific.pr.agcess gg. st.eps
required. For exanpl e, ?ég fgumgggg‘aiﬂ?ﬁ%c%m r’@ﬁI e%ﬂ%[’@@f'gﬁaggig Sar e
typically col INgngftation & 208r ge vol ume of |iquid which | eaves the cel
sanple too dilute for nost assays of nolecular characteristics. Prior art
methods do not provide g 4fli 'GRERIER! 1 IREkS Y 00 Narfiif Qi ahd ASki cells.
nmol ecul ar analysis. The prior art nmethods require several extra steps, such
as a separ at e Mapgnifeatiom&i200. st ep, which is inconvenient and may result in
many of the nol ecul ar conponents of the cell being degraded. Cytol ogical
cell sanples, while optiPigadrd Caveptioma Pap srgear ¢archival) Magnifivationeni20al | y do
not preserve nucleic acids well; thus making the sanple unusable for many
nol ecul ar assays. Cell sanples for use in the nethod of the present
i nvention can be fixed or processed in any manner consistent with the
assays to be perforned. ETAYEED SESERIPTION OF G ATVERETOR! ecul ar assays
can be perfornmed using ce T on a [T 0 [ ) N as a slide.
Preferably, however, nol ecul ar assays are done in solution. The
redui rements of the assdhe prasemdnyrntioprelaigs td 2 uniyensalrogllicplieption mediam that
sanpl e process] . Pe e Th I ] ribed. aghove can
al so be used v%\?gt?(%s h&ﬁ%ﬁ}tg??‘f gorné'ﬁ Eﬁgg@feacg%“@g%g‘éée&glg %‘Pgeig;.se% a "l“?,gr t he
measured | evelas@bsmenpofticristente or pR@Ressibn bhi disedt isoldted fromegiigle Small Or
exanple, to the | evel of expression of the sane type of ~ 0 JL~! 2002 WO
99131 273 PCTN®3tient sample, using gaolegical assays; melesplar assays, gbthe (such as an
earlier cell sanple fromthe sanme source or appropriate reference cells),
to the | evel of expressilig ingam univetsal eqlt collggtononedjumepreserves eeld momphology
different cell sample, to the,level of .expression, of a.,reference.gene in
the same cel | B BHFEveyRcrgmbiesales jof oo S4sonlf Kretner RIAvEPERRUETNE . | 1
reference cel lanalyki¥pOaé abefil fofm @F dasdisdiosed el ealecﬁaﬂnheimgﬁsaeeh niRlei@ any
sui tabl e met hod, For exanple, RNA can be defected using hybridization,
anpl i fi cat i on)aciss inthg el Sushinsessrvation san by kimped tasefrigerated samplesony dr at e,
can be detecte ' L] ' [ : .ﬁﬁﬁﬁr Ofy; jfic
detection of ggﬁ%ﬁgﬁngggg%%§f%§ﬂ§§$ecﬁ??ﬁpo gﬁ%%?%?%#on pf%dgg?§,€¥£§E
known and can dfehensriversil tblldckion thediim prdertvisariple forddysion weekswor marteThe ng

and neasuring the |ev f expression Qf gepes of injerest i.s detection of
RNA transcri ge‘auvwﬁfﬂ@%ge%ﬁmsiwaeﬁsﬁﬁ tocsollerieelhsumpies fir 28y gupose
compari sons, C#AERR ity Ghowith ahy Barfichr RRaRIERREC Sorle Uitk asur ed

usi ng the same techni que an e per n t'he sanme nmanner. ef ul
t echni ques f orunineasalicollegtioinmetiemetonsdin @xtpfferedisalineiSotanigesohitioh or an alcelsdlici N a

N le i de the hybrid capture techni described. in. WO 93/ 10263
by Di gene, PR s #y RSt o8 oA Lo o5 FOAGE BYSLiE B o
1997)), branchredadiland s protease sAHEBHRGH stch asSipéthlin. Manl Aifiereat rleBRAnRbAGHS

anplification (TMY); Stoflet ( 1988)), and pol ynmerase chain reaction (PCR)

| i gase chai n rasaka¢wminthemt, inclutlings fosesampld, vanadate complexes, chielating agentsm)d
nucl ei ¢ acid seguen based a ification ((NASBA). strand_displacenent "
Dol 11 cat | on CERHRME-Saa CampPRRYS sl APesiDE R ony pied 28 KNSSI, AATRaFEM o
Mushahwar, (19Qitleasd @idrts Prétbase (AHBRIrs cal\bBhPIdFePMIBY Prebétt inveatiseasart | on
and neasurenment of gene expression products are known and can be adapted
for the deter ngamponent of the yniversa) epllestion madium inoerder togsessrveshe pastiewlarst  usi ng
the UCM col | ected sanpl es. The present invention provides nethods for

anal yzing cells that previously were unavail able. For exanple, a

conbi nati on of cancerous and noncancerous cells were placed in a Universal
Col | ecti on Medium according to this invention. The norphol ogy of the cells

was exam ned after storage at either 4 C or roomtenperature for periods of
12 hours, 10 days, 3 weeks and 6 weeks. Slides were 1 0 JAN 2002 WO

99/ 31 Z73 PCTNS98126342 -1S prepared by staining using procedures well-known

in the art, for exanple, Papanicolaou staining and Hematoxylin and Eosin

1 1A A e - oA oA .



PCTI US98/ 16342 -16 nore DNA sequences, and sanple handling c [qt ;;nqeﬂmz
Useful reagents for detection of DNA sequences andl or RNA seg are

. nucleic acid probes or protein nucleic acid probes for thos .
Usef ul reaW@®81378r detection of DNA sequence expression prgﬁi’i‘{ggﬁl‘g&s
(proteins) are antibodies. Aberrant carbohydrate antigens associated with
cancerous cells can also be detected by antibodies. A kit may al so contain
control sanples or reagents, or reagents 2hd materials for per form ng ot her
assays to be conbined with the disclosed assay. The present invention can
be perforned molesyledelinierestanithsizsample.-t he met hod. Numerous devices for
performng simlar assays are known and in use and can be adapted for use
with the discl osed UCM The formauldtions of thissiayentimcpronidé Gatshe first tisveangane for

devi ces are kno for au art o | e assays,and s l e
ol mg | SBEHEInG a0l sl tmplcyler analiBf el SEVRAFE SRBISA B FiBEGy
or managed usgﬁg@ﬁpgﬁee&u & HORLA phticRt Y RORd id B VEMPoR]s!ifGdnfidn oM

t he di scl osed rom any” ot her assay used I n conbination,
can be conpil dﬁoma}mlsmgwsanmhj colls mtexiranmchmdmwtﬁognal evathifiasionsir i ous

PR or conbhsritmiens e Ceier oA B a Ve o SRRt o R edh P cefluat, aoe.
The usef ul nesgng{ lssq«bﬁhtaﬁvawgaaiﬂmﬂi:vregamﬁuﬁed Br AdecombiRfiondf aRBIPSiY jEMent s

or assessnents to be conbihed, and theé relative inportance of eaCh type of
measur ement t penfcbrmedv Jiha differensaoalyssstare p}:rfqmted icopsustgntlyror.ifor exampleiafier t he

di scl d t I t

Mhcor por at ea. RTERag et far SV itioPRa SRREHE areRRRERE i oih ] Sbiried P alular
control I'ing t hgalgiSadyasweekIvt B0ch mbams ldtéig cyme@aglmmlé@ﬁaangsbhme
di scl osed net hod, or bot h. 10 ~s =~J 2002 WO 99131273 -17 EXAMPLES

PCT/ US981 f16342elt|sm9n@mﬁn de UeMsifer examplaihautemated sergening, the, aan;mlp ious )
Cvent ton i n- R EHdREichEb BN el o Bk RS iy, O 'o”‘oé%f NaNB 5

nmvl EDTA 2. 5% d ut ar al de de Sodi mB| Ifa G pH

3.7 Formii ation 128 209A1PPESTEROGmERAT ‘Eb‘f‘zﬁl"?sglo/%wecmnme fum

d ut ar al dehydesEngitammBagetsiottas {xﬁeﬁncﬁ)ar@baftﬁi‘chla\%ﬁr-'ﬁmﬁ sBltiénslwhiRR MUl at i on
130 7% But anol 0. 05% NaN3 5 mM EDTA 2. 5% G ut ar al dehyde- Sodi um Bi sul fate

(G S B) 0.2 Meomprss -Iessryai Ve suctes avmixtuief ongar momds@holrs@,atcrqmlu#mg

samploa: 3 welk apd ip altit B SR RRRRe bURA i bt TH el

Cor por at i 0”) CoN Fbimsulhtesisis filrdtier 2Al4nced By e adtiRion & aﬂﬁnﬁmcréiﬁal@gcm.

Nearly any non-viscous alcohol can be used to formulate the UCM, for
example, any C1 to C10 alcohols or mixtures thereof can be used. Preferred alcohols
include methanol, ethanol, propanols, butanols, and pentanols. Most preferred are
ethanol and n-butanol. The alcohol can comprise a significant percentage of the
formulation. For example, the alcohol(s) component can comprise about 1% to about
75% of the UCM formulation. More preferred is the percentage range of about 1% to
about 50% alcohol and more preferred is about 5% to about 30% alcohol in the UCM

formulation.

The pH range of the UCM formulation is important for maintaining the
cellular biochemical and morphological integrity of the cells. A pH range of about 2.5
to about 6 is used to formulate the UCM of this invention. More preferred is a pH

range of about 3 to about 5 and most preferred is a pH range of about 3.5 to about 4.5.



~ 0 ~3~~~ 2002 WD 99/31773 -18 Fornul ati on 141 20% Et hanol ﬁ%))ul\@mgi
EDTA 2.5% d ut ar al dehyde- Sodi um Bi sulfate (GS-B) 0.2 M NaOAc 4
-Formul ati on 149 10% But anol 0.05% NaN3 5 mM EDTA 2. 5% P 98126342

G ut ar al deB8YHIW um Bi sul fate (G S-B) 0.2 M NaQAc- HOAc pHFETH

PC f/ US98/ 26342 Exanple 1: Ceneral Methods for Nucleic Acid Analysis The
assay for nucleic acids follows in general principle the nethod for
detecting H 'V RNA by the Digene Hybrid CapPure H V Test, described in WO

931 10263 by Di gene. Briefly, foIIovvlcvég £S|s 50 ~1 of probe m X
(cont ai ni ng ufferée)iars nsed teimgintaie thepH o &xsééCMoat@ac@nstmtwalueTmmd‘feeﬂms

seal ed and i ngub r

After hybri di ﬁgﬁ&@a‘:ﬁgg%g 1{/1\@5%&1 régir%g er r e Jmpe ﬁs?hégé\/qg?ﬁ{oocfgg‘g

m cropl ate, anfiveation.! Nofdlingitihg ekuﬁpleﬁofasuﬁdae&npmtﬁadmde ElychrRCialeR), I The
plate was agitated at 1100 RPM for 1 hour, at roomtenperature. Wlls were
washed 6X ti mihosphoRicdartaicysunc, formis, or aceli¢ esidrndythe ike.nash using distill ed

water. 100 pl of a chem | um nescent substrate was added to each well and
the plate was incubated Eleﬂwhnkmmmpmofﬂnvacm@mmnmsabddeptoeabeUMas

then read in tfig net e data _=x resse

si gnal -t 0- noi ?gﬁ%ﬁwg ‘B&éﬁr’i fﬁe%[ﬁl; ethe[tﬂ'gss $ﬁ$ﬁ d?%]‘ﬁél%

generat ed by Qaﬁtmﬁnswmmamﬁqummw%pyﬁ%ﬁm ?SthEQfosf-ﬁHun 10
or

.~~aae 2002 -19/1 Exanple 2: General Methods ogi cal Anal ysis HPV
16 positive cagenticopyrises a(boaewﬁ)to alequs 5Bh aﬁ@quwmmatmn 1Crpss-linking agmts 149

Syt or i ch ( AntBEy kagom s BEeRanEwRl IR AR i G 7 cxminble St L.

The basel i ne Medied meﬂimgr es'asamoar Walliafnd &J(Will&nﬂfBaﬁirﬁéﬁgﬂD 1590t pagedes
were prepared after 3 and 6 weeks. In addition slides were prepared from

UCM 141 and 1@'@-mdethels uﬁeev@ktbe HCM:formppiationy is new readily apparsattedhasp of plslltm ng

200 ~1 of cell; i oSham hen

pl aced on the 5 %gs %&gﬁﬂbt ecq&TWT’f .“nﬁ [}Eeo?]'hlreec?r%see rgd t he
slides fixed |a|gelﬁ§%ratshamhb ucem ﬁmml%mcluﬂb&ld&hydé@%u@iefomﬂﬂehymﬂ usi ng
routine Papani coI a st ai ni ng..an toxylin_ and Eosin The slides
ver e eval uat ec® hydq angith eH*%r‘ﬁé’E%E@"%%’PPRJh@PPS ES%ESSH:& ‘thé’ﬁ‘!’l ons, and
document ati on yipuifdae formof color pictures was prepared. Additionally a
smal | er study was performed using a mixture of normal human cervical cells

and CaSki cells. This m ons, 141 and
149 and in PreservCyt ar%é &{/seab h cgﬁ?rg%ﬁaaaﬁq\égcmhgﬁ?@&spﬁ?ﬂ“qrhto t wo
t ubes and pl aoedl-mo»ﬁinnahdmt THeyCcanAbdri by leithBroinhibitiripoerelmes ot segllestiting and
t hree weeks of stora slides were repg;tﬁ,él?land stai ned wi th Papani col aou

stai ni ng. The MR8 ?ng%a]t\lﬁ?léﬁse\ﬂéf’ aFI@%B’r%PW % udy:
cell dispersi Qelafif L%e%mﬂ’be%g&i RRbraPRhis iV ANBA.! Proéit ); inhig} 1! N9
intensity, nuclear/cC lasmratio, presence of nucl eo opI asm shape
and st ai ni ng oingmdatnﬁ QﬂlRIﬁA DNJA?amlfmmprolcm mnbﬂaﬂmggggenfs @ﬁMngegéms aeor ed

in different nd|n t and oRi ored for
12 hours, vveUCI?XL @R ee%f'e*aé%ﬂl&ré%’ Jtc?élac Eﬁ"i’ ﬁsef’fﬁs' é‘}ﬂgoel | s
(carcinoma celrtesower eawgéﬂ &la8, ORfordPniveRis T5£4£0985 rht%i.%ﬁam ed
after 3 and 6 weeks: |arge and hyperchromafic nucl el ova
shape and i r r ¢gbbtyratignuate imgtal Mmqudmpdsowmgth@qgtqﬂhamf bmpalymmsl Noned
cells, presence

f. di
Che o1 Bee®en timfing RSB bt HifhRE BREHE for e Lo Biasliof HirTis mleRGE Lot g
in all nedia tesdmeétrofit Sdid, elsgsil dfiax)sm h@lﬂawhydre%wqﬁumbﬂmmcwn

cervical cells mxed with cells and stored I n 149 and
PreservCyt ancunposkiasil, EDTA (ethylenediaminetetraapetic-gcid); o-phrenanthrolineg thiourea- 2aaz

-20/1 control s f h s at roomtenperature and at
4 C. The evalua ﬁfonﬁo 'feﬁee‘;f%nésqomg%ﬁgﬁg%égsﬁﬁi "t he norphol ogy was wel | "
preserved in UCM and in Preser t an h.controls. After 3 weeks at
4 C and room tenperatureE'HUf‘W‘{ AgeT$ fq(g’\é,\segx Pf‘df‘h"d}tmeé‘F%he%ﬁk'?H@‘Ea@K
celI's) had di s, msn.ﬂﬂﬂmfg@{aﬁlpﬁéwaﬁnmmawgeﬁela:@mns%l u&{&e

nuclei were well stained and the normal cells showed |fferent col or of
cytopl asm depending on the maturity. Figure 42 was taken from archived
routi ne Pap snears to show t he norphol ogy and staining of sanples stored
fixed to slides for conparison. Exanple 3: .C 1l HPV DNA Assuv Results UCM
formul ations 127, 128, 130 and the STMIM (Di gene) control were tested using
the Hybrid Capture Il HPV DNA Test. A standard HC Il HPV Test kit (D gene
cat al og nunber 5101-1096) was used. Each collection nedium( 1 nlL) was

spiked with 0.8 x 106 CaSki cells 0500 copies/cell). This concentration of
CaSki ceIIs was. chosen because an adequat e cllnlcal spe0|nen usuaIIy

T ] I - A N~ o —— o o, ~ o T I 1




1 0 J;~~ 2002 WO 99131273 -21 PGINS98126342 Table 1. Si gnal fg MS@UZ
rati os obtained for UCM 127, 128, 130 and STM at baseline and' afte

. week and six weeks storage at RT. Basel i neWek 1Week 6Medi ungl N
original Si %MWt ori gi nal "rChRlsbese:

signal 12756665852103629811 11285760S6699859321031304407SI 3S117SS0012SSTM

@557 j 6151 ~110 Q127 ~11 0 Formul ations UCM 141 and 149, used in the

smal | er norphol ogy study, were tested in t-H@-HC |1 HPV DNA assay at

basel ine and then after one, two and four weeks of storage at room )

t enper at ure. Caéplialosporirs, nacrdlides] padicilinseazigesand theliké A prefertediantiticBbial|

were used per assay. 5ab|e. shows the SIN ratios. Both formul ati ons

retai ned cl ose28dt %41 98. 4% and UCM 149 97.3% of the original

signal after four weeks of storage at roomtenperature, Table 2. SIN ratios

obtai ned for fornul ati ondheeniversabgallecuen mediymsean; heaised, forarqombination of fo 4

weeks of stora . i : I gl

oi gnal S/ N9 of i gﬁ@}e gladﬁa g?f ; O%ﬁaﬁ%ﬁ&m@%ﬁ%&%cgﬁst%e’\b?lm)é}e%{. AL &

si gnal | 411087 Shéfeiif; {l{elasgul(ut 256h$s Pefer/io Aetectdr! 6Orhéafitentéit Of é&ﬁﬁﬂéﬁaﬁ&(ﬂj@i@ﬁ@

In addition, sanples stored in PreservCyt .and CytoRi ch were exanine

according to t e 1esuisof yfhichgnay he gorg{;:a%pvg_ﬁ otharisuch measugsracnis ok othery

Cyt oRi ch nedi a et 8eh T | L hdneds d'f% PNA

for satisfact orcy angl é};sélgg ‘5‘?"@%‘%& eﬁx‘a@ﬁ&ﬁﬁ?ﬁt%ﬁzc ﬁ‘g%é\?bg)eéghf?@ﬁg‘( %

al i quot s of al withcorewor aidre diseds€a SKhese abdags Mag include; forwexample! @ cembaatidn 6f

I nstead of room tenperature and re.tested in the I RNA assay. The
prototype RNA ZRIBAOlegier| ap yf‘ﬁ?’é‘y\@t‘%‘?“eﬁf’ 42@'8"‘5%%@?%‘5@ or protein or

si ngl e- strande hdsk Hrdse 6'5@ iddid I ons
127, 128 and 1 g oby e 3R sk s c(%\lf%"]egs Vidf afgbeein RO o e
tested at baselpresencerod pedgressionrod aaliskass. x weeks storage at 4 C. UCM

formul ations 141 and 149 were tested at baseline and after one, two and

four weeks of storage The universal collection medium can be used to collect any desired cell

sample. Cell samples are collected in any suitable manner, including scrapings,
biopsy, or washings, and from any suitable source. Numerous cell collection
techniques are known and any can be used with the present invention. Generally, the
source of cells for a cell sample is chosen based on the known or likely tissue affected

by the cell state of interest.

Cell samples for use in the present invention can be collected and stored
in liquid medium. Examples of useful cell collection media are PreservCyt® (Cytyc),
and CytoRich™ (Autocyte). These media were developed for the collection of
cytological samples but can be adapted for use with molecular assays when modified

as described herein.

Nucleic acid detection generally benefits from the use of a reagent
capable of preventing nucleic acid degradation prior to performing the assay if the
assay i; not performed soon after sample collection. A useful medium is a
preservative based collection medium that has stabilizers for nucleic acids (both RNA
and DNA) and proteins and that preserves cell morphology, such as the universal

collection medium of the present invention.

One method useful with the present invention involves measuring the



-at 4 C. Tables 3 and 4 show the results. Table 3. Results obtf\i nml f UucM
zgn @iﬁﬂz\eeks

27, 128 and 130 in HC Il RNA assay at baseline and after one

.of storage at 4 _C__Wek 1Week 6Medi unBaseline S~S/N% origin @N%
ori gi nal 51\396?2@%@)3711571239901061289811139116119212213084?&@%% 8
QL51 A1l UCM fornul ations tested had conparable S/ N ratios when tested at
the baseline. UCM 127) 128 and 130 retained a 100% signal after six weeks
of storage at 4 Cin conparison to basel i nélresults. RNA in cells in both
UCM formul ati ons 141 and | 49 appears to, be stable at 4 C for, four weeks
gi ving SI N r at ¥ewels ef expeessigniof genssdayqlyed inadisqase stajepandcompaging ther UCM 149
89% . Table 4. CIRI= diMe1dh | 55% at
basel i ne and a?’&ger%géhzc,’ 9#\‘/1\0 an ricgfucrf vveg%s %?Qg?g@b%agﬁih% e@'ﬁieélgk
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Many diseases and other human conditions are characterized by specific

cellular phenotypes and gene expression patterns. Such diseases and conditions can be
identified and/or monitored by assessment of specific cellular morphology or levels or
structures of particular biomolecules. For example, neoplastic and cancerous cells
generally exhibit certain distinctive morphologies and growth characteristics.
Molecular characteristics, such as gene mutations and gene expression pattemns are
also a good indicator of disease progression. Virally infected cells can exhibit
different morphologies and gene expression patterns, including expression of viral
genes. Using the present invention, the characteristics of the cell state, such as
changes in cell morphology and/or expression of genes can be determined from a

patient sample.

The characteristics to be detected are specific to the cell state of interest
and the disease suspected of being present in the cell sample. Such characteristics can
be generally divided into two types, cytological characteristics and molecular
characteristics. As used herein, cytological characteristics are characteristics such as,
for example, overall cell shape and appearance of the cell and its organelles. The
primary identification and classification of many neoplastic and cancerous cells has
traditionally been accomplished using cytological characteristics. Identification of

cytological characteristics is generally slow, requires a relatively high level of training,



Deneret et al., J. Virol. 68( 1 ):7075-7082 ( 1994) Durst etq gl JUNJ200%en.
Yirol . 66:1515-1522 (1985) Jeon et al., J. Yirol. 69(5):2989-2997 (1995)
- Landegr en) Genetics) 9(6):199- 204 (1993) PCTN8981263%,§@$ tz
et al. gg%ﬁmgﬁco 66(2):295-299 (1997) Lizard et al. Hi stoc e?n&flwl
29(7):545 554 ( 1997) Mant et al. J. Yirol. Meth. 66(2):169-178 (1997)
Mat sukura et al., Virology 172( 1 ):63-72 (2 1989) Nuovo, PCR In Situ
Hybri di zati on: Prot ocoI s and Applications, “3rd Edition, Lippencott-Raven

et Hr e T e
239: 491- 494 ( }Q8R x%!@i&e ahd/et absénce%ﬂ%ta%?ﬁs@ﬁéﬂér mgﬁétﬂh ﬁﬁ@mg %%cl{ &9?7)

Turek, Adv Yirus Res. 44:305-356 (1994) Ushikai et
) : 6655- 6666 ( podeins, nutleisagidsk¢arbohydrates\and shesalyolit®s : S&@hmcdﬁct(lma)ac@am (1)

| A J. Pat hol 1 1553-.1561 199 h
I%;t ﬁol . r1nO( 3 ?xe%ggrgﬂy dsep gédi?y getictgngJan “Q%ﬂée H.Eg/éa%fﬁlﬁm'lec%%a Sfver sal

col l ection neﬁh&@h.mherein cells or tissue contained in the nmedium can be
anal yzed directly by cytol ogical and noi ecul ar net hods, mherein t he
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about 2 nl. uni v | ection umof, claim1l wherein t
otver oal ot (HLAT sifhias H7 B Trrdimatee vimeh on Sonuidnl s dpomnas, SRFASEnts RS an

anti mi crobi al nfgidns mmgﬂhﬁuaﬁgeo%?@ﬁfc&%mmceﬂws ssofs, bABRIneNe
al cohol conponent. 6. The universal collection nedium of ciaim wher ei n

the buffer co gmynb rﬁactq’rascq:tqmamd hiormonesp Such magkers¢an be presenting er ahseatbout

2.5 to about The ver.s ti0 di_u eia the
buf f er conpon 1o ﬁ%llgs é‘h&]??%?tﬁ g chéag% \%‘%n%‘ ?ﬂﬁhﬁ%&ﬂ%é“ prﬁ%&ﬁ? G to
about 5. ° 8. afidefcdicntRrifdicativl dfefor bﬁé]nlﬁlEOH mhatedeveredr 1esé sevdie distdie slak.

buf fer conponent has_a buffering capacity within a pH range of about 3.5 to

about 4.5. 9. Tipss markerscam be usad 1a epignctianovitivdiselosedamethods toHafes eitherhe

al cohol conpope .

col l ection rreg %’%ﬁ SoRE gﬁﬁfﬁf% wélg%tgcl é}}%ﬁghg&%k’gﬁ% %@g‘?g@s afxé@tﬁmlscores
conmponent is 3etmeh@lxthd@m¢mﬁggﬁmlmﬁﬂﬂséﬁfai'm.of met nanol , et hanol,
propanol s, butanols, and pentanols. 11. The universal collection nmedi um of

claim 10, wherein the alBxafiples@fdizedse RiatesFoPissesdment iinPthe Presbntinbehtioh

include, but are not limited to, autoimmune disorders, neoplasias, and cancer. Other

disease states of interest include HPV-based disease including HPV infection, cervical
intraepithelial neoplasia (CIN), and cancer, atypical squamous cells of undetermined
significance (ASCUS), warts, epidermo dysplasia verruciformis and other skin
discas;.s, laryngeal papilloma, oral papilloma, conjunctival papilloma and prostate
disease including enlarged prostate and prostate cancer, chlamydia, and viral infections

such as HIV and herpes.

_ A cell sample as the term is used herein is primarily a collection of cells
from a patient. One method of obtaining cells is through non-invasive means, which is

defined herein as obtained without the puncturing of a patient. Examples of non-
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1- hydr oxy-3-n - 2 1S -4 gl ' '

EDTA (ot hyl e b il A sl BEIeeN s (3 GREAURBLRR o Gohirl B RGN 602,
The uni ver sal mflol | ection nmedi umof claimls) wherein the chi |ating agent
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Cytological cell samples, while optimized for preserving cell morphology, generally
do not preserve nucleic acids well; thus making the sample unusable for many

molecular assays.

Cell sampies for use in the method of the present invention can be fixed
or processed in any manner consistent with the assays to be performed. For example,
both cytological and molecular assays can be performed using cells fixed on a solid
substrate such as a slide. Preferably, however, molecular assays are done in solution.
The requirements of the assays to be performed will generally determine the sample

processing to be used.

_ The types of comparisons described above can also be used with many
different genes and disease states. That is, the measured level of expression of a gene

of interest can be compared, for example, to the level of expression of the same type of
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selected from p consisting of "a nucl ease Inhibitor
i nhi bitor and antifodiest IMenyaephniques for thithspenificudetestibn obgerectxprassior,diyum of

| ai m 31 wh i,n th t to inhibit d dat | f . t
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The universal qohd ReRdiQR BESEtEdHINR and Infdastrily theePbf exphesioRUf pEnd3Df Rsterdlt | S
selected fromthe group consisting of nurexide, chrondtropic acid) 1-

1- hydr oxy- 2 nafsdetésyion 26 RNAnwranseribedsfromithegensh ofinterass- Fogp thephest reliablei d,
EDTA (et hyl di am net et ti i,d), 0o-Rh th ' d thi ea,, ~-
The. unt ver sal - EURPULORGABUhIeLFE ditior o Pe LGBt oyl o2 Havesled HSi38 the
conpri ses EDTAsAfié t¢hmigecariBe firfined Gfthe Sar€ hfdhner35. A nethod of

perform ng norphol ogi cal and bi ochem cal analysis on a cell or tissue,

wherein the method conpr e ieehighdy fagnﬁsgb&aggﬁe kbél%g&%ﬁ& Bf Ptrett ;

preserving the cells or tissue in"a water-bas medi um conprising a _

preservative) intérestdniacell samiplainciude the bybridicapturn techpigque described in WO
93/10263 by Digene, PCR in situ hybridization techniques described by (Nuovo,

1997)), branched DNA assays (Chernoff (1997)), transcription mediated amplification

(TMA); Stoflet (1988)), and polymerase chain reaction (PCR), ligase chain reaction
(LCR), self-sustained sequence replication (3SR), nucleic acid sequence based
amplification (NASBA), strand displacement amplification (SDA), and amplification
with QB replicase (Birkenmeyer and Mushahwar, (1991); Landegren, (1993)).
Numerous assays for the detection and measurement of gene expression products are
known and can be adapted for the determination of the level of expression of genes of
interest using the UCM-collected samples.

The present invention provides methods for analyzing cells that
previously were unavailable. For example, a combination of cancerous and non-
cancerous cells were placed in a Universal Collection Medium according to this
invention. The morphology of the cells was examined after storage at either 4 °C or

room temperature for periods of 12 hours, 10 days, 3 weeks and 6 weeks. Slides were
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enzyme to the cells contained in wells of a microtiter plate. Non-limiting examples of

enzymes for use in the present invention include proteinase K or Pronase. Cells can
also be subjected to detergent lysis or osmotic lysis or a French Press. After
incubation, biotinylated DNA probes were added to each well. The RNA:DNA
hybrids were captured onto a solid phase by transferring to streptavidin coated
microplates. Alkaline phosphatase-conjugated antibodies to RNA:DNA hybrids were
added to each well in the hybridization microplate and signals were generated by
adding a chemiluminescent reagent such as CDP-Star™ with Emerald II (Tropix) to
each well. The signal was read from the microplate. The solution based DNA analysis
was performed similarly to the RNA analysis except that the microtiter plates were
coated with anti-RNA:DNA hybrid antibodies and the probes were unlabeled RNA

probe;.

: The present invention can be conveniently performed using kits that
include one or more of the materials needed for the method, such as reagents and
sample collection and handling materials. For example, kits can include cell collection
medium including sample preserving reagents, reagents for specific detection of DNA

sequences, RNA sequences and/or expression products (mRNA or protein) of one or
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incorporated into special purpose computers or computerized devices for controlling

the disclosed method, handling and analyzing data from the disclosed method, or both.
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20% Ethanol

0.05% NaN,

5mM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)

0.2 M NaOAc-HOAc

pH 3.7

Formulation 128

20% Ethanol

0.05% NaN,

5 mM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc

pH 4.1

Formulation 130

7% Butanol

0.05% NaN,

5SmM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc

pH 3.7

Formulation 134
PreservCyt® (Cytyc Corporation)
Contains buffered methanol
Storage limits with cytologic samples: 3 weeks at 4 °C - 37 °C

Formulation 135

" CytoRich™ (AutoCyte Corporation)
Contains less than 24% alcohol
Storage 15 °C - 30 °C
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°C for 1.5 hours for hybridization to occur. After hybridization, samples were
transferred to a strepavidin-coated microplate, and 25 pL of anti-hybrid antibody was
added to each well. The plate was agitated at 1100 RPM, for 1 hour, at room
temperature. Wells were washed 6X times with 65 °C wash buffer, followed by one
wash using distilled water. 100 pl of a chemiluminescent substrate was added to each
well a;d the plate was incubated at room temperature for 30 minutes. The plate was
then read in the DML 2000 luminometer. The data was then expressed as
signal-to-noise. Using a calibration curve, the chemiluminescent signal generated by

each specimen was converted into mRNA copies per cell.
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of storage, slides were prepared and stained with Papanicolaou staining. The

following features were evaluated for the morphology study: cell dispersion, cell
shape, nuclear shape, chromatin pattern and staining intensity, nuclear/cytoplasm
ratio, presence of nucleoli, cytoplasm shape and staining color.  Figures 1-17
show the morphology of CaSki cells stored in different UCM and in PreservCyt
and CytoRich controls stored at RT for 12 hours, 3 weeks and 6 weeks. All
features characteristic for CaSki cells (carcinoma cells) were visible and well
preserved in all fixatives tested after 3 and 6 weeks: large and hyperchromatic
nuclei usually with oval shape and irregular granular chromatin, scanty
cytoplasm, multinucleated cells, presence of nucleoli and presence of mitotic
figures. In addition, the slides showed that there was good cell dispersion and no
cell clumping in all media tested.

- Figures 18-41 show the morphology of normal human cervical cells
mixed with CaSki cells and stored in UCM 141, 149 and PreservCyt and CytoRich
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sharp shapes (both nuclei and cytoplasm). The nuclei were well stained and the
normal cells showed a different color of cytoplasm depending on the maturity.
Figure 42 was taken from archived routine Pap smears to show

the morphology and staining of samples stored fixed to slides for comparison.

Example 3: HC I1 HPV DNA Assav Results

UCM formulations 127, 128, 130 and the STM™ (Digene)
control were tested using the Hybrid Capture I HPV DNA Test. A standard HC
II HPV Test kit (Digene catalog number 5101-1096) was used. Each collection
medium (1 mL) was spiked with 0.8 x 10° CaSki cells (~500 copies/cell). This
concentration of CaSki cells was chosen because an adequate clinical specimen
usually contains about 1 x 108 cells. The same stock of CaSki cells was then
used for morphology study and DNA and RNA testing. A standard volume of 50
1l was used per assay as described in the Package Insert, without any sample
preparation modification. A similar STM sample was prepared by spiking the
same number of CaSki cells into 1 mL of Digene Sample Transport Medium
(STM - this medium is the current medium used for HPV testing. It preserves
DNA and RNA but not cell morphology). The HC Il HPV test was performed at
day “0” (baseline) and after one and six weeks of storage at room temperature.
Table 1 shows the results obtained for each medium at the baseline and after one
and six weeks expressed as S/N ratios.

UCM formulations 127 and 128 had the highest S/N ratios
comparable to the STM control S/N ratios at the baseline and retained these
values after storage at RT for six weeks. The S/N ratios for UM 130 obtained at
the baseline were slightly lower when compared to UCM 127 and 128. UCM
130 retained its signal after 6 weeks.
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Table 1. Signal to Noise ratios obtained for UCM 127, 128, 130

and STM at baseline and after one week and six weeks storage at RT.

Baseline Week 1 Week 6
Medium S/N SN %of original | S/N %of original
signal signal
127 5666 5852 103 6298 111
128 5760 5669 98 5932 103
130 4407 5135 117 5500 125
STM 5557 6151 110 6127 110

Formulations UCM 141 and 149, used in the smaller morphology
study, were tested in the HC II HPV DNA assay at baseline and then after one, two
and four weeks of storage at room temperature. CaSki cells (1.5 x 10°) were spiked in
these media and 50 pl were used per assay. Table 2 shows the S/N ratios. Both
formulations retained close to 100% (UCM 141 98.4% and UCM 149 97.3%) of the

original signal after four weeks of storage at room temperature.

Table 2. S/N ratios obtained for formulations UC 141 and 149 at baseline and
after 1, 2 and 4 weeks of storage at RT.
Week 1 Week 2 Week 4
UCM | Baseline | S/N % original | S/N % original | S/N % original
S/N signal signal signal
141 10875 11006 101.2 10427 95.9 10703 9§i
149 9443 8159 86.4 8035 853 9188 973

In addition, samples stored in PreservCyt and CytoRich were examined
according to the protocols of this example. Both the PreservCyt and CytoRich media
were found to be deficient in their ability to provide DNA for satisfactory analysis.

Example 4: HC Il RNA Assay Results

The aliquots of all formulations (CaSki cells 0.8 x 10°) were stored at 4
°C instead of room temperature and were tested in the HC II HPV RNA assay. The
prototype RNA assay used in this study utilized biotinylated single-stranded DNA
probes specific for HPV 16 E6/E7 RNA. UCM formulations 127, 128 and 130 were
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Table 3. Results obtained for UCM 127, 128 and 130 in HC I RN A assay
at baseline and after one and six weeks of storage at 4 °C.
Week 1 Week 6
Medium | Baseline [ S/N % original | S/N | % original
S/N signal signal

127 937 1157 123 990 | 106

128 981 1139 116 1192 | 122

130 845 1261 149 1278 | 151

All UCM formulations tested had comparable S/N ratios when
tested at the baseline. UCM 127, 128 and 130 retained a 100% signal after six

weeks of storage at 4 °C in comparison to baseline results. RNA in cells in both

UCM formulations 141 and 149 appears to be stable at 4 °C for four weeks giving
S/N ratios close to the baseline results (UCM 141 108% and UCM 149 89%).

Table 4. Results obtained for UCM 141 and 149 in HC II RNA assay at
baseline and after one, two and four weeks of storage at 4 °C.
Week 1 Week 2 Week 4
UCM | Baseline % original % original % original
S/N S/N | signal S/N signal S/N signal
141 1074.5 1029 |96 1137 106 1164 | 108
149 1243.5 | 1786 | 144 1843 148 1103 | 89

In addition, samples stored in PreservCyt and CytoRich were

examined according to the protocols of this example. Both the PreservCyt and

CytoRich media were found to be deficient in their ability to provide RNA for

satisfactory analysis.

Those skilled in the art will recognize, or be able to ascertain using

no more than routine experimentation, many equivalents to the specific

embodiments of the invention described herein. Such equivalents are intended to

be encompassed by the following claims.
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1. A universal collection medium, wherein cells or tissue
contained in the medium can be analyzed directly by cytological and molecular
methods, wherein the molecular method comprises analysis of at least one of
RNA, DNA and protein analysis wherein the medium is water-based and
comprises a preservative, a cross-linking agent and an agent to inhibit

degradation of at least one of the group consisting of RNA, DNA and protein.

2. The universal collection medium of claim 1, wherein the

medium consists of a volume of less than 10 ml.

3. The universal collection medium of claim 1, wherein the

medium consists of a volume of less than about 5 ml.

4, The universal collection medium of claim 1, where in the

medium consists of 2 volume of less than about 2 ml.

5. The universal collection medium of claim 1 wherein the
universal collection medium further comprises a buffer component and an
antimicrobial agent and wherein the preservative comprises at least one alcohol

component.

6. The universal collection medium of claim 5, wherein the
buffer component has a buffering capacity within a pH range of about 2.5 to

about 6.

7. The universal collection medium of claim 6, wherein the
buffer component has a buffering capacity within a pH range of about 3 to about
5.

- 8. The universal collection medium of claim 7, wherein the
buffer component has a buffering capacity within a pH range of about 3.5 to
about 4.5.

9, The universal collection medium of claim 5, wherein the

alcohol component comprises a C1 to C10 alcohol.

10. The universal collection medium of claim 9, wherein the
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11. The universal collection medium of claim 10, wherein the

alcohol component comprises ethano! or n-butanol.

12. The universal collection medium of claim 5, wherein the

cross-linking agent comprises an aldehyde.

13.  The universal coliection medium of claim 12, wherein the
cross-linking agent is selected from the group consisting of formaldehyde and
glutaraldehyde.

14.  The universal collection medium of claim 12, wherein the
cross-linking agent comprises glutaraldehyde-bisulfite.

15.  The universal collection medium of claim 5, wherein the
agent to inhibit degradation of at least one of the group consisting of RNA, DNA
and protein comprises at least one agent selected from the group consisting of a

nuclease inhibitor, a protease inhibitor and a chelating agent.

16. The universal collection medium of claim 15, wherein the
agent to inhibit degradation of at least one of the group consisting of RNA, DNA

and protein comprises a chelating agent.

17.  The universal collection medium of claim 15, wherein the
chelating agent is selected from the group consisting of murexide, chromotropic
acid, 1-(1-hydroxy-2-napththylazo-2-hydroxy-5-nitronaphthalene-4-sulphonic
acid, EDTA (ethylenediaminetetraacetic acid), o;phenanthroline and thiourea.

18. The universal collection medium of claim 15, wherein the

chelating agent comprises EDTA (ethylenediaminetetraacetic acid).

19, A method of performing morphological and biochemical analysis on a cell or tissue,
wheérein the method comprises:

obtaining cells or tissues from a patient;

preserving the cells or tissue in a water-based medium comprising a preservative,

a cross-linking agent and an agent to inhibit the degradation of at least one of the
group consisting of RNA, DNA and protein;

directly analyzing the morphology of the cells or tissue preserved in the medium;

and
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preserved in the medium.
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20. A universal collection medium, wherein cells or tissue contained in the
medium can be analyzed directly by cytological and molecular methods, wherein the molecular
method comprises analysis of at least one of RNA, DNA and protein analysis wherein the
medium is water-based and comprises a preservative, a fixative and an agent to inhibit

degradation of at least one of the group consisting of RNA, DNA and protein.

21. The universal collection medium of claim20, wherein the medium

consists of a volume of less than 10 ml.

22_ The universal coliection medium of claim 20, wherein the medium

consists of a volume of less than about 5 ml. )

23. The universal collection medium of claim20", where in the medium

consists of a volume of less than about 2 ml.

24 . The universal collection medium of claim 20, wherein the universal
collection medium further comprises a buffer component and an antimicrobial agent and

wherein the preservative comprises at least one alcohol component.

25. The universal collection medium of claim24., wherein the buffer

component has a buffering capacity within a pH range of about 2.5 to about 6.

26. The universal coliection medium of claim 25, wherein the buffer

component has a buffering capacity within a pH range of about 3 to about 5.

27. The universal collection medium of claim 26, wherein the buffer

component has a buffering capacity within a pH range of about 3.5 to about 4.5.

28. The universal collection medium of claim24-, wherein the alcohol

component cor;xprises a C1 to C10 alcohol.

29. The universal collection medium of claim28., wherein the alcohol
component is selected from the group consisting of methanol, ethanol, propanols, butanols,

and pentanols.
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component comprises ethanol or n-butanol.

31. The universal collection medium of claim 24, wherein the agent to
inhibit degradation of at least one of the group consisting of RNA, DNA and protein
comprises at least one agent selected from the group consisting of a nuclease inhibitor, a

protease inhibitor and a chelating agent.

32. The universal collection medium of claim 31 wherein the agent to
inhibit degradation of at least one of the group consisting of RNA, DNA and protein

comprises a chelating agent.

33. The universal collection medium of claim 31, wherein the chelating
agent is selected from the group consisting of murexide, chromotropic acid, 1-(1-hydroxy-2-
napththylazo-2-hydroxy-5-nitronaphthalene-4-sulphonic acid, EDTA

(ethylenediaminetetraacetic acid), o-phenanthroline and thiourea.

34. The universal collection medium of claim 31,' wherein the chelating

agent comprises EDTA (ethylenediaminetetraacetic acid).

35. A method of performing morphological and biochemical analysis on a
cell or tissue, wherein the method comprises:
obtaining cells or tissues from a patient;
preserving the celis or tissue in a water-based medium comprising a
preservative, a fixative and an anti-degradation agent;

directly analyzing the morphology of the cells or tissue preserved in the

medium; and

directly analyzing either RNA or DNA or protein contained in the cells or
tissue preserved in the medium.
36. A kit for preserving a cell sample of limited cell number comprising:
the medium according to any of claim 1 and claim 20;
a container containing the medium wherein less than 2 ml of the medium is contained in
the container; and

a lid fitting said container.

37. The kit according to claim 36, further comprising a cell collecting device having an
elongated member wherein a distal end of the elongated member has a non-absorbent increased

surface area.
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cell morphology and quantitauveZnalysis of at least one of the group consisting
of RNA, DNA and protein from a single sample, said method comprising
collecting cells from a patient;
storing collected cells in the medium according to claim 1 and claim 20,
removing an aliquot of cells in the medium for cell
morphology analysis; and
removing a second aliquot of cells in the medium for a
quantitative analysis selected from the group consisting of DNA analysis, RNA

analysis, protein analysis and carbohydrate analysis.

40. The method of claim 39, wherein the cells are stored in a

sample of less than 10 ml.

41. The method of claim 39, wherein the cells are stored in 2
sample of less than about 5 ml.
42 The method of claim 39, wherein the cells are stored in a

sample of less than about 2 ml.



