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Routinely, for patients suspected of having one or more infectious
diseases, for example human papilloma virus or herpes simplex virus, a sample of cells
is taken from the patient for analysis. Generally, such a sample is in the form of a
swipe or cellular scrape from the area primarily affected by the disease. These swipes
usually collect a mixture of normal and diseased cells with a very limited total number
of cells. The collected cells are traditionally smeared onto a slide for further analysis.
When biochemical analysis was attempted, it was done at the expense of a cytological

analysis 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
sample collected for repeat cytology and/or genetic analysis and other molecular tests

such DNA, RNA or protein. Recently, liquid cytology media have appeared on the
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Designing methods and media to preserve cells or tissue for analysis by
both morphological and biochemical analysis has proven problematic in the past. For
example, fixing cells or tissue for morphological analysis compromised the ability to
do biochemical analysis. Preserving cellular RNA was done at the expense of DNA
and morphological analysis. Similarly, preserving cellular DNA was done at the
expense of RNA and morphological analysis.

It is an object of the present invention to provide a general collection
medium for identifying cellular morphology and quantitatively preserving DNA, R

and other biomolecules from a single sample regardless of the disease to be detected.

It is another object of the present invention to provide a universal cell
collection medium for preserving cell morphology and nucleic acids, lipids,
carbohydrates, or proteins in a cell sample where limited numbers of cells are available

in the sample.

1t is another object of the present invention to provide compositions and
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Is a device for collecting such ce]l sanples. o .
other or to reference genes in a specific ratio. as an indication of the state of a disease

in the cells. This method can be used to detect and/or monitor the onset or progression
of any human condition which causes a change in cell morphology or in levels or
structures of specific biomolecules. For example, the present invention can be used to
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
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staining. Fig 20r qnaﬁmm&yeg@)amlws Rﬁfg Ajgroteinagarhalydrats ¢f amy
Papani col aou st ngb tioh ey Papani col aou st ai ni ng. Fig 6. H&E staining
Fig 7. UCM 127, weeks™ at . CaSki cells. Mgnification x 200. UCM 127, 6
weeks at RT. CaSki cells. M ',Ef%mﬁ%m@mhours at RT).
CaSki cells. Magnification x 299 : > Ski cells.
Magni fication x 200. UCM 128, 6 weeks at RT. CaSki cells. Magnification x
400. UCM 130, basel i ne (12rigaur suaM 37, baSelipi(12Z BbhiS at RT). CaSki cells.

Magnification x 200. Papanicolaou staining.

Fig2. UCM 127, 3 weeks at RT. CaSki cells. Magnification x 200.
Papanicolaou staining.

Fig3. UCM 127, 6 weeks at RT. CaSki cells. Magnification x 200.
H&E staining.

Figd. UCM 128, (12 hours at RT). CaSki cells. Magnification x 200.
Papanicolaou staining.

Fig5. UCM 128, 3 weeks at RT. CaSki cells. Magnification x 200.
Papanicolaou staining.

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

Fig7. UCM 130,baseline (12 hours at RT). CaSki cells.
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. Magpification 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.



Magni fication x 200. H&E staining. Fig 8. UCM 130,3 weeks at RT. CaSki
cell's. MagrWOiO¥498548n x 200. Papani colaou staining. Fig 9. BEWUIWY4B9heeks
at RT. CaSki cells. Magnification x 400. H&E staining. Fig 1 r—Pr ese-r VQ/t
(134), baseline (12 hours at RT). CaSki cells. Magnificatio 'X-=2004)
staining. Fig 11. PreservCyt (134), 3 weeks at RT. CaSki cells.

Magni fication x 200. H&Epgtgdi n / %”%- z ig
12. PreservCyt (134), 6 we EF ks a?f%%w%@%‘l??el%kggﬂggm #]é%?lﬂ%%ﬂ ﬁ%ﬂgng&E
staining. Fig 480. Hy?&E)Ramhlg( 135), baseline (12 hours at RT). CaSki cells.

Magni fication x 200. Papanicol aou staining. Fig 14. CytoRich (135), 3 weeks

at RT. CaSki cells. Nagnll‘"ﬂgQ@“@Shdle?@@S) Bapank ¢02 Res af RTNICASKI celfisg 15.
CytoRich (135), 6 weeks at RT. CaSki cel I's. Magni fication x 400. H&E

staining. Fig agifirations: 2G9. RepanicalaourTainigsSki cel | s. Magni fi cati on x 400.
HS&E staining. Fig 17. UCM 149, 6 weeks at RT. CaSki cells. Mgnification x

400. H&E staining. Fig 18FigldM C4loRibineSls), Bewedks BITR TNCaSiE|ceBf iMdpei fication rd
CaSki cells. nification x 200. Fig 19. UCM 141, baseline at 4 C. Nor nal
epi thelial and @sk’apa@eqo lapu staimiggi fi cati on x 200. Fig 20. UCM 141, 10 days
at RT. Norrmal epithelial and CaSki cells. Magnification x 200.

Fig 15. CytoRich (135), 6 weeks at RT. CaSki cells. Magnification x

400. H&E staining.

Fig 16. UCM 141, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining.

Figi7. UCM 149, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining. '

Fig 18. UCM 141, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 19. UCM 141, baseline at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 20. UCM 141, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 21. UCM 141, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 22. UCM 141, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200. '

Fig 23. UCM 141, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 24. UCM 149, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.



Fig 21. UCM 141, 10 days at 4 C. Normal epithelial and CaSki cells.

Magni fi cati OMOR198@E2 Fig 22. UCM 141, 10 days at RT. Nornmal eR¥B#1{43991and
CaSki cells. Magnification x 200. Fig 23. UCM 141, 10 days at ,4,.C. Normal
epithelial and CaSki cells. Magnification x @00. Fig 24. UCM ¥49! Sbasel i ne
at RT. Norrmal epithelial and CaSki cells. Magnification x 200. WD 01198542

PCT/US01/ 41091 -6 2 E i 228 25l JUEM 14W9Makéithe RS, N¥Pmat erffihlialNRG TBKki cells.
epithelial and CaSki cells. ™ Magnification x 200. Fig 26. 'UCM 149, 10 days

at RT. Nornmal epMagmficalonan200CasSki cells. Magnification x 200. Fig 27. UCM
149, 10 days at 4 C. Normal -epithelial and CaSki cells. Magnification x

200. Fig 28. UCM 149, 3 weRig26at URM 140 Tedayept RITeNoahalapithSadiahd CaSkiscells.
Magni fication x 200. Fig 29. UCM 149, 3 weeks at 4 C. Normal epithelial and

CaSki cells. MaYagrifieationsn200.200. Fig 30. PreservCyt, baseline at RT.
Normal epithelial and CaSki cells. Magnification x 200. . Fig 31.
PreservCyt, baseline at 4 Kg2%r aMdgbs eddyalat 413Q. Nafikal epitheliat and CaSki cells.
Magni fication x 200. Fig 32, PreservCyt, 10 days at RT. Normal epithelial
and Caski cel | s.Magpifieatincet@bn x 200. Fig 33. PreservCOyt, 10 days at 4 C.
Normal epithelial and CaSki cells. Magnification x 200. Fig 34. PreservCyt,
3 weeks at RT. Normal epitFigi28al UsiMd 1 weeks 4t RT. Normal epithelial and CaSki cells.

Magnification x 200.

Fig29. UCM 149, 3 weeks at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

4 Fig 30. PreservCyt, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

. Fig31. PreservCyt, baseline at 4 °C. Normal epithelial and CaSki
cells. Magnification x 200.

Fig 32. PreservCyt, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 33. PreservCyt, 10 days at 4 °C. Normal epithelial and CaSki
cells. Magnification x 200.

Fig 34. PreservCyt, 3 weeks at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 35. PreservCyt, 3 weeks at 4 °C. Normal epithelial and CaSki
cells. Magnification x 200.

Fig 36. CytoRich, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 37. CytoRich, baseline at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.



Nagnificatiq,g ?1/3953@ Fig 35. PreservCyt, 3 weeks at 4 C Norma e |theI|aI
and CaSki ? gnification x 200. Fig 36. CytoRich, bas

Nor mal epithelial and CaSki cells. Magnification x 200. Fi g 'EJORI ch
baseline at 4 C. Nornmal epithelial and CaSkr/cells. I\/agniflcatlon x 200. WO
01/98542 Fig 38. Magnification x 200. Fig 39. Magnification x 200. Fig 40.
Magni fication x 200 Fi g Fig 38.MeGytoRichai 0 daysxat ROV NoEmnal ep2thelPCEh)ERASkAENel 2
[ { E.3 -7 C 1h %@sat RT. Normal epithelial and CaSki cells.
CytoRi ch, 10 da 1catin epithelial and CaSki cells. CytoRich, 3
weeks at RT. Normal eplthel lal and CaSki cells. oRich, 3 weeks at 4 C
Normal epithelial and CaSEig3¥ | GytoRghnl@daysen4l® Qﬁﬁ@ﬂ@ﬁe@nﬂlelaal@nd@&l cells.
Magni fi cation X ific E)I'lekl?% DESCRI PTI ON OF THE | NVENTI ON The present

i nvention relates™=o a uni ve sal cell collection mediumthat nakes it
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single small Magniﬁcationx200.

Fig 41. CytoRich, 3 weeks at 4 °C. Normal epithelial and CaSKki cells.
Magnification x 200. ‘

Fig 42. Conventional Pap smear (archival). Magnification x 120.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a universal cell collection medium that
makes it possible to conveniently collect and pre:

assessment of the existence or progression of a disease isolated from a single small

patient sample, using cytological assays, molecular assays, or both.

The instant universal cell collection medium preserves cell morphology
and preserves macromolecules in a cell sample for either qualitative or quantitative
analysis. One useful form of the disclosed cell collection medium preserves nucleic
acids in the cells. Such preservation can be limited to refrigerated samples.
Alternatively, preserved samples can be kept at ambient temperatures. Different forms
of the universal collection medium preserve a sample for days or weeks or more. The
universal cell collection medium can be used to collect cell samples for any purpose
and is not limited to use with any particular assay method. Some forms of the
universal collection medium contain a buffered saline isotonic solution or an alcoholic
solution such as methanol, ethanol, or a similar alcohol, an RNase inhibitor such as
RNasin, and a protease inhibitor such as pepstatin. Many different nuclease inhibitors

are known in the art, including, for example, vanadate complexes, chelating agents and
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In one embodiment of the invention the universal collection medium
(UCM) formulations of this invention are buffered, water-based solutions which
comprise a preservative such as a mixture of one or more alcohols, a cross-linking
agent and an agent to inhibit degradation of RNA, DNA and protein. The use of the
UCM formulation is further enhanced by the addition of an antimicrobial agent.

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 alcohc
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. A range of about 5% to about 15% alcohol is also preferred.
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about 5006 al condl SUeBE B inl e LfeaREL SEREORAA BORRAA sRBEMHOES, | 1

UCM for nul at i orinvéhtioand®ndimitiag ¢karaptet of Bifieiicodp¥nadts lehldeighycitles Maleic,
preferred. WD 01/98542 PCT/ OS01/41091 -9- 2 ED,, g@%l The pH range of the
UCM f or mul at i on Rhosphasiss tagiasic, ciFicfarmicaphageic aeids ardibediker bi ocheni cal and
nmor phol ogi cal integrity of the cells. A pHrange of about 2.5 to about 6 is
used to formul ate the UCMHfe aréssdinkimnvgagentsof thib irveptied evmprisel aboat i3kito abmye

f about 3t t f [ H f about 3.5 t
of 200Ut 2 10 AL Pyl R B bl s Mg e R i b B
Any buffer that to][&%utbf‘Sf% 8¢ fré asa‘ﬂai@)awawqtﬁb%. !Méétg,)geg@n%})gg—&lfggp%gﬁ.gpgoe

used in the UCMof this . invention. Non-limting

conponent s i ncl uagentdomyprises abomt Eoctp abpintcp lob thied ) CWaformrlatipn.c Ctass-tinkibgragents
or acetic acids d.the |like..The cross-|inking agents. of this jnyvention
conpri se about 1@&’8‘“&3’8&?_ x?ﬁ%&ﬂ“t"?@' lﬁﬁﬁi?rgfﬁeﬁ’r{or Qfaé’ml?’zsé?‘wa“t%e
cross-1inking aggreligalC0iERéAarE 230 Fditich W AR Wil BAltflof VP PIY0 2l Yabd
about 10% Most preferably, the cross-linking agent conprises about 1%to
about 5% of the 1%2Vahétheirivae inthe USMdorhilatiomiy regertdily {rpasmt lotbose afskill in
fixatives) are V\Exle laf'tlgﬂ?l\éﬁt of IEhe:t lprgse%{ %nv Btion. ﬁgﬁ-li%t?ﬁ? LXGMp§ése%encr%ss-linking
agents for use in the UCM formulation include aldehydes such formaldehyde,
glutaraldehyde and the like. A preferred cross-linking agent is glutaraldehyde-

bisulfite.

Fixatives are defined by Stedman's as "serving to fix, bind, or make
firm or stable." They are substances "used for the preservation of gross and histologic
specimens of tissue, or individual cells, usually by denaturing and precipitation or
cross-linking the protein constituents." Non-limiting examples of such fixatives for
use according to the present invention are polymers such as poly(ethylene glycols) and
poly(ethylene oxides). Poly(ethylene glycols) are preferred and poly(ethylene glycols)
("PEG") with a molecular weight of between about 600 and about 4,600 are. more
preferred. PEG having a molecular weight of 1500 ("PEG-1500") is most preferred.
Fixatives, which function in an equivalent manner to cross-linking agents for the

purpose of this invention, are formulated as described above for cross-linking agents.



Medical Dictionary, 25 Edition, Wlliams & WIlkins, Baltinore MD 1990 at
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pol y(et hyl ene oxiegedhtiorPof RNL, DN £ asd/et protdis hreadhelating fagénte dCRéldting agents are
poly(ethylene glycols) ("PEG') with a nolecular weight of between about 600
and about 4, 600 vglkknyin the aftdraector crmuplsallniagiar Rigchamical Reseqrght Thord B&00

("PEG 1500") is tc preferred. | xati-yes, whj,ch tign in; ui val ent
manner to cross -Wl‘ ﬁgﬁﬁgé%‘% gt P 5" %d IYIBYJérr B‘g;%fea? 5%5{ @?Wffﬁé?ﬂ?-i‘%qﬁ? gnown
fornul ated as degebihof@nake viretdl 96n-Gldused riddiizishafle dBiradatidl dthi rs. Non-
PCT/USQO /41091 2 -10 Agents able to inhibit degradation of RNA, and/ or

protein are wellimitingwnamples pEchelatingmgents fomrusaan khip jnvshtioreincludainbirexide
enzynmes or sequestering. net  ons or ,both.. Nucl e.or profease inhibitors
such as RNasin oﬁ?‘mﬁ@?}é‘ﬁ’d‘f F?‘}d’(a)i'd'g?@f’. Y"?H&p | %o)%ﬁyifgxxj-géra 813:3(95 R o
this invention. JRibficRl, BDA fethfehddiirbinbtetrdR@tia daid), YlpknaitfelinNichinel/ or
protein are chelating agents. Chelating agents are well-known in the art
(see, for exanplasd tinlike. & prefemedehelabig apentda EETAThird Ed., Rex M C.
Dawson et al., Oxford University Press 1986, at chapter 17) and are known
to both attenuate netal i oAntimitucteal apentsdfornysedn tids dngndoabicahosetknown in the

bi opol yners. Non- l.imt.ing exanples of .chelating agents _for use in this
i nvgnt ?/on i ncl uchst miPhs: g e@?@mf?agmcrg ] ?gentsgaxe aminoglycosides, B-lactams,

1-(1-hydroxy-2- %Bﬁﬂ&éﬁblrﬁg,,c}}lé&bl‘fﬁ’ég! Wéiﬁfn@,i dARRIBAHALRD eA?i'referred antimicrobial

agent is sodium azide.

The universal collection medium can be used for a combination of two
or more assays of different characteristics related to a cell state of interest. As used
herein, the assay or assays refer to detection or measurement of specific characteristics,
the results of which may be combined with other such measurements of other
characteristics to provide an overall assessment of a cell suspected of being infected
with one or more diseases. These assays may include, for example, a combination ¢ ~
morphological analysis and quanitation of a particular RNA or DNA or protein or
carbohydrate structure whose presence or levels provide a specific indication of the

presence or progression of a disease.

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



sul phoni ¢ aci d, EDTA (ethyl enedi am netetraacetic acid), o-phenanthroline,

thiourea a |ike. A preferred chelating agent is EDTA. I.m crobi al
ﬁ“g)ews’%’{zhi S i ?%ﬁﬁ’ﬁﬁ?

agents for nvention are those known in the art ki ng
exanpl es of antim crobial agents are am nogl ycosi des, f3-1act ans, rr-

cephal osporins, macrolides, penicillins, azitles and the |ike. Apreferrkd
antim crobial agent is sodium azide. The universal collection nmediumcan be

used for a conbiseatt oficells for celDsamiPdé & chdSEYbased ofl el laamtordikalyaikes dffdcteds
related to a cell state of interest. As used herein, the assay or assays

refer to detect byrhoselhaiale of 8We8st: of specific characteristics, the results
of. whi ch may be conbined with other such neasurenents of other
characteristics to provi deCelhsampiasgbt usesindabs prestnt afveaticretdn usplededdndstored
being infected .w.th,one,. or re diseas hese assays may_incl ude, for
exanpl e, a conbihigigmedipy, %"B&Fé’gmﬁkﬁe&s‘?@e&?ﬂ? ‘E}E‘iﬂ ?{%ETF%V@F%a(éYWC)’
particular RNA d%l&@hﬁ'f@lﬁéﬁm@f Thes ﬂ?&iﬁ%’i‘é Beveidped R he YORRGaREESENCE
or levels provide a“specific I ndicCation of the presence or progression of a
di sease. The unicywisgital canbles biutsanrbedidapted fior Use wigesioleculandsseatwirnymedified ed
cell sanple. Cell sanples are collected in any suitable manner, including
scrapi ngs, bi opggescgbeda88iMgs, and from any suitabl e source. Numerous cell
collection techniques are known and any can be used with the present

i nvention. Generally, the Nwle¢agdgsrechoreasallybaefitsfiom the(use of d rehgentur ce
of cells for a cell

sampl e i.s chasen based on. t he. known.or.likely ti
affected by t h&aR§O rgy%rlntgxg niuﬁl?g:raé:écfae qtlogmré%pefrgogme%'t Fﬁysﬁﬁ:lf tngsent
i nvention can bes&9lit 86t REforMEd SS Ftbr shrfipleicOlb&idiE N UEBfulRi@R§Sa Of usef ul
cell collection nedia are PreservCyt(r) (Cytyc), and CytoRi chT"'

(Autocyte). Thegmesepitize hased calicationpeetlitmthatthas sbilizersifornusicicyddd (GgiitBRNA
Zggglr ?E eguL e(r: 2in rff\?l?l Iﬂ&l&fgr?&j prfo%)erinsuasn?l tﬁ\gttpr}esré?\lle% %léh %Eorgl?oﬁg S, such as the gﬁiLér% as
collection medium of the present invention.

One method useful with the present invention involves measuring the
levels of expression of genes involved in a disease state, and comparing their
expression to each other or to reference genes, as an indication of the state of the cells.

Such measurements can be combined with other assays to increase the accuracy and
reliability of the assessment of the disease state. The present invention can be used to
assess the stage of a disease as indicated by the state of the cells. This embodiment
can also be used to guide or assess the effectiveness of a therapy for a disease by
identifying appropriate therapy based on the indicated disease state or by indicating
any change in the state of cells subjected to the therapy. Also disclosed is a cell
collection medium for preserving cell morphology and cellular biomolecules in a cell

sample so that multiple assays can be carried out on the same sample.

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



of preventi NP P42 c acid degradation prior to performng tH #1094  he
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preservative based collection nmediumthat hagpstabilizers for nucleic acids.
(both RNA and DNA) and proteins and that preserves cell norphol ogy, such as
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with the present I nvention involves nmeasuring vel s of expression of
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state of cells %Hﬁ%‘ﬁ%ﬁ el O the therapy. Also disclosed is a cell
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and conditions can be identified and/or nonitored by assessnent of specitic
cel | ul ar nor phobeggnenaily dividesl into twat types; cytelogivhl ghraradtenstins aid motsicelatl es.  For
exanpl e, neopl ashi c and. capgﬁero&i cells i%‘?%i 08542 .- 12 PCT/USO1/ 41091 2 FEB
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expression patterns are also a good indicator of disease progression.
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cytological characteristics is generally slow, requires a relatively high level of training,

Nucl eic acid detection generally benefits fromthe use of a reaéeng capabl e -

and generally cannot be easily automated. As used herein, molecular characteristics
are the presence and/or absence and state of particular molecular species, such as
proteins, nucleic acids, carbohydrates and metabolites. Such molecular characteristics
are generally identified by detecting and/or quantifying the particular molecules of
interest.

The present invention allows both cytological and molecular
characteristics to be analyzed from a small patient sample. The characteristics assar
can include additional or surrogate marker characteristics that are not a direct cause or
result of the disease but that are related to certain disease and cell states. Examples of
such additional markers include polymorphic markers, human leukocyte antigens
(HLA) such as B7 that predispose women for cervical carcinomas, oncogenes, pS3
mutations, BRCA1/2 mutations, other cancer markers, oncosuppressors, cytokines,

growth factor receptors, and hormones. Such markers can be present in, or absent

from, cells exhibiting state- or disease-specific characteristics, and such presence or



changes in »a buessephol ogy and/ or expression of genes can bepdetssmioad from
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primary identification an assi |ca Ion of many neoplastic and cancerous
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cytol ogi cal and nolecul ar characteristics to be analyze ma sna
pati ent sanple. nimeplmltdnabnﬂoelasmt(flﬂﬂ) and agncey ratypicd] sgeanamidicell oofaindetermined

surrogate mar ker ract cs that.are not .a.direct,.cause or. result of
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| eukocyte antigens pre ose or ce vi cal

car ci nomas, oncdigezsesnclpdifg entatgad poostate BidFdosBtemaneadr, chlamyditjwnd virmhinéections
mar ker s, oncosup r'es tok| nes, growth factor receptors, and hornones.
Such markers caﬁ ;%y@’i]t &PES- or absent - from cells exhibiti ng state- or
di sease-specific characteristics, and such presence or WO 01/98542
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neopl asti ¢ di seds@nsidpetitdangbaiet béthaunhe bundtudbnof ﬂph* &€.0Fgénples cfncr—
invasive means are, for example, cell samples obtained from urine or a nasal,
epithelial, cervical or other cell surface scrape. Other methods for obtaining a cell
sample are by needle biopsy, or tissue biopsy. The cells are collected into volumes of
less than 10 ml. More preferably, the cells are collected into volumes of less than
about 5 ml, and most preferred the cells are collected into volumes of less than about 2

ml.

Combinations of multiple assays may be used with the media and
device of the present invention and can be carried out from the collection and use of a
single sample. An important aspect of the combination of assays is the use of a
universal cell collection medium that allows a single cell sample to be used for
multiple assays of different types with a minimum number of assay-specific
processing steps required. For example, cells for assaying cytological characteristics
are typically collected in a large volume of liquid which leaves the cell sample too

dilute for most assays of molecular characteristics. Prior art methods do not provide



or the magnMoud#8df2 change in quantitative markers. Exanpl esPOT/US)KBH6%E
states for assessnent using the present invention include, but? &E8 AR5
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A piece cf non invasive neans are, for exanple, cell sanples obtained from

urine or a nasanolecwprasse¥s al , cervical or other cell surface scrape. O her
nmet hods for obtaining a cell sanple are by needl e biopsy, or tissue biopsy.
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the cells are collected into volunes of |ess than about 5 m, and nost
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use of a wuniversal cell collection nediumthat allows a single cell sanple
to be used for Thﬁﬂeﬂmmreer&&g%% aggays tq beparfarmegd yall agnerplly detenning thefampls  of

assay- speC|f|c %g%%st?@g@édeps requi red. For exanple, cells for assaying
cyt ol ogi cal Ics are typically coll ect ed in a large volunme of
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PCT/ US01/ 41091 g@iffefeBt 2843 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
gene in a different cell sample (such as an earlier cell sample from the same source or
appropriate reference cells), to the level of expression of a different type of gene in the
same or a different cell sample, to the level of expression of a reference gene in the

same cell sample, or to the level of expression of a reference gene in reference cells.

Expression of genes of interest can be assessed using any suitable
method. For example, RNA can be detected using hybridization, amplification, or
sequencing techniques, and protein, like carbohydrate, can be detected using specific
antibodies. Many techniques for the specific detection of gene expression, by
detection of expression products, are known and can be used with the disclosed UCM.

One technique for detecting and measuring the level of expressidn of genes of interest
is detection of RNA transcribed from the genes of interest. For the most reliable
comparisons, expression Jevels that are to be compared should be measured using the

same technique and be performed in the same manner.



for direct nethods for both cytol ogical and nol ecul ar analysis. The prior
art met hods WPOYA?¥é several extra steps, such as a separ ateP@EgH{?@Hﬂﬁ’é%ion
step, which is inconvenient and may result in nmany of the rﬁ)IF(E@uQWj
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sanples for use in the nethod of the present invention can be fixe or
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same type of  gengplifitafiofl (NASBA)! sﬁﬁhldimen&mmcaﬁoﬁfsm ,'ah&&ngﬁh&aﬁon
sanple fromthe same source or "appropriate reference cells); to the [evel
of expression ofwih Qi¥feplicase (BiymnufyegamieMushahivar, (5301); bandagatinf {1890t cel |
sanple, to the level of ex%v‘g%sio of.a reference gene in the , sane, cell

sanpl e, or to t HEUPERRUS axRYRIgEhedstetiogand measusempited! SERR CYRICISION PrOHCE are
cell's. Expressi oan genas HRfaditE S fdithe 8&BmARARR @Qva%mpég@rn%fﬁ g&@é &f

nmet hod. For exanpl e, can be detected using hybridization, cat 1 on,
or sequenci ng tiatehest gsieg theadG@Mpraliexited sahipkes. car bohydrat e, can be detected
using specific antibodies. Many techniques for the specific detection of

gene expression, by detecThepresént SxnEsS pvides aibdedds fodiRlye@wellanmdr can be
used with the disclosed UCM One technique for detecting and neasuring the
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and be perfor mednlgntidie TRMBCHASBEY of WR R1é A85ckinddafter storage at either 4 °C or
room temperature for periods of 12 hours, 10 days, 3 weeks and 6 weeks. Slides were
prepared by staining using procedures well-known in the art, for example,
Papanicolaou staining and Hematoxylin and Eosin (H&E). When the slides were
examined under a light microscope, all the features characteristic for cancer cells were
visible and well-preserved in all cases. The slides showed 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. Both
types of cells (normal and cancerous) had distinct and sharp shapes of both the nuclei
and cytoplasm. The nuclei were well-stained and the normal cells showed a different

color of cytoplasm depending on the maturity of the cell.

In one embodiment of the present invention RNA was analyzed directly
by solution based procedures. The cells were first lysed by adding a proteolytic

enzyme to the cells contained in wells of a microtiter plate. Non-limiting examples of
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nucl ei, usually ppkds. oval shape and irregular, granular chromatin, scanty
cytoplasm nultinucleated cells, presence of nucleoli and presence of
mtotic figures. In additi invhAESs : I

di spersion and no cell cl u%&‘ﬁﬁéegg’é‘t%h’l’ tyﬁ?%\(g%ﬂgéﬁﬁgl%ﬁr%{o%}é@gﬁ gggﬁggd:'tous)
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The cells were first |ysed i'ng a prot
sequences, RNA sequences and/or expression products (mRNA or protein) of one or

more DNA sequences, and sample handling containers. Useful reagents for detection
of DNA sequences and/or RNA sequences are nucleic acid probes or protein nucleic
acid probes for those sequences. Useful reagents for detection of DNA sequence
expression products (proteins) are antibodies. Aberrant carbohydrate antigens
associated with cancerous cells can also be detected by antibodies. A kit may also
contain control samples or reagents, or reagents and materials for performing other

assays to be combined with the disclosed assay.

The present invention can be performed using devices adapted to the
method. Numerous devices for performing similar assays are known and in use and
can be adapted for use with the disclosed UCM formulations, assays and methods. For
example, devices are known for automating all or a part of sample assays and sample -

handling in assays.

All or part of the disclosed method can be controlled or managed using
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Formulations

Formulation 127

20% Ethanol

0.05% NaN,

5 mM 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

pH4.1

Formulation 130

7% Butanol
0.05% NaN,



can be adapt ed for use wth the disclosed UCM formul ati ons, assays and

nmet hods devi ces are known for automating aII r

sanpl e assa&g aﬁg!mé?anpl e handling in assays. Al or part of théU“gﬂ/ébq%sed
met hod can be controll ed or managed using WD 01/98542 PCT/ USO1 4;1@39& 17 2
FEB 2005 speci al purpose conputer prograns,-The data collected” f'rome Wb

di scl osed nethod, and data from any other assay used in conbination, can be
conpi | ed, anal yzed andM BDOput in various forms and for various purposes
usi ng speci al purpose 3QHHaeldeiydeSodin-BiRuditeRGOEME can be used with, or
combi ned into, other gogajfRIOARIHOALA nhBhagenent conputer prograns. The
useful ness of such a ramincreases with the nunber of neasurenents or
assessnments to be conbined, and the relative inportance of each type of
measurenment to the overal! assessnment. Conputer prograns for use wth the
di scl osed net hodQ lafign d on general purpose conputers, or can be

i ncor porat ed i nto speci al [pose conputers or conputerlzed devi ces for
control.ling the di sd’lfé%‘é‘(é) {Gyare Comprastiony and anal yzing data fromthe

di scl osed net hod, or Gutdins BExieved ESthiehel exanpl es herein are neant to
exenplify the vari ousSteapelifrits ofith GaslogicRamples: 3 heeksutec 037 ed are not
intended to limt the invention in any way. Formnul ati ons Formul ation 127 20%
Et hanol 0. 05% MaN3ulaBoAYBEDTA 2. 5% d ut ar al dehyde- Sodi um Bi sul fate (G S-B)
0.2 M NaQOAc- HOAC“ﬁH’BTFbTrruI ation 128 20% Et hanol _

CytoRich™ (AutoCyte Corporation)

Contains less than 24% alcohol
Storage 15 °C - 30°C

Formulation 141

20% Ethanol

0.05% NaN,

5 mM EDTA

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

pH 4.4

Formulation 149

10% Butanol

0.05% NaN,

5mM EDTA

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

pH44

Formulation 167

9% Butanol

0.05% NaN;,
5mMEDTA

2% PEG-1500

10 mM NaOAc-HOAc
pH 4.5



0. 05%NaN3 2.5% d ut ar al dehyde- Sodi um Bi sul fite (G

NaOAc- HOAC W’Epﬁigmul ation 130 7% Butanol 0.05% NaN3 WD 6&% "91
PCT/ USOL1/ 41091 -18 5 mM EDTA 2-5% d ut ar al dehyde- Sodi um Bi sul f1t @ B)
0.2 M NaQAc-HOAc pH 3.7 Fornul ation 134 2 FEB92085 PreservCyt' (Cytyc
Corporation) Contains buffered nethanol Storage |limts with cytologic
sanpl es: 3 weeks at 4 C - E3dampléeds Gehatal Methdds foy Nukcleih Acid i s1GiE e
Corporation) Contains |ess than 24% al cohol Storage 15 C- 30 C

Fornmul ati on 141 20% Et handthe &s8pfér Nabidic deid3ibliiWs indehdfal pnnc1ple the method for

G ut ar al dehyde- Sodium Bisulfite (GS-B) 0.2 M NaOAc- HOAcdp
detecting HIV RNA by the Digene Hybrid Capture HIV Test, escnbed in WO

93/10263 by Digene. Briefly, following lysis, 50 pl of probe mix (containing DNA

biotinylated probe) was added to each well. The plate was sealed and incubated at 65
°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 and 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 chemilumix}escent signal generated by

each specimen was converted into mRNA copies per cell.

Example 2: General Methods for Morphological Analysis

HPV 16 positive cancer cells (CaSki) were placed ip UCM 127, 128,
141, 130, 149 and in two commercially available fixatives PreservCyt (Cytyc Corp.)
and CytoRich (AutoCyte). The samples were then stbred at ambient temperature. The
baseline slides were prepared after 12 hours of storage. Then slides were prepared
after 3 and 6 weeks. In addition slides were prepared from UCM 141 and 149 after 6
weeks at RT. The slides were prepared by spotting 200 pi of cell suspension onto
polycarbonate filter. The filter was then placed on the glass slide and blotted. The
filter was then removed and the slides fixed in 95% ethanol for 5 minutes. The slides
were stained using routine Papanicolaou staining and Hematoxylin and Eosin (H&E).
The slides were evaluated under a light microscope using different magnifications, and
documentation in the form of color pictures was prepared. Additionally a smaller

study was performed using a mixture of normal human cervical cells and CaSki celis.



Forrmul ation 149 10% Butanol 0.05% NaN3 5 mM EDTA 2. 5%

d ut ar al deyBLI8FH2um Bi sul fite (G S-B) 0.2 M NaOAc- HOAc pHYT/ESEAIM9 at i on
167 9% Butanol 0.05% NaN3 5 nM EDTA 2% PEG 1500 10 nM NaOAcI-\;;%

WO 01/98542 PCJ 6141091 05 r?5 2-005 -19 .Bganple 1: Ceneral thodé

Nucl ei c Acid Analysis The assay for nucleic acids follows in general

principle the MR d—%{y g;(g;t | V
Test, descri beg‘?lmr%qgvbﬁ&géy%%%%g& Wﬁ.ﬁgygne B??%?Pglp]f gﬁlg;:,M ng ;q/)sr% %lnh{
pr obe i x ( cont EytiRigh Edtirol i Eachrsyﬂnpteedasmphbm)o was tubdsl end placabatR Tuaid at 4THE

pl ate was seal ed ndlncub 5 Cfo ours for hybridization to
occur. After hyt‘ﬁ* %%9%&%%&% ég dagyand ei;pggoqugeashdes were prepared

st repavi di n- coa ed
to each well. The plﬁiat% ae%?ag’g”ﬁ’ S Ogéa&%ogwgm}lb“iy fe gﬁo{}&érpg%}l%{%%ﬁ)ﬁ%]
t enper at ure. V‘éiﬂoisplwﬂﬁgy sradyredll dispersivhscell shapémiCleapsitapb dhi@hatid pdtieavant by

one wash using distilled water. 100 | of a chem | um nescent substrate was
added to each S@ININGAENSHE BIClarCYiARIasR &1iioa PERFCHEE O fawricobgyeoniesm shapsrando

mnutes. The pl 915.1%11’1\,?(’?0101‘ Figures 1-24 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 25-72 show the morphology of normal human cervical cells
mixed with CaSki cells and stored in UCM 141, 149 and PreservCyt and CytoRich
controls for 12 hours, 10 days and 3 weeks at room temperature and at 4 °C. The
evaluation of these slides showed that the morphology was well preserved in UCM
and in PreservCyt and CytoRich controls. After 3 weeks at 4 °C and room temperature

| both types of cells (normal cervical and CaSki cells) had distinct and 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.

Figures 73-75 were taken from archived routine Pap smears to show the

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

Example 3: HC IT HPV DNA Assay 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



then read in the DML 2000 | um noneter. The data was then expressed as
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color pictures was prepared. Addifionally a smaller study was performnmed
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sanpl e was spl ity pREGvEMOINAURRARRADUP heCRH MmbrpRloads Ple HCH HPAf te&trwas2 hours

(baseline), 10 days and three weeks of storagé, slides were prepared and
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for the norpholo study.. .cell, di spersion,.cell shape, nuclear, shape,
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nor phol ogy of CaSki cells stored in different UCM and in PreservCyt and

CytoRi ch controls stored : gs -coB
features characteristic fgttrjcg@wmgéﬁ?g c%‘rdc?zr?oﬁrf@edégﬂig t\%en&gg&éicgl ) eab}fnd
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hyper chromati c nyelel usugl Iy with oval, shape.and irreonlar granular, .

lower when compared to UCM 127 and 128. UCM 130 retained its signal after 6

weeks.

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.

Medium Baseline | Week 1 Week 6
S/N S/N %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
ST™M 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
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CaSki cells was chosen beca an _adequat e, clinica Lreq. usual | .
contains about | x 106 ceﬁP?&gi%?ﬂ’esag’é’ S%‘FS%E‘ S%é{éﬁg%g‘tﬁg Wetrﬁﬁ%alﬁ’élﬁﬁ
for morphol ogy %&é&i‘din@ﬁ&ﬁ@}%t%@@ls oRbils ERAHHIEIBoth e PRERAEYY 8hd (HtoRfictPfheliiaas
used per assay as described in the Package Insert, wthout any sanple

pr epar at i on nodivWere fundno bAdeficientan tigTiNatslinypo provides Dbl e frarsatisthctory pnkdysig. t he
same nunber of CaSki cells into | nL of Digene Sanple Transport Medium (STM
- this mediumis the current nediumused for |-W testing. It preserves DNA
and RNA but not cell norphology). The HC Il HPV test was perfornmed at day
"0" (baseline) and after one and six weeks of storage at room tenperature.

Tabl e 1 shows the results obtai peambl 4:c ANIINRNIAUAKGl R&ItBasel i ne and

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 Il 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
tested at baseline and after one and six weeks storage at 4 °C. UCM formulations 141
and 149 were tested at baseline and after one, two and four weeks of storage at 4 °C.
Tables 3 and 4 show the results.

Table 3. Results obtained for UCM 127, 128 and 130 in HC II RNA 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



after one ag‘fd] x _Wweeks expressed as S/Nratios. UCMfornul ations 127 and
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127566658521036 9%- g?@ﬁaﬁﬁ 351175500125
STMb55761511106 % % ati onzﬁm anQMg%% ‘'used in the smaller
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cells (1.5 x 1ofndaft e%wndrfouwe Oﬁéﬁf%eé‘ﬁ 7 S0 p1 were used per _assay.
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1, 2 and 4 égb R Xeek 1wedk3Hwa
1786 J1843

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.

Publications cited herein and the material for which they are cited are

specifically incorporated by reference.

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.



SN original S/IN%original S/ N¥original S/ Nsignalsignalsignal
141108751100®1@18MR042795. 91070398. 4 1499443815986. 4803585. 39‘1332@?#21%
addition, sanples stored in PreservCyt and CytoRich were examn #di ng
to the protocols of this exanple. Both the PreservCyt and CytoRich nedi a
were found to be deficient in their ability to provide DNA for satisfactory
anal ysis. Exanple 4: HC Il RNA Assay ReRHEHERRENEES! i quots of all

formul ations (CaSki cells 0.8 x 106) were stored at 4 C instead of room

tenperature and_were tested in the HC HPV RNA assay. The prototype RNA
assay used in tﬁi’fge@Pﬁlﬁf&dM‘ﬁhﬁh\é{%Joﬁ’ﬁQI%@@d3§|1r1§rl€2/63(t198%ed DNA ~ probes

speciTic Tor FrendtoBBhSl FCriniddAob0ilRh 3909): 49402448 (Rig 130 Tere

tested at basel ine an er one an SIX torage a
fornul ati ons 14Copaethlld9 (Hér eMiczsbiell %(9)%@4226&(W)after one, tvvo and

four weeks of sto e show the results. Table 3.
Resul ts obtai ne h?)‘? 'L%\/rlii'fmllgg&éﬁﬁ6%§gnﬁﬁhc 11 RNA assay at baseline
and after one amdnieret eVBEKS p,fmptgx(ggﬂnglmgz go¥eek | Week 6 Medi unBaseline

S/ N% original S/ N%origi nal_ S/ Nslggnal Si %2 279371157123990106
12898111391161 1Ddust et boda Gene Vired 166G:83 lﬂzl(lwx)l formul ati ons tested had

etained a 10008 AR Er Pk SR IND AP o o o1/ g5z
Landegren, Trends Genetics, 9(6):199-204 (1993)
Leiserowitz et al. Gynecol. Oncol. 66(2):295-299 (1997)
Lizard etal. Histochem J. 29(7):545-554 (1997)
Mant etal. J Virol. Meth. 66(2):169-178 (1997)
Matsukura et al., Virology 172(1).63-72 (1989)

Nuovo, PCR In Situ Hybridization: Protocols and Applications, 3rd Edition,
Lippencott-Raven Publishers, Philadelphia 1997

Schneider-Gidicke et al. EMBO J. 5:2285-2292 (1986)
Schwarz, et al., Nature 314:111-114 (1985)

Stoflet et al. Science 239:491-494 (1988)

Swan et al. J Clin. Microbiol. 35(4):886-891 (1997)
Turek, Adv Virus Res. 44:305-356 (1994)

Ushikai et al., J. Virol. 68(1):6655-6666 (1994)
Wilezynski et al., Virology 166:624-267 (1988)

Zehbe (1) etal. Am. J. Pathol. 150(5): 1553-1561 (1997)
Zehbe (2) et al. Mod. Pathol. 10(3):188-91(1997)



-23 PCT/USQ1/41091 2 FEB 2805 at 4 C in conparison to baseline results. RNA
in cells in both UCM fornul ations 141 and 149 appears to be ?tw 4 C
4 for four weeks giving SINratios close to the baseline results 141
108% and_UCM 149 89% . Table 4. Resaf¥¥ obtained for UCM 141 and 149 in HC
Il RNAVBELAIM paseline and after one, two and four weeks of storage at 4
C. Week | Wek 2Wek 4 UCMBaseline SIN%original S/ N original S/ N¥original
S/ Nsi gnal si gnal si gnal 1411074.510299611371061164108
1491243, 51786144"_18‘4131Qt8115§@@8gﬂﬁcﬁﬁladnﬁdéﬂmnall®éng)Ibeﬂl sytologidali RndPmeksulatyt and
Cyt oRi I; cecordi 1 he at Qgol thi;s exa e oth the
Preser %}{‘B’ﬁéﬁgﬁ@?%%%g ﬁc%eglpz&]%% rcéﬁ) C(E)le}n B{Egl’ E))\gh%%? ic%: é?ﬁlecl nartlﬁr%’?d SEi lity
to prowhatgsiRidinpnces seier RN oo DN Ama lpystis . anfBudh ioc did anbysisi dfeshih &N andind t he

mat er i for which they are cited are specifical inc Qrated by ,

refer eﬁi@“ 23 yagen g Pé&f%lstwr%#cwplcépgﬁbﬁﬁpf@ﬁh% a%rég‘éfﬂ 2’Eﬁta&?} Btertain
USI NG PBeradMEE 2 5dn8 b OMterdif TRX REBUHTRA A A6 vERNboRAYZVR| 2L 139 dffile.

speci fic enbodi nents of the invention described herein. Such equival ents

are | nFA®EY to be enconpassed by the follow ng clains. WO 01/98542 -24°

REFERENCES PCTZUSRI t 61091 LL Fhttti 2003
2. A cell or tissue collection medinm, allowing both cytological and molecular

methods of analysis of cells or tissues collected therein, wherein the molecular method of
analysis comprises either RNA or DNA or protein analysis or the analysis of both RNA and
DNA, and wherein the medium is water based and comprises a preservative, a fixative and an

ant-degradation agent, and wherein the amount of said fixative is about 1% to about 10% of the

medium.

3. The medium of claim 1 or 2, wherein the fixative comprises about 1% to about
5% of the medium. ‘

4, The medivm of claim 1 or 2, wherein the medium consists of a2 volume of less
than 10 ml.

5.  The medinm of claim 1 or 2, wherein the medium consists of a volume of less
than about 5 ml. - '

6. The medium of claim 1 or 2, where in the medium consists of a volume of less

than about 2 ml.-

7. The medium of claim 1 or 2, wherein the medium comprises a buffer component,
at least one glcohol component, a fixative and an agent to inhibit degradation of at least one of

the grdup consisting of RNA, DNA, and protein.

8. The medium of claim 7, wherein the buffer component has a buffering capacity

within a pH range of abont 2.5 to about 6.
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col | e%b@kommﬂmfr@magm BBaf! froganbR] ogi cal and nol ecul ar et hods of

anal ysis of cells or tissues collected therein, wherein the nol ecul ar nethod
of analysis conprises either RNA or DNA or protein analysis or the analysis
of both RNA and DNA, and wherein the nediumis water based and conprises an
al cohol, a fixative and an anti -



degr adati on-agent, and wherein the anpbunt of said fixative is. about 1%to. .
about 15% of the. nedium 2. A cell or tissue collection nedium allow ng

. both cytol ogi cal and nol ecul ar net hggfz of analysis of cells or tissues

coll ected therein, wherein the nolec r method of analysis

ei t her uﬁimlg)rdnﬁ)bmﬂfmspr otein analysis or the analysis of both RNA and DNA,
and wherein the nediumis water based and conprises a preservative, a
fixative angs.an Tiyvatdio@@Taliixhilonwhgenithe Aochonb@hiingnttddenpaisgetianell orsai d
fixative is about 1% to about 10% of the nedium 3. The nediumof claiml
or 2, WHe¥din the flxatlve conprises about 1% to about 5% of the nedium 4.

The nediumof claiml1l or 2, wherein the nediumconsists of a volune of |ess
than 10 m .1%. ThHe Iﬁ%‘éﬁn@rﬂf(ﬁal@l7a|W¥1%ihefan°é@Ws%%Pﬁ’§WDPﬁleﬁf@Ps of a

vol urregl%f SC%HSISU ?Q@Q pamé%ylgnenél#'co@) anyﬁ%o an @)O(Ixuﬁé) aiml or 2 where in

the nme on5|st a‘volune © ut 2°m . 7. The nedi um of

claim 1 or c%&?ﬁrg%fmgﬁg?%h'ex%?r?thgh;?ﬁg\;eQ% ?&g&ﬁ{r}ff‘%& glyct cgf. | east one

al cohol conponent a fixative an agent to I nhi of at

| east one ofg thﬂ'xcgﬁlgﬁgmbf?l??faﬁﬁ'ﬁg “%ereﬁMh gugeggggm B fas £ moldlgedi um

of claim7, V\,her el n er conponent g ‘capacity wthin a
pll ran’gfghocﬁft&bm;maﬁo@éﬂ@aabmt@smz FEB 2005 -2512 9. The medi um of claim
8, wherein the buffer conponent has a buffering capacity wthin a pH range
of about 3 1D abbhet mbdivk0of Fhaen nidiwheredt thel polptediylentegidol) bdsea imufldcatar
corrponent h ering capacity wthin a pH range of about 3.5 to about
. 1lwe*ﬂl?bgfsrﬁ?8?[5#16§)f claim?7, wherein the al cohol conponent conprises a d
to C10 al C?Qm "The medium of claim 7, 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.

19.  The medium of claim 18, wherein the agent to inhibit degradation of at least one '_

of the group consisting of RNA, DNA, and nrotein comprises a chelating agent.

== - —"O 0

20.  The medium of claim 19, wherein the chelating agent is selected from the group
consisting of murexide, chromotropic acid, 1-(1- hydroxy-z napththylazo 2-hydroxy-5- -
nitronaphthaiene#sulphonjc acid, eﬂuy]ened;ammctetraaccnc “acid, . o-phenanthroline, and

thiourea.

21.' The medium of claim 20, wherein the chelating agent comprises

ethvlenediam netatraarstis arid fT:'ﬁ’TA\

22.  The medium of claim 7, wherein the alcohol is selected from the group consisting
of methanol, ethanol, propanols, butanols, and pentanols, wherein the agent to inhibit

degradation -is a chelating agent selected from the group consisting of murexide, chromotropic

1 {1 h- rAvmvar D ranthrhulasa 9 herAde rermnmlehalama A Py |
a &
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ethylenediaminetetraacetic acid, o-phenanthroline, and thiourea, and wherein the fixative



12. The nedium of claim 11, wherein the al cohol conposed is Selected fromthe
group consi sting of nethanol, ethanol, propanols, -26/1 bui.anuis, and
pentanois. 2 FEB 2005 13. The nedi lb%]izf claim 12, wherein t eF?chlagl
conponent conprises ethanol or n- (anol. 14. The medi um of" clai ,
wherein the fixative conprises.a polyner.selected fr th r,oup, consi sting
of o BUFGTER ByRDESrerUeb biRas 8 BB STEnE Spohlsiane Syl Ha i of

cl ai npdig(eonlerdoxighlerein the fixative is a poly(ethylene glycol). 16. The
medi um of cl aim 15, wherein the pol yethyl ene glycol) has a nol ecul ar weight
of betweemzmboy reMddastcheaionhing 460Qbgichy andThldrmdi twalwfs & alcon & sdoberei n the
pol y(et hyl ene glycol) has a nol ecular weight of about 1500. 18. The nedi um
of cl Wherein thamelped FPIRTBEHgent to inhibit degradation of at |east one of the
group consisting of RNA, DNA, and protein conprises at |east one agent
selected fromthe group consisting of a nuclease inhibitor, a protease
inhibitor and a chel ating agent. 19. The nedium of claim 18, wherein the.
agent to inhibit degradation of at |east one of the group consisting of

RNA. DNA. and rnrntein rnnprisi s a chr-.lating agent 20. The nedi um of
claim 19, wherein the chelating agent is selected fromthe group consisting
of nurexide, chronotropic acid, 1-(1-hydroxy-2-napththylazo-2-hydroxy-5-

ni t ronapht hal ene- 4- sul phoni ¢ aci d, ethyl enedi anm netetraacetic acid, -

o- phenant hroline, and thiourea. 21. The nedium of claim 20, wherein the

chel ating agent conprises PtH, ,lvn Pdi an~i nntriraarr+tir or+d (PflPA 22.
The nmedium of claim7, wherein the alcohol is selected fromthe group
consisting of nethanol, ethanol, propanols, butanols, and pentanols,
wherein the agent to inhibit degradation is a chelating agent selected from
t he group consisting of nurexide, chronmotropic rcid, 1 (1 hyd cxy 2 nap h
yl 2 h; roxy-5 . c%: -r u".slcra ~-J 1phonic a_id,

et hyl enedi am netetraacetic acid, o-phenanthroline, and thiourea, and wherein
the fixative



-26/2 2 FEB 2005 conprises a polynmer selected fromthe group consisting of a
pol y(et hyl' éne glycol) and a polyethyl ene oxide). 23. A net hogz ﬂ:fﬁagerfor m ng
cytol ogi cal and nol ecul ar analysis on a cell or tissue, wher @08%et hod
conprises: -27/1 2 FEB 2005 obtai ni rid’la preserved cell or tissue, wherein
the preserved cebluidify i piiHSed Sell Br fss W}?errelpeﬁﬁee?reg&g%g@v\ﬁgf@gsﬁg{ g 20

al cohol, a fixative and an antl-degraaatlon agen grerh thed uu e
,. N water-hased nedjum. comprisipg iagcaleoh®l, nawiixakve and anabiedesidladon hgennf andé
rCledlL,“m= rdlqugt|y@nq|y21 ng. ,t,he o1 phol ogy of,. t he cel | or tissue
preserved RS medi i and di et f“f”“‘g ’ﬁl"ﬁlg'xn AGORRIR, DNA or protein

contained in th erv t he medium ,24. A nethod of
perforning cyt oﬁgﬁﬁ%{gaﬁng{érﬁl&"?f@q @8‘8’?‘8{? g%ﬁeg op fisspe PEpservsH I e dprdiimiyher ei n
t he meiniod conpri ses: obtaining a preserved cell or tissue, wherein the
preserved cell or tissue is in a water-based nedi um conprising a

‘preservative, adirbotBtaniigziagRINN, ENAIor pRGEADEIEAE AOBE tell BPEsudPRtPlea t he
fixative co&grl ses about 1% to about 10% of the medium directly anal yzing

t he noP ‘ifnof the cell or tissue preserved in the medium and directly

anal yzi ng RNA, or protein contained in the cell or tissue preserved in
the medi um2425, Pfl'ﬂ’émﬁ‘ﬁtoﬁéﬁrf%‘m%& sytpogigalopndomolegifar dialysisien & esdhor Yssueonpri ses

about v?rh/élﬁt}ﬁ%#ﬁtmd&t{? et he nedium 26. An article of manufacture for
preserving a corrprl sing a container containing the nmedium

according to cl @?@n#ﬁ#%gﬁ@gd &t bhidshd Ll oo LA A ar e 3116 2201 1 @

of manufacture o wherein the volume o iumis Tess
water-based medium comprising a preservative, a fixative -and an anti- degradatmn agent, and

3 o¥ 100 »
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directly analyzing the morphology of the cejl or tissue preserved in the medium;

and

directly analyzing RNA, DNA or protein contained in the cell or tissue preserved

in the medium.

25. The method of claim 23 or 24, wherein the fixative comprises about 1% to about
5% of the medium. '

26.  An article of manufacture for preserving a ce]l sample comprising a container

containing the medium according to claim 1 or 2 and a lid fitting said container.

27. The articie of manufacture of ciaim 26, wherein the volurne of the medium is less
than 2 ml.
28.  The article of manufacture of claim 27, further comprising 2 cell collecting device

having an elongated member wherein a distal end of the elongated member has a non-absorbent

increased surface area.

29.  The article of manufacture of claim 28, wherein the distal end of the elongated

member is a brush.



than 2m . 2R_The article of manufacture.. of claim27, further conprising a
cell collet.:..-. deg ice havins an el ongated nenber wherein a distal end
of the elongated nenber has a non-absorbent increased surfackEBragg; 29. The
article of manufacture of claim 28, wherein the distal end of the el ongated
menber is a brush. 2 FEB 20U5 -27/2 . The article of manufacture according
to claim26, wherein the fixative ctipri ses a pol ynmer selected from the
group consj siti of .a poly(ethyl ene_glycal) d a poly(ethylenme  oxide).

31. The art%cl fﬂr%{ﬁﬂf %‘E%/‘{(j’?“é”‘ééﬁw%}g&é’ ‘(E)Ié‘”b inﬁ%{l ﬂ%rf&aemcq%nsrﬁ xative
IS a ,pohwet Bubane rehy 6Rl group3eonsikhfy F bi bl @l ABBHESGC L @ A0AOkMAY 1O
claim 31, wherein the poly(ethylene glycol) has a’nol.ecul ar wei ght of

bet we@fid@bout 600 and about 4600. 33. The article of manufacture according
to claim 32, wherein the poly(ethylene glycol) has a nolecular weight of
about 150031 3~.Ih& srclaodt BRnwagtpre asgerging woflpige t30owherrin the Fissibvedistact i onof

cel l hol og d quantitative. analysis of at |east one of the group
consi ﬁ?¢§8%3$°%ﬁ§?DNA.protein carbohydrate and lipid froma single sanple,

said nmeth comri si. bt al 1l rved.ce r_tissue rein the
preser vedo‘f:‘jzél I niglre %lh‘glgucg #@ﬁ%&gﬁgcpﬁﬁgd%cg%%oégi ‘r’nvgcf%‘ @?a‘?orm(\émelfn S
I oV glgepl pites almajedar vl ght of begwéanaibodt60 adlahout 4600. cel | nor phol ogy anal ysi s;
and 2 FEB 2005 -28/1- renoving an aliquot of cells fromthe nediumfor a

quantitati3se arkhHeyatislessf| @eiufstnire eordriife go alghme 82 SRtrcingthe fpoDihalesd ysi s,
RNA anal ysi s, protein analysis rbohydrate analysis and |ipid analysis.
35. T&'dce?halfaﬁé‘ %{E@g‘i"d’f ‘Pga PE}%SA wherein the quantitative analysis is
sel ected

A £1 sample
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antitative ana ysis of at least ane of the
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medium according to claim 1 or 2;

removing an aliquot of cells from the medium for cell morphology analysis;

and



fromthe group consisting of DNA anal ysis and RNA anal y5| S 36 The net hod
according to claim34, wherein the cells are stored in'a sanﬁgﬁg g?s

than 10 m. 37. The nethod according to claim 34, wherein th

stored in a sanple of less than abagil-5 rri 38. The nethod according to
claim 34, wherein the cellslgre stored in sanple of less, than about 2 m.
39. The mefHoRYIRE ¥bRERY0Y of 6 |a?rﬁqt@4m8@m@rf@r i ARt e ATES selspRd JeB a

pol yngg. %r% &) 5isRend smhﬁagrsﬁumg%aw;Iﬁ?&cafmaygglaa%ng englycpld and a
pol yet hyT ene oxi dej. 40. Thé nethod according to claim39, wheréin the

fi xat i%ped 4nelysispol y( et hyl ene glycol ). 41. The method according to clai m 40,
wherein the polyethylene glycol) has a nol ecular wei ght of between about
600 and abdGt 46‘0©H¢ﬂ10¢r¢cemldmgh9dﬂca@é&r svhagint heguantitaupk, analyeis a selechsl

pol y(e;tyhene_ _h_as“a‘ _mal. EC_LIL:.a-l’“)[\@Ig_h,I_,_ of about 1500. 43. The net hod
accor dt WG & alfﬁ B Rier e TRe X ae IV8 Conpri ses about 1%to about 5%
of the rTEdIBg.m The method according to claim 34, wherein the cells are stored in a sample of less

than 10 ml.

37.  The method according to ¢laim 34, wherein the cells are stored in a sample of less
than about 5 ml.

38.  The method according to claim 34, wherein the cells are stored in a samiple of less
than about 2 ml.

39. The method according to claim 34, wherein the fixative comprises a polymer

selected from the group comnsisting of a poly{ethylene glycol) and a poly(ethylene oxide).
40.  The method according to claim 39, wherein the fixative is a poly(ethylene glycol).

41.  The method according to claim 40, wherein the poly(ethylene glycol) has a
" molecular weight of between about 600 and about 4600.

42.  The method according to claim 41, wherein the poly(ethylene glycol) has a -

molecular weight of about 1500.

\ :
43, - The method according to claim 34, wherein the fixative comprises about 1% to
about 5% of the medium.



