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FI ELD OF THE | NVENTI ON *159159* The present invention is generally relég;g
to the fived@1e854zyt ol ogi cal and nol ecul ar assays and speciPCTOE01/y1000 t J
area of assays for the assessnment of conditions using cytol ogical and

mol ecul ar assays. BACKGROUND COF THE | NVENRI.ON The detection and di agnosi s

of human conditions is of obvious inportance for the treat ment of di sease.
Numer ous characteristics of Q'NWERS%LWEL@QL‘@QI ihgd and many are used
for their diagnosis. Many di3east Y, are c wmmumﬁm“l
by, changes in the state of the affect ed cells. Changes can |

expression of viral genes in i nfHELBOEJHEINYERNIZEON i n t he eXpI’eS-Sjgﬁﬂ
+patterns of genes in affected cells, and changes in cell norphol ogy. The

acsessment of such ool |G apRet Hbitert oShRs Fabe BE Bt Mof O ana g

Yone or nore imbleailiissaydiand ?&ﬁﬁcaﬂl@rtomm&d@fésmﬁopﬁhebbdemmbfmdmons
her pes sinplex virus, a sanple of cells is taken fromthe patient for
anal ysi s. Gerlsig 9y 0@9@@“&@@?\%@*13%33’% the formof a swipe or cellular
scrape fromthe area prinaril Y af f ect ed b the di sease. These SW pes
usual ly collect a m xture of BadikgROARW)AIS &Hlacl M th a very limted
total nunber of cells. The coll ected ceIIs are traditionally sneared onto a

slide for further anal yit'lz%t%*?%giagg?fagﬁg%tggth@ﬂﬂ&ﬁtd?hg(g?s@iic}b%{gﬁtsed it vas

done at the expense of S1's and was ne via qualitative
met hods such jafportande for tH\tRiatlént af diRBase RNiinhdiehs/chatdefericties/ofideases ipve

obtai ned for conventional cytology is sneared onto a sljde for

mor phol ogi cal begnideptified and mapy gres%né far thejediagnosis Marwdiseases e prassdedRy.cel |
cytol ogy, the_pat U ach anpl e
col l ected for aﬁé%c&%ﬁ% §' %Sﬁqlgtgén)%a @zo%gﬁ%?ﬁsfégac\éﬁs Cﬁ mgr ?rabrfecul ar
tests such DNAcluBbihedx ﬂzrs@tbﬁloflwrﬂ%ﬁéd inyinfeciedwells, @h&rﬁgeﬁ)gythmedpmssﬁmve
appeared on the WO (11/985.12 7 PCT/USOL/. 11091 mar ket i ch provide
for enhanced pasieproif@gyes impdiseted sl andehangesingeleerheloge T B to

nol ecul ar tes h Y/ I I |1 ect ed
Mo 10-20 m dapRsaaifibRiiofeotBa kR tE il B, MRl OREY odl 3

ot her asssayadhtes.bi onol ecul es, maki ng nol ecul ar testing | ess than i deal

Furt her,

Routinely, for patients suspected of having one or more infectious
diseases, for example human papilloma virus or herpes simplex virus, a éample 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

R
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while the current preserving reagents preserve cellular norphol ogy these
reagents all ow degradati on of DNA and RNA, such that quantitative anal ysis
becones dwvobfoimessdit or inpossi bl e upon storage. Thus, presemCTd@pr/aral ysis
requires at |least two sanples to be obtained froma patient in order to
determ ne cell norphol ogy and quantitatiqugenetic anal ysis. Current

cytol ogy nethods use |l arge volunes of a preserving agent which excessively

di lute DNA, RNA, and,other .as [ I j

current pr esaPoRg PERJay e S et PGy T hesk e b fertd o e

al | ow degr adaiméiaabiE t6 Ridletull ddstdruchas &5 HES DNK hoaeveNéelisRiAraatidelyr ot ei n,
such that quantitative analysis becomes inpossible. Designing methods and
«media to preselpeted intp 4030 ml efqueservypg agrats; yvmclwccwtwm%}%g%i@% aRAd
bi ochem cal a

Fixing col | s SpreRils sERRHE Bl AR AR Gt e QU FRRD |

“to do bi ochenjgiid the ket presclVifs fdagemy pfeetive cellulNAovsnldgtResaredgentsex pense
of DNA and nor phol ogi cal analysis. Simlarly, preserving cellular DNA was

done at the edljsendegradatipafl add Bhbt).cyel Biat gunaniiative anplysis deeamesgitfiqultyr
the present inwventi [ de a general collection nmediumfor

i dentifying c%ﬁlﬁwgsgﬁﬁglgﬁﬁéﬁagé@fyg' and quantitatively preserving DNA, RNA and
ot her bi onol ecules fro si ngl e sanpl.e .regardl ess t he di sease,tq
detected. It is another "B%}& _e’&fdsa%'%galﬁ?‘§§%w_fre?ﬁ'\j§"?fﬁ%%s q?r%%d’éaén&e
uni versal cel fom0f paicht inora&db Hlefine RER RIS Al quiRkitRiied fawti@bndlysis.

nucleic acids, liplids, carbohydrates, or proteifns in a cell sanple where
limted nunmberGuneht cablogy arethaisaist bgeevilnmeshef sprepdreing pgerit whaghoaneessivaly ect

of the present, in I to provide c 0si t.ions d .0/ 98~~2 -3

PCT/ USO1 /. 11%%‘1?3 ?(Pz{]}hn@@'“f*’d‘ld b aSas RO B RO B e, e ng‘lg WeBhol ecul es
of interest. Eﬁé@e&ﬁkb&%@nﬁ'}ﬂeé&mﬂhﬁ ﬁib?plﬁﬂo%ﬁh@se! rBagR s 08wk MEatisobf ens
encountered in non-sol uti on-based nmet hods such as in situ hybridization or
non- di rect neindixddualianioleades such e P A RIA apfl proteinpsushihas guandityive; nt er est
fromother celluylar. co onents.bgef ore anal ysis. SUMVARY OF THE | NVENTI ON
The present i § ReCOMSE UPRSSIYICt he det ection, analysis and nonitoring of

cellular disease. A new.ce]l . coll ]ejcési(ﬁ% n@ﬂi umis di sgl osed i ch reg}erves
both cel | morphol ogy an&Pesigning methg TR EXPIPRFIVEEFAR OF BEVF V& AARSPs i n

| | ' : ' i &gl
a cell sanp eg&ﬁm&g@g?lg?igﬁl e?‘lutqﬂg&%gr?{éal QAR ES hE@ﬁrBV&ﬂpr@b’lEmfaﬁ@[ﬂ the phitdFr

patient sanpl 0 |'s can be assessed using a device for
col | ecting cekkathpie, fodnpkells ormissuesion imorpluilegieal a@rysie ndroptiomised the ability to

present invention {nvolyves. exam ning th el r phol ogy.,and _det i a
speci fi c DNA 983’6@?1‘8’@“’61/%% rﬁff’%ﬂg c%é‘@@rl @g?w%pgggwgﬁx%@sagﬁgw
i nvol ved in agg@hlornsolddical aRslySOBRRIARY, pRAENIRIRISREDNA Was eateut didier or
to reference genes I n a speci ?,IC ratio, as an indication of the state of a
di sease in t hexpais¢ of RINA andmotpbdlogical amlysied t o det ect and/or nonitor the
onset or progression

It is an object of the present invention to provide a general collection

medium for identifying cellular morphology and quantitatively preserving DNA, RNA

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.

It is another object of the present invention to provide compositions and



of any human condition which causes a change in cell norphology or in
level s or structures of specific bionplecules. For exanple, the present

i nvent i orwoan9sd2used to assess predi sposition to a parti @alrarSodii®ense or
to assess the stage or risk of a disease as indicated by the state of the
cell's. It can also be used to guide or assess the effectiveness of a
thrapy Bor ?ldisease by identifying apprépriate therapy based on the

i ndi cated ce tate or L.ndi ' 2 LR f

subj et od ¢ o PHECEHEr Sy B KRSk b IRaBRS oF BAeq fos I BHAL ARmERLLS

uni versal celdndeohlpesitioffof il ini@ntion @bl pastiens dioantrd it moalsbimien-based

si mul t aneous preservation of cel]l norphology and bi onol ecul es in a snal
.vol ume. Al so Togtbods sghia in st ybaidization auren-flisert methpdgavhichsrenie ssparation; ng

I T
O hi 0

- conpositions er a sanple’i according to cell
*nor phol ogy and WO 01/985.12 B 1 cal analysis in
sol uti on phase. The bi ochem caf S itative or
guantitative and directly analyzes RNA, DNA, protein, carbohydrate or any

conbi nation thereof. BRIIplokatitvehtiéiN\refdtesTiolh ORI NGSartal gsislandbbdhifcihg
baseline (12 hours at RT). CaSki cells. Magnjfication x 200. Papani cql aou

staining. Fi gofxelluigrrisease. 3 naverall eallertion madim iselisclosedMgMRTERITES FO% 200.
apani col ao v aFl . -l '
Vagni 1 cat | onSsl Bio|gg <y Srifisr P oimbis e RS Ay hapiitls iguinleso

cell's. Magni f ihapinuRiplXasd caRdpaairkalcaofrosil 24ing]e Patidrit garhple UMk s ofdhwveeks
at RT. CaSki cells. Magnification x 200. Papanicol aou staining. H&
staining Fi g ellsuavbeagessdnsiags devicrfor aollerting esdivjas samplghir 4 eragli tﬁ‘ﬁuwmoo.
Fig 7. UCM 130, baseline {12 hours at RT). CaSki cells. Magnification x 200.
H&E staining. Fig 8. UCKIng3Mmbodimentefthetprda®nt igu@kiondeydlves evamining thetdeBn x

é(a).gkl Papani Coﬁﬁiééﬁdgﬁtggggg 8 %}gé’j‘clii?cl B @q%er?de oy%\éa%t%?ﬂg t%e Y@%ﬁsof at RT.

cells.
expression of genes involved in a cell state, and comparing their expression to each

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



Fig 10. PreservCyt (134), baseline (12 hours at RT). CaSki cells.

Magni fication x 200. H&E staini ng. Fig 1. PreservGyt (i 34), 3 weeks at
RT. CaSkiwoaiss+2Magni fication x 200. H&E stai ni ng. VWO BIT988HARPCT/ t 1
SO01 /~ 1 W1 -5 Fig 12. PreservCyt (134), 6 weeks at RT. CaSki cells.

Magni fication x 400. H&E staining. ' Fig.4l CytoRich (13S), baseline (12
hours at RT). CaSki cells. Magnification x 200. Papani col aou staining. Fig
14. CytoRi ch didcheiicat ai’n‘ﬁ?iﬁlr?s?olﬂ_ﬁn pRASK| TiEhibéherYRd %ﬁl&ﬁﬁﬁ é?ﬁhe%qt?a@x@atlve
Papani col aou staining. Fig CytoRi ch (135), 6 weeks at RT. CaSki cells.
Magni fi cati omrnuaﬂﬁatlvmdschmﬂy agﬁlyﬁsgll‘% DN@VIpIM@_m, Grbpdwlateor @Y. CaSki
cells. Magnification x 400, H&E staining. Fig 17. UCM 149, 6 weeks at RT.
.CaSki cells. WE@W%O&&P?Y& of x 400. HEE staining. Fig 1$. UCM 141, baseline at
RT. Normal epithelial and CaSkl cells. I\/anlflcatlon x. 200. Fig 19. UCM 141,
baseline at 4 C. Nornal epBREEY DESGHETHINQE JHE DREMENGS cati on x 200. Fi g
v20. UCM 141, 10 days at RT. Nornal eplthel i al and CaSkl cells. Magnification
x 200.Fig 21. UCM 14, ays SKi

cells. Magni fication x 2’8‘5le L%Mééabééqu%zglg{;{s%k%ca@hkgr%gl epi t heli al
and CaSki celMsghifigatidn x200. di'apamaﬂﬁbu:stgnﬁ@.ucwl 141, 10 days at 4 C. Nornal
epithelial and CaSki cells.Mgnification x 200. Fig 24. UCM 149, baseline
at RT. Nornal epitheliaFigd CCMi120£3 Ivecks\RY. (0aSRi ¢edls. Magfification M2@0L/ 98y 2
PCT/ USO1/ - 41091 -6 Fig 25., UCM 149, baseline at 4 C. Normal epithelial and
CaSki cells. Rﬁ@meplaeatstaann& 200. Fig 26. UCM 149, 10 days at RT. Nornal
epithelial and CaSki cells. Magnification x 200. Fig 27. UCM 149, 10 days
at 4 C. Normal epitheliBig&ndUSKi27cemesks avﬁ@]hiGaSka@dlbrMﬁglﬁﬁOaﬁdﬁi)gZ@B. UCM

149, 3 weeks ﬁt.?cER:;It_am{\rllogr mal epithelial and CaSki cells. Mgnification x 200.

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. 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 29. UCM 149, 3 weeks at 4 C. Normal epithelial and CaSki cells.
Magni fication x 200. Fig 30. PreservCyt, baseline at RT. Nornal epithelial
and CaSkiwoalPpss42 Magni fication x 200. Fig 31. PreservCyt, PEIAHOIMABIAt 4 C
Normal epithelial and CaSki cells. Magnification x 200. Fig 32. PreservQCyt,
10 days at RT. Normal epithelial and CaSkiscells. Magnification x 200. Fig
33. PreservCyt, 10 days at 4 C. Nornmal epithelial and CaSki cells.

Magni fication x 200. Fi ) o i ial
and Caski cells. Magni flﬁgééi oﬁfegé‘%é&iéf‘b%3‘¥&%gr§te§t&% ,#ggg_ meﬂkagg@ctaapgﬁs‘c
Nor mal -epi t hefooaH&ahstaioingki cel I|s. Magnification x 200. Fig 36. CytoRich,
baseline at RT. Normal epithelial and CaSki cells. Magnification x 200. Fig

-37. CytoRich, baseline %1@. CCgM&W{BSB'b%&ﬂnb?ZH&QsM}. CaSki cells.: _
Magni fication x 200. OL/9852  "J ~ PCT/USOL/-L10'11 Fig 38. CytoRich,
10 days at RMagwfieationep2th@rpalicodant: sGadig. cel | s. Magni fication x 200. Fig

~39. CytoRich, 10 days at 4 C. Normal epithelial and CaSki cells.

Magni fication x 200. FiBigdd. CytoRgtle(135% weedks abBRTRTaSkieehnMapnifidacibhal and
CaSki cells. Magnification x 200. Fig 41. CytoRi ch, 3 weeks at 4 C. Nornal
epi thel i al arOCBmanicOoustaimEgni fi cati on x 200. Fig 42. Conventional Pap

snear (archival). Mgnification x 120. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 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.

Fig 17. UCM 149, 6 weeks at RT. CaSKki 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.

Fig21. 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.



The present invention relates to a universal cell collection nediumthat
makes it possible to conveniently collect and preserve cells and their
cont ent s WOPO1/a8d2ssnent of the exi stence or progressi on offCT/H0EEHE
isolated froma single small patient sanple, using cytol ogical assays, -

nol ecul ar assays, or both. The instant unig/ersal cell collection nedium
preserves cell norphol ogy and preserves nmacronolecules in a cell sanple for
either qualitative of GHask! LBENY $48Bkaifle% 4 LENYRR] hihdlalhd] CALA cels.

i sclosed cell collection nedium preserves nucleic acids in e cell's.”"Such
preservati on Maghifieationxi208d to refrigerated sanples. Alternatively,
preserved sanples can be. kept at anbient tenperatures. D fferent forns of

-the universal collecti grigngdi UM &S EIVEyS RTINS EpitRtial fid GRS Sy,

4

-

-to about 4.5.

nore. The universal cell collection nmedidmcan be used to collect cell

sanpl es for aviggnificationex208d is not linmited to use with any particul ar assay
nmet hod. Sonme forns of the universal collection nmediumcontain a buffered
sal ine isotonic sol uti diigd?. abCM ¢40010 days at 41°¢€.Aormat bpidseliakbdddaCaski cells.

et hanol, or a sinjlar alcohol, an RNase inhibitor such as RNasin, and a

pr ot ease i nhiMPgrg}r.lcaﬂ?EH‘%@- pepstatin. Many different nuclease inhibitors
are known in the art, including, for exanple, vanadate conpl exes, chelating
agents and WD O1/ 985Xip@$/ US%M 149.00weeksgt RdeNermdepithelind and Gadlinells as
wel | as speciyfi c.ani bi t%fos such as RNasin. Any known nucl ease and/ or

pr ot ease inhi%?%rg aneRt e 'enployed in the present invention as a conponent

of the universal collectl I N order tqQ preserve, ithe particula

mol ecul es of interest %g%eng%g%{;& W?%@“Fé(rgﬁuf\lﬁ’ﬁ‘%}ﬁg“%? i3] ﬂ‘i‘Js&?'g‘S‘é?[l?on
provi de for tl@[ﬁ '{ih\ﬁ[{o tJ ¥ means for performng cytol ogical and nol ecul ar
anal ysis on ce %s |(§lh are contained in a single sanple. The cells are
obt ai ned froma patient SOl l . f I S .l I O . hi s
single sanple, cells ar%iﬁe%f rg%tsgrgcgpi&)tag&(l}yt 0 ggwé%ﬁgk%qﬁgﬁd;%aﬁé%@&
perfornmed, thdagsifitatioarx 2PN is qualitatively or quantitatively exam ned,
the cellular RNA is qualitatively or quantitatively exam ned, or any

conbi nati on of anal ysi sFig31DePfcREESt, bhbRindiat 4 ©CENbmal 3piSial AldeCasiif or med
concurrently or, for exanple, after the results of the cytol ogical analysis
are obt ai ned,cellhdVegnificatione Hpj ect ed t o nol ecul ar anal ysi s days, weeks or
even nonths later. Conversely, after nolecular analysis of the cells
contained in the UCM fEBig 32xabRmserviyt,a0tdayaateRIT.Séoremb epithelibhandCafii eelis
retrieved for c&,glg}g caé(gﬂnal ysi s, days, weeks or even nonths later. In
one enbodi merVEEHIEHON KUt i on the universal collection nmedi um (UCM
formul ations of this invention are buffered, water-based sol utions which

conprise a preservativeFigd3n Beesgrviayktlfrdaysat Hife Nermaberithelialamg) (aSky
cross-linkin t to inhibit degradation of RNA, DNA and
pr ot ei n. Thegctf?g'q{g%gl?ﬂgathl ation is further enhanced by the addition

Formil ate the Uow for Eea brestf 3 Pt RToRghRHRue G g Codfigus.”

t hereof can befapsifidatidy £960.r ed al cohol s include nethanol, ethanol,
propanol s, butanols, and pentanols. Mst preferred are ethanol and
n-butanol. The al cohol ppMECOPRIERRR Phellisht 420! NBRA epitRdRI Hd ChSk
formul ati on. For exanple, the al cohdl(s) conponent can conprise about 1 %
t o about 75% adlist MeghiGhatiorn20@ti on. Mre preferred is the percentage range
of about 1 %to about 50% al cohol and nore preferred is about 5% to about
30% al cohol in the UCM Figr36Jl @ytsRichbasélivgent 8T, Noatil epithélinl ahd ChSHiakls.
al cohol is also preferred, WO 01/98n2 PCT/ USO01/-41091 -9 The pH range of
the UCM f or mMagnifisation X4t ant for mai ntai ning the cellular bi ochem cal
and nor phol ogical integrity of the cells. A pHrange of about 2.5 to about
6 is used to formul ate Fig3TJClysgRich, bas¢lineatfti°6nNonbzaleppheliab prdgabki cgllpH
range of aboulgdg3 lffo @bou? 6-3 and nost preferred is a pH range of about 3.5
g mé%'used to maintain the pH of the UCM at a const ant
val ue. Any buffer that has buffering capacity in the indicated pH range can
be used in the UCMof this . invention. Non-limting exanples of buffer
conponents include glycine, malefic, phosphoric, tartaric, citric, formc,
or acetic acids and the like. '



The cross-linking agents of this invention conprise about 1%to about 25%
of the UCM fornul ation. Preferably, the cross-linking agents conprise about
1% to aboMO 0188%4dr fxom about 1 % to about 10% Most pref @CAHISpIHtHE
cross-1linking agent conprises about 1 %to about 5% of the UCM fornul ation.
Cross-linking agents (al so known as fixathves) are vveI | -known in the art
(see, for exanple, Stedman's Medical Dictionary, 25" Edition, WIllians &
Wl kins, Baltinore M :kﬁg@Sat CPR&ShS P86 Had Rﬁﬁohnﬂﬁéinth@hél%d@@kh cells,
formulation is now readil'y apparent to t'hose of skill in the art in |ight
of the preseMagnificatibnar200Non-1im ting exanpl es of the cross-1inking agents
for use in the UCM formul ation include al dehydes such formal dehyde,

-gl ut aral dehyde and t he Rig3o. GypRédhel0 ddysetdse: Nonmalgpithgiéaltand €aSki cells.

gl ut aral dehydebi sul fite. Fixatives are defined by St edrran S as "serving to
fix, bind, oMagaiicatipRk20.st able.” They are substances "used for the

'preservatl on of gross and histol ogi c speci nens of tissue, or individual

cell's, usually by denatNligidfg EntdRopehedivpickaat R Normal gslsbelllahmdr@aﬁlheelﬁﬁr otein
constituents {.11 limt exanpl es of such fixatives for use according to
t he present M a&‘ﬁ ar ol ymers such as pol yet hyl ene glycols) and

pol yet hyl ene oxi des). Pol y{ethyl ene chols are preferre nd

pol y{et hyl ene gl ycol s) lflglg& FVYW&“H‘ Waske 8 WPPIHF?IB&MI%B&& 600
and about 4, Q0 Ak @att TS dy ef erred. PEG havi ng a nol ecul ar wei ght of 1500
(" PEG 1500") & preferred. Fixatives, which function in an eqU| vaI ent

manner to cross-linkin for th

formul ated as descri be?ﬁ%@\?e 8vengf’8§sispoﬁ ﬁ%ile(gpcfgé&eam ydgHY% éﬁ?d% L2 - 1~
PCT/ US01/ -1 1091 Agents able to inhibit degradation of RNA, DNA and/or
protein are well-known in the art. They can work by either inhibiting
enzynes or sequestering net aI |ons or both Nucl ease Qr _protease inhibitors
such as RNasin or pepstaDlAHE] RARTIOM QFSTHEANVENHEON according to
this invention. Preferred agents to |nh| b|t degradatl on of RNA, DNA and/or
protein are chel ating ag%p t
(see, for exanple, Data é E3| gﬂﬁjgﬁ‘lﬁé: %%?gtgrﬁlgﬁfe‘?s%ﬁli cd‘iﬂ:@%‘n !n@dﬁ;ﬁ?thﬁf
Dawson et al mal(asﬁmodswh: toaosivénierflyasiied 988 preserve ol and thé’l)‘ centdntaf@ knovvn
to both attenuate net i on-induced and. en 2y

bi opol yrer s. waseﬁmqjﬁb 8’%‘%‘? AT A R O R dFom S dinile R

i nvention i nglauds ﬁﬁp@é(' RO 6dTBA Ry §, nAdikbblar assays, or both.

1- (1- hydroxy-2-napt hth Iazg} 2- hydr oxy- 5 ni t ronapht hal ene- 4sul phoni ¢ aci d,
EDTA (et hyl enedi am net e t he
l'i ke. (A p)r/ef erred chel aﬁﬁg&%}e I%PSQ EH‘ROMAEE? ?%%E%P&Ferg%i%%fﬁ%h@%g in
thi's inventi candgresetvVessrackornolecules mlmcearshmpkkﬁor bnthurqhalgammtnsmahve

anti m crobi al ents_ are nogl osl des ctans, hal os or|
macrol i des, ?élsk IQ‘FFsuseggl goé disg S‘Fq?eilco eCHQIRPdIHER BIFY g%i
agent is sodi #&qﬁsqﬁ'tﬂeecelfgh%&ﬂ YesErvatio &!nlb%q;rh% t0RekrigBlafcd sahpldssed for a

conbi nati on two or nore assays o ferent characteristics related to a
cel | state ofAltanetiedy, présewmb&aiMp@seam be ke athamhignblemperatyrss. r]éffﬁﬁfent(mes

detection or sur.enen eci fic characteri tlcs the results |ch
may be conbi n&ﬁWE‘WC@P{@ﬁ egﬂ@h"ﬁ%*&m TEMEWT L S41P &fcﬁéqay%ﬂ%wg%seolr Ingqr

provi de an ovgfiddrkal 28ARLDAEE YN REdidn €8h be ﬁseﬁﬁs%ﬂétt oéll hples fo@wp@@ow t h
one or nore diseases. These assays may include, for exanple, a conbination

of nor phol ogi sl is antligdted tanst Wity prriicparcissay mpethod.cBomae fouos ch itheDNA or

protein or carhohydrate structure ose e or |eve rovid

speci fic indi E‘Hi"‘?%aﬂ C(S’ﬁle?tm%‘ Breye e aB}aB&g (igagirgﬁsoé?m(és%llugg%grana?lﬁghollc
uni versal col é&ﬁdr@ﬁcﬁ%@hﬁéfhaﬁﬁl‘ eﬂﬁnb‘ls 8fla 519111595&6561 ﬁf‘RNﬁ%inﬁRﬁiaﬁﬁldh a‘saﬂpl €.
Cel | sanples are collected in_ any sui tabl e nanner, i ncl udi ng scrapj ngs

bi opsy, or waBNasigsandenproteaserinhiitos auqhaaslp@psm cManthfﬁwslu@]éﬁqe ipljbiterst i on

Ganoral 'yt e KRR aR Pt a0 e B 5 el Vinhafe IO HRERE 8t an

cell sample is chosen based on the known or Ilkely tlssue affected



-nor phol ogy, sGemperent abthganinsrsaheol

by the cell state of interest. Cell sanples for use in the present
i nvention can be collected and stored in liquid nmedium Exanples of useful
cel | col Iwowi/ess4redi a are PreservCyt (Cytyc), and CytoRi cRUW(Sawsweyte) .
These nedi a were devel oped for the collection of cytol ogical sanples but
can be adapted for use with nolecul ar assays when nodified as described
herein. Nucleic acid detection generally benefits fromthe use of a reagent
capabl e of pr L0 i i i | m
aacay i tho SUEREhRELRUCLRLGRE R SR CRRIOR sk s RNaBR AN i,
medi um i s a phededseahd/oe plvacrd inhibitoeciandire amgloysd inltlxt proset fivaditidn aser s f or
nucl ei ¢ acids (both RNA and, DNA) and . protejns, andq that preserves cell
estioemedim inediieiip Bresee e ar

i nvention. O‘ﬁmdﬁhi@%ﬂ'ﬁt@kﬁ in‘@ﬁé?sa}xﬂﬁe present invention involves neasuring

the | evel s of expression orf genes vol ved in a disease state, and

ol cation of the ot a o 10F RS T inienl bk TG, AR BRe AReta,

with ot her aspaifsmiifig cPoldtass ahdRoREOMF Aflysieh Edlsivithtl dre)oftbinkden a single
assessnment of the di Sease state. The present invention can be used to

assess the st agwplef Thedelears@btanedftine apatienbypnd poreskinthe YEM picthisdnyentionhi s
enmbodi nent can. al s9. be ysed t,0 ide o ssess the, effectiveness of a
Shorapy for - a EroucBiagle Simbl Ak 6 SndEt Aide EBIokaf SlaniBRRRen "t ne

i ndi cated di S pagerm¥d @t &lluby DN|i liagvelyor ghantBaively daginddatie @flukel | s
subjected to the therapy, A so disclosed is a cell coll]ection nedium for

preserving ceRN4viy graditasiyplyeruentitatively exanined.«x gne sombingtionefianglysisiie so

h Itipl : ' ;
bna other punBainang - Pk AfieRAl fBReOs pookl ARSEaRR ror MRMpIE RS s
phenot ypes anghgessitsofithe sftolpicabidatyshsare Sbtatned] the aslasara pubjetsiliotrhelaculaan

be identified and/or nonitored by assessnment of specific cellular .
nor phol ogy or analygisdays, weekuier ayen snopthsdater. i Converseh, afien reelgrdar analysisof s e,

xnibit cor t aCUGIERRET B A siftle BE abiohalat el e spdiede ™o @ 1Y

Mol ecul ar charégieedd fol co®logicit Andsig) dags, Wetlad 6105ven afvatigdaer. expr essi on
patterns are al so a good indicator of disease progression. Virally infected

cell's can exhibit differgnineRibblipdcpbethe HNENHER EreDPFLHS LSIcRGE BT
i ncl udi ng expression of viral genes. Usi ngbt he present invention, the

chg/r acteristi G Eqn@ulﬁéilons of Lseﬂ\cfiesml@ha@s ueapry avatqrrbagesy SOllﬁiﬁﬂb%ﬁ@gyh
o S e SRR IR ST A AR S

a hece e of interest
and the di seasgesumdemtaentad inabifgdedradtionof RINA IBNAINd psatoipl The Gsef the
characteristics can be generally divided into_two types,. cytol ogical
characteri sti déc%@mmlageu ipfurtbpranhanced ibythe additien ﬁé@cﬁlﬁﬂlé‘i"h@l #8F0b| ogi cal
characteristics are characteristics such as, for exanple, overall cell
shape and appearance of Nemlyasiylnoaruiscotsaloplapdcan be vsedntn dommlaie the UCM, for

identification and. classifi i on. of many neqQpl astic.and CRLQuS ls
has traditi ondPAYPlaany §&ee§%ha§cﬁaﬁlsagm “E%?gg?r‘é%ﬁt el bR e HAGEIRY BioBfbLs

I denti fi cati onpghidé wetansl, efHandlNpropariods, bitan6’, Al SEARROR! Nost bferrddedieli res a
relatively high level of training, and generafly cannot be easily

automat ed. As atikandl hed nibutanob| Bisudlenhob ¢aarcompsise gtsignificantperprantage s dic e

and/ or absence, an tate of parti,cul an | ecul ar Ci .S I i ns,
nucl ei ¢ aci ds,efog'ﬁ}q]ﬂﬁﬁ?/dﬁ % ?@B?Led ﬂf’?ﬁ‘%"&?'@t%’é’.’p %ﬁ%ﬁcggrrﬁf”g%ﬂ?%%%m % B'aBbf
characteri sti cE%betHRANENPIdrMuiatient Mor&prefitredds GRipgeR@ntige tage gDatsdut fl ¥4 tag
the particular nolecules of interest. e agr esent invention allows bo

h

cyt ol ogi cal arrboubP@ewiephobang meteareforredis @utb‘e%é%b%ée‘mlmbinsthﬁﬂctM
tient | The..ch i Sbi CSco j i b |

bRl Tl R e At L B

surrogate nar e at are no cause or result of

*the di sease but that are related to certain di sease and cell states.

Exanpl es of such additional markers include pol ynorphic markers, hunman

| eukocyte antigens (HLA) such as B7 that predi spose wonen for cervical

carci nomas, oncogenes, pS3 nutations, BRCAl/2 mutations, other cancer

mar kers, oncosuppressors, cytokines, growth factor receptors, and hornones.
Such markers can be present in, or absent from cells exhibiting state- or
di sease-specific characteristics, and such presence or WO 01/98S-42 PCT/ U
SO 1/~ 1091 -13 absence can be indicative of, for exanple, a nore severe
or | ess severe disease state. These narkers can be used in conjunction with
di scl osed nethods to infer either higher or |ower risk of neoplastic

di sease dependi ng on the nunber of abnormal scores or the nagnitude of

-, = p— Y o .. r o o,



A cell sanple as the termis used hereinis primarily a collection of cells
froma patient. One nethod of obtaining cells is through non-invasive
means, wwolmssielef i ned herein as obtai ned wi thout the pursthardongioof a

pati ent. Exanples of noninvasive neans are, for exanple, cell sanples
obtained fromurine or a nasal, epithelialg_cervical or other cell surface
scrape. Qther nethods for obtaining a cell sanple are by needl e biopsy, or

ti ssue biopsy. The cell I i : . m?ﬁ .

More preferably, the ce eglglgrrée;n e&?%??ggpfo%?]\é&\%ﬁ%@goﬁ fg)és %‘églglro%%t 5
m, and nost @lkiebiciehital 46 herphbRgial intgiiedof the @elVn| AFEbrafige dfabsut Dan
about 2 m. Conbinations of nmultiple assays nmay be used with the nedia and

.devi ce of t hetoabeykhis used wriormwlaterthe H4M 98 this inveatiprs UYlofe prgferraé iscopi ect i on
and use of a gji e [ f e [ '
assays is t hels“aggbg?b%g‘pgkﬂ &\\/bé)'rﬁgglagggﬁ%% el?%gt? %Rﬁﬁ%ﬁo& uontfa[% a fs:tH %&gpés'
*single cell s®usfed(s) aregedtsanaintain i lpH ¢fl the BEMuUba 6nsttint ¥eluenAny poffer that h a
m ni mum nunber of assay-speci ftihgiimf_rocessi ng steps required. For exanple,

Hl 1

cel I's for asshasitvicepe smsgity eatetbpligangescan be ussdhindhe UM efthiscted in a
| ar ge vol unme t Quing Whi t JWh | . nost
assays of nol @g’ﬁl}ltgo?l' cl\ﬁ(?iﬁr,\!';ll(lzlgt Q‘ r% e???{@ze.s 9 fglugfrgll cg)rr?;?o m‘?ﬁél&gg%ﬁl#%{l&ﬁéagéf’de w0
01/985-12 - 14pksphéfidrtarie 0Gttic] Cormik, o atetiteiciisdad iwrlikeot h cyt ol ogi cal and
nol ecul ar anal ysis. The prior art nethods require several extra steps, such

as a separate concentr aﬂ"h@&o§§-ﬁﬂcing’8%&ﬁ!s bthisA YRR cBMpriSE eIy t6 Bbbit | N
many of the nol ecul ar conponents o he cell being degraded. Cytol ogical

cel | sanpl es, 2§hidf¢holdCvhformulation. Preferablyi thg cresstlinkingagenis gompyssahoat 1% do
t | e c.aCi |1 : i I bl e .f.
oL ve i B R MR R Sl ™

invention canah@ tbmplsedabilit 95 fSRdut ST TBONE Forfiftilition! €Rbssirnkihg 4pRnts

assays to be perforned. For exanple, both cytological and nol ecul ar assays
can be per f or (aed knovmpsdiatives) asecdelbknews ol the ag(beet faitesammplehStgdman's| i de.

Preferably, h ver ... Nnol ecu sawsare dope,nkn s0lutio

requirenments Me\%f%je Décgg’ﬁﬁ’ %gﬁ %‘gﬁﬁ%ﬁgﬁﬁ@& gﬁmﬁﬁl‘"&e ﬁgblﬂqr f/ R&%;[g?%t%ag? he
sanpl e processoNhndahdifudesf the TORI forR@Rtich iCASW adadlP BPpHAREH tHEE ok & Ccan
al so be used with rra%édlfferent .genes and di sease states. That is, the

measur ed | evefhegt iligheethe prasentinypatienoNoprinsitias examplen ef the sss-iakingor
exanpl €, to ”&ge 1€ uséin the Py %&ﬁlﬁ%&iﬁ&&fﬁﬂaﬁ;ﬁﬁ&&% @ERgadyqd different
cell sanple (stich as an earlrer ce sanple Trom-the same source ’or
appropri at e r gfugiraldeRydeaint $he like0 A Preféresdadroslitking sieat Rrylethrakiellyde-er ent
type of gene in the sane or a different cell sanple, to the |evel of

expr essi on of bigulfeer ence gene in the sane cell sanple, or to the | evel of
expression of a reference gene in reference cells. Expression of genes of

i nterest ‘can be assesse®&ixativespradpfined hyaStedman's av'tbervitag tocfica bpideor Male can be

detected using _hybridization, anmplificati [._Seguenci echni . .and
protein, Iike%@&roﬁgkﬂg’lﬁ' at 8% @gﬁﬂﬁ%&}fg? e‘éﬁeggdrtfgf Rbeg auen %réﬁtainggg’lﬁg@lcl\/any
t echni ques f ogpddiesitsitiskies ofiRtiRGdIaD Bell ugRNe boderatatn®and PycigitR@midron of

expression products, are known and can be used with the disc|losed UCM One

t echni que f or cerssdiokingdhe:prateineensiituegtst"nNondipiting pxanpleseksush fisatives feis of

interest is detecti 0 RSCI | f e L
the most rel | 0 foconmEio GRS eR I ER e ol d Sy AR TR R E L ShIs)
shoul d be neapylygethiiehd\axilésd. Palytcthylehsglstosls)crel pheferpsdl dndrpsbdethplehdiglysaler
manner . WO glﬁgggl?{z PCT??TSO?/Q?ngl g‘.’SLIS paer '

("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.



Useful techniques for nmeasuring the | evel of expression of a gene of
interest in a cell sanple include the hybrid capture techni que described in
WO 93/ 10280 oby8sR gene, PCR 'in situ hybridization techni qreg/Ekesgroobed by
(Nuovo, 1997)), branched DNA assays (Chernoff (1997)), transcription

nmedi ated anplification (TMA); Stoflet (1988)). and polynerase chain
reaction (PCR), ligase chain reaction (L , self sustained sequence
replication (3 SR), nuc]ei id.s ence ,base | (.£icat j,on SBA) ,
strand di spl acenent a gqﬁ%ca;bﬁ? %ﬁ“ﬁ%%gé,gragﬁtbm‘am%’ igﬁ;ﬁ S'ﬁd/‘\?\ﬁ Qr@% ye
replicase (BiwdieiRuein B8 drMrababsmework(bhOithbr inhedROERYmes bPRFhgsterlipTer OUS

assays for the detection and neasurenment of gene expression products are
known and camdid iaamer kaghf Dinclesss i eratease arhibiéors snch asdR Nesipr pepstelippessi on

of genes of interest using,the collected sanpl es,. Jhe, present .i.nyention
b ovi des. et 0HEF pediie e e pEbn S e TR TrofEred BeBSE PL " For
rexanpl e, a corBiataddPef RNAC BN aY6r frottin 2R Chelath® igente| CiclapbagpiiaarRd in a
Uni versal Collection Medium according to this invention. The norphol ogy of

the cells wasvakkngwiein the agd(see: Hr ggample, Batarfar Biochesical Keseareddirdtiigee f or

Bra i ng_usi P CeRAregTEny OeEE R To0,1 ERe I D BB o
stai ni ng and 5ot Heewhate nitdl iGefidicdd 8 enziigtic E¢Radutiof OF bipbEnRYR M aed

under a light mnicroscope, all the features characteristic for cancer cells
were vi si bl e limigingexamples o ehalatingragants forase én thimiaventiandsclydomerexides ge and

chramti n - scrtySie i bt Bl BT Ao S Bap RIS

presence of rmsulphbhie deid) BIERA (dthylastdidnigeetradtetis héidy; 9-seanabroliigtthiviRae was
good cell dispersigon and no cell clunping. Both types of cells (normal and
cancerous) handdhslikech pagfarredehelptingaget 15EDJdY-h t he nucl ei and cyt opl asm
The nuclei were well-stained and the normal cells showed a different col or
of cytopl asm dependi ng Antimforobisltagents yorafse timthismiventidmare those kbowi methe  of

t he present inventian.RNA was .an zed directly by solution baged

br ocedur es. i NeHIG(RF BXPRHLE ol EEeraiCetmigtS SRRSO ERe DaFEYRE 1o
the celI's conteghdlghorihs Wahdralidds, geﬂi@imng,tazt&rs ald BeSlikeNOO pheifdtieldi anfimeorabial €S
of WO O1/9852 -1 FfCT’/ USO1 /~ 1091 enzynes for use in the present

i nvention i ncigetdsgedinmi avadee K or Pronase. Cells can al so be subjected to
detergent lysis or osnotic lysis or a French Press. After incubation,

bi oti nyl at ed DNA pr obesTheusverdaledlleaioaanddivalchn b scdRiNAa Diiabingtior ostweer e
captured onto a solid ph by transferring to streptavidin coated

o1 opl at 66, KRSIFEREYS D AT CRAEIRIATSHERH F BOGTAE o TR BRASFYbr | ds
wer e added t %e‘?é}ﬁ,hth%kéa%'o‘i‘,afﬁ?s, 12Y81b detidndt Hd4shifleat s%%%shﬁé IcRARtEriRES
generated by adding a chem | um nescent reagent such as -StarTMwi th
Emeral d || ( Thepisa)ts bbwhimbhmayebd conthiredswigh athenaschr meagufenemtstafether cr opl at e.

The sol ution hased DNA anal ysis was perfornme imdlarly t he al ysi s
Treent thae BTReBes BaroNR b Seal e Smeatofs Fril Spietdol toad RifsRRD
anti bodi es angith BRe Bf RIBRSAINEI:ES. U eab&Ysrk MR AR for eXdiBplB] £ERBindtivnIT | ON

can be conveniently performed using kits that include one or nore of the
mat eri al s neeaerphpmgicah analpsihantl quanihticrsofracpagéeular RING ar i er puittineri on and

handl i ng mat eriaal,s., Fox exampl.e, kits can,ingclude,cell coll I: ium
el udi g sar g PyAE FeR R U e Rebncp BRI AE P PBACE sl bBRARLoTRE' of
DNA sequencespretife £ friisssidn dP 8 dideaRX pr essi on products (mRNA or protein)
of one or nore DNA sequences, and sanple handling containers. Useful

reagents for detection ghe [NReRRUINBARY AOHLA calfHR (SEFIRIANES aRf AesilcRiLC
acid probes or protein nucleic acid probes Tor those sequences. Usef ul

‘reagents for shipiet Cell smhplbblidresseljected i @wysuisise oranpen thebiding serapiivgsns) ar e
ant i bodi es. errant c r.bohydé) te anti &gqs assocjated wth @ﬁelr‘}fer ous cells
can al so be d¥PRDLEHEShings apdfrasany suftable souree, Symepts s61 cdGeEPBI  sanpl es

‘Or reagents, QEndiGRASRE RnGWA A daliR Jsed wRRAOHIESA iflehbn. SG&RYAly, thede
conbined with the di scl osed assay. The present invention can be perforned
usi ng devi ces adapted to the nethod. Nunerous devices for performng
simlar assays are known and in use and can be adapted for use wth the

di scl osed UCM formul ati ons, assays and net hods. For exanple, devices are
known for automating all or a part of sanple assays and sanple handling in
assays. All or part of the disclosed nethod can be controlled or managed
usi ng WO 01/98y2 17 PCT/ USOL/ ~1091 speci al purpose conputer prograns. The
data collected fromthe disclosed nethod, and data from any ot her assay
used in conbination, can be conpiled, analyzed, and output in various forns
and for various purposes using special purpose conputer prograns. Such

.




carrying out the invention and are not intended to limt the invention in
any way. Fornul ations Formul ation 127 20% Et hanol 0. 05% NaN3 5 mM EDTA 2. 5%
G ut ar al oeOWde8B2di um Bi sul fate (G S-B) 0.2 M NaQAc- HOAc @PdTAUSh1Fo9mul at i on
128 20% Et hanol 0.05% NaN3 S mM EDTA 2. 5% d ut ar al dehyde- Sodi um Bi sul fate
(GS-B) 0.2 M NaQAc-HOAc pH 4.1 Formul ati_ 2_130 7% But anol 0. 05% NaN3 WO
U1/985.12 18 5 mM EDTA 2.5% Q3 ut ar al deh§) e-SodiumBisulfate (GS-B) 0.2 M

NaQAc- HOAc pH, 3.7 Fornulkation 134, PCT/ USUL/ ~1U91 Py eser vQut tyc

Cor por at i on;) E "‘tea(?f(r%lzg ﬂ% ?rfae(‘}’sg&a%{eﬁﬁﬁ{b‘?segi%?eéé’éljtb? {W(P’?’ 9\5%&?&5%8%8&?96‘1
sanples: 3 theakll 4tate of igter&st.For mul ation 135 CytoR ich-"-"" (AutoCyte
Cor por ati on) ntai ns | ess than 24% al cohol Storage 15 C - 30 C

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 is 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
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



Forrmul ati on 141 20% Et hanol 0.05% NaN3 5 mM EDTA 2. 5%

A ut ar al dehyde- Sodium Bisul fate (G S-B) 0.2 M NaQAc- HOAc pH 4.4 Fornul ati on
149 10/ BuOaNe$s4D. 05% NaN3 5 mM EDTA 2. 5% A ut ar al dehyde- 86diusei/Biogul f at e
(GS-B) 0.2 M NaOAc-HOAc pH 4.4 Formul ation 167 9% But anol 0.05% NaN3 5 mM
EDTA 2% PEG 1500 10 mM NaGAc- HOAc pH 4.5 ;5 WO 01/98y2 PCT/US011~1091 -19
Exaraple 1: General Methods for Nucleic Acid Analysis The assay for nucleic

i gene. rybr | #°bpREPRNBH RRUEEI Sl RO BAR b sfShEER AT R " Y 1

Briefly, fol \Myletdal otatdterficdsud asieadmuldition aohdiertxpsidhpixtephs aryl at ed
probe) was added to each well. The plate was seal ed and incubated at 65 C
for 1.5 hour fldoorgaedtindigatonef discaseproagrassion AVitaly pribetedrellstgapsxhibinpl es were

transferred t strepavj din-cgated m cr.opl nd. 2 . i - hybrid
anti body was cﬁﬁ%@'&t IPS‘%‘QL‘W‘W? ge%‘a‘é(pﬁffsﬁltog Paé"gm%gf‘@ﬁ@gé %gP I%Iisi(gig&l for 1
“hour, at roorgeheMediad tHeGreddht inSeRIne theahiacieistidsioftise oulltshaté,such awsh
buffer, followed by one wash using distilled water. 100 pl of a

cheni | uni neschanges i sell mospholegy. CKPreERIhoR@enes eandbs deterpringddrem @
i ncubat ed at erature for 30 mnutes. The plate was then read in
o il

the DML 2000 %r. The data was then expressed as signal -to-noi se.

Specimen was convert ed | SAARIGHEGOLE QSRR aF SPopi pie A af yera
Met hods for Wdﬁﬂ@h@%s‘é@hsf&&é?ﬁbﬁggg}ésﬁ 3@9@ deil 48mPRN Brich CRArhderi R SEAN

were placed in UCM 127, 1 and in tw comrercially
avai | abl e fi Xzt genemllprdidded/Bya twalypss; c@ological chrdadByristics ad malecwlayt e) . The

anpl es were then stored, at i ent er. re. .The baseline slid wer e
;S)r ggar Zd af t aiafte?i‘éﬂ?ss 2% “%e?g\g’léf’&écy‘gﬂi‘gcaé I%f‘%@‘ge’\'}\%‘rcé afﬁ%‘ﬁﬁa:’cgeﬂlsé‘fsltsé‘?ﬁ %%and 6
weeks. |n addish eimplk) &%&l%l%gﬂ%@&ﬂr%?tefiirrﬁlg@dﬂ@&é delarnies okdheRbd, €TheS weeks

at RT. The slides were prepare Yy sSpo 200 p,| of cell suspension onto
pol ycar bonat eprimaryddentifivatién andeclassificatibeof mhriceepplastic Red gangerous Fellsdagnd

blotted. The fil.ter s then r ved.and the slides, f.ixed.i.n % et hanol
for 5 mnut es‘ﬁraém(@’aél\&li%ﬁgg a‘fﬁé’m‘%nﬁ)‘:ﬁe‘f?g}f m?lﬂgcglé:hﬁaﬁgn é%?ar%fi%’l%ggﬁljons ai ni ng
and Hemat oxyl ¢ﬁol@§{éam&t&i§i&@ is fgzﬁ@aw {easregBires Lietdtivalyddoh REerofardiniof!t
m croscope using different magnifications, and docunentation _in the form of
col or pi ct ur eandgencyallysanead be sasdlyrautomaateds As ysedihezgingnelggulapehapasterishiefed

UOS} gg~?2 mp)&fﬁg:gé@ Iirg%rﬂrg%l ors r%er(x:c%ra\r/l'd%%lte N ﬂah%cu%qngfgc?hér s%géil:ss, such 440
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 assayed
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, p53
mutations, BRCA 1/2 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




-20 This m xture was placed in two UCM formul ati ons 141 and 149 and in
PreservCyt and CytoRich controls. Each sanple was split into two tubes and
pl aced atw@®oi/e8sd2at 4 C. After 12 hours (baseline), 10 dap€TaArsdi/stwee weeks
of storage, slides were prepared and stained wi th Papanitcol aou staining.
The follow ng features were eval uated fo_r13t_he nor phol ogy study: cell

di spersion, cell shape, nuclear shape, chromatin pattern and staining

intensity, nuglear/cytopl.asmratjo, presence of nucl i | shape
and st ai ni ng 28876F par'x_ﬁ:negﬁflggtl\ie_%;{”og %%n{)%ea %’f%ﬁegle{)eg%ﬁgéfs S&‘ée%{%lgg%??@%t or ed
in different M RRfketdtaRbe H8siEbnmetisy WRRide ssedineMods & iafeditadr RT for
12 hours, 3 weeks and 6 weeks. All features characteristic for CaSki cells

-(carci noma cdiighey onlever visk phhesplastic disease gepenslingen the number pfebnpipeal seerss ed
after 3 and 6 _weeks: .]ar and hyperchromatic nuclei usually with ova!
shape and ir®& ‘a?gfﬁ@ﬁﬁfﬁkaﬂéﬁf%‘ﬁ&f‘f‘%“vswf‘?‘% cytoplasm mul tinucl eat ed
‘cells, presence of nucleoli as\rbgi presence of mtotic f.igﬁtr?es. | n_addj tion,
the slides showed that E¥emwies gl disgasscpiatey for giseprmest psin meeREnVeofnyi ng

in all nedia; j : 7 . h i f RGN
cervical cel Ilfslarﬁn&é; g‘d‘t %%ﬁ{ @g%?foé g‘llﬁggﬁl\g%@gltsgfragg’ ?é\ Uaﬁglﬂq;aﬁ% and
PreservCyt antiseayd stitesdf intandst nichude HPV-based dissasd inchiding b iffeotenmk seraical oom

tenperature and at_ 4 C. The.e ation of these slides showed that .the
o bror ooy waBiraethelial seenlout CIND Lt R HYBRE B BGEs S OEyadsir e
controls. Aft . vﬁr@” : : cells
(nor nmal cervisgéil}lﬁ%éreﬁgggépsge s)&ﬁgg gl@?ﬁ%@? %ﬁgagﬁgﬁﬂﬂdgﬁéﬁ%bot h
nucl ei and cydisfabashkiyngEhlepapiliobre, ovab papilleink, enainctdal gapilloha and prestate el | s

showed a different, color of cyfoplasm dependi ng on e turjty. .Flqures
73-75 were t $Res8s§ %mda}gcfmﬁzv RrBEPﬁﬁer?é‘gP e Eaesn chlaEN 6l V‘#&I“b{ﬁ%?%’jy

and staining Qo h%?ﬁi’%%ﬁdff’k@@f.d fixed to slides for conparison. Exanple 3:
say t

HC Il HPV DNA esu formul ati ons 127, 128, 130 and the STMIM

Di trol t i i i . A
(D gene) cont o1 vere {3 A0y en M R el L BT
cat al og nunbefrom alfdlied) Ve méthodisLsbtaiiipheeliold thrdugh mondukagive fieand, whietsis

spiked with 0.8 x 106 _CaSki cells 0500 copies/cell). This copce tration of
Caski cel s wéefinedbexsin sreabained wihom dbppuncturingpf aatiente Exappley efaen-y

contai ns abou . I : b &8lel ot aW@sSa1t hen used
for norphol og{i/wéstludélg%ﬁgﬁ%l@eé%ﬁkﬁma?%stﬁ%?&%nstgﬁ ar Eﬁevolaume of SO pl

was used per g@sithelialacerdieslooriotted celbsurfiee RarajagOthen sethiods fortdvaumingayged anpl e
preparation nodification. simlar, STM.sanple wa repgar ed, by spi king.the
same number ofemplegie bydieedleibipsy.or iissys lﬁgéﬁﬁ‘eﬁﬁi)g'é #ﬁ%‘ﬁ%"p‘&h V‘R}é‘?}%ﬁf (STM
- this medi ungl [ NEGYe F@fgaa'bn #edif ae HRMitEmtd Wumbd oPE@SREY ES DNA
and RNA but rr?g'%égﬁeﬂﬁo(rfrxgr Bﬁol ggy ) ?he HC 11 ISIPV%_est was performed at day
"0" (basel i nejbomnd naf aret mosterafeniedihe celieirs collectedintayeolumes ofdassitbarpaloat dr e.
Table 1 shows the results obtained for each nmedium at the baseline and

after one and™si x weeks expressed as S/N ratios. UCMfornul ati ons 127 and

128 had the highest SIN ratios conparable ) )
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



to the STMcontrol S/N ratios at the baseline and retained these val ues
after storage at RT for six weeks. The S/Nratios for UM 130 obtai ned at

t he baselW@e@19&¢d2 slightly | ower when conpared to UCM 127 PERASLP109UCM 130
retained its signal after 6 weeks. Table 1. Signal to Noise ratios obtained
for UCM 127, 128, 130 and STM at baselingand after one week and siXx weeks
st prfageI at RT. MediunBasel i neWeek | Week 6S/ NS/ 1V%f ori gi nal signal SI Nvof
ori gi na

si gnal 1275668485088 1 PotertologicalArd molPeArAnalY 89 o 158 PROED B8 vess7

615111061271 {&yuire keRdraltdx@h StepbMuth 4sla sdpdraté SoncosesliontdphehiviEs iebnvenient
mor phol ogy study, were tested in the HC Il HPV DNA assay at baseline and
.then after onmed maysesulidnmany ofilawmolseular epaprnents of ghsrselldhepme degtaded. caski

cells (1.S x wer i k | 0y 1 . ' . SO, 3 e assay.
Tabl o 2 showsSeres ey IRPBES 13ud SR i R PSRt el RS Bl 2
fornul ati ons do@bepressive h@deic aeidd W% (huChbakdly B8 sdtfiplanduddbld fodthally . 3% of
the original signal after four weeks of storage at roomtenperature. Table
2. SIN rati osnddeputargéstys.or formul ati ons UC 141 and 149 at. baseline and
after 1, 2 and 4 weeks of storage at RT. Wek 1Week 2Week 4UCMBasel i ne

S/ NSI N% ori gi nal si gnalCalimmpldasfonude isithmmebodief theipgéseal invention can be fixed

signal 141108751 1006101. 21042795. 91070398.,41499443815986. 480 5.3918897. 3
I'n addition, %5RMSFEEd L FPyaner spRLseRi Y thy 358y g’é?ecﬂ?rmgégg%ﬁﬁxﬁg@?e’

accor ding t O_btotl?m%ﬁél%ﬁﬁlcﬁna RbletlhSas8ABah Be pBISIddNBirD RHE FiXéY bn 286lid
CytoRi ch nedi a re found to be deficient in their ability to provide DNA
for sati sf actsobstragnsichi g 8 slidex aPreferably, hd®vaver, Riddectdas agRus aretdone 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
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 expression of genes of interest
is detection of RNA transcribed from the genes of interest. For the most reliable
comparisons, expression levels that are to be compared should be measured using the

same technique and be performed in the same manner.



The aliquots of all formulations (CaSki cells 0.8 x 106) were stored at 4 C
i nstead of roomtenperature and were tested in the HC Il HPV RNA assay. The
pr ot ot ypewBNfivgsmsay used in this study utilized biotinyl atPed/uso1/41091

si ngl e-stranded DNA probes specific for HPV 16 E6/ E7 RNA. UCM formnul ati ons
127, 128 and 130 were tested at baseline_gpd after one and six weeks
storage at 4 C. UCMfornul ations |41 and ?SQ were tested at baseline and

after one, two and four Of. é@ t he
results. Table 3. ResulltJ t‘fegl?rﬁg%%fﬂ?ﬁ%ﬁ%?’% ligﬂt%gg%p %?fg&fjon H?}Q’f

assay at basehisnest angcelf &a@mplene:hmdhehybﬁue@bmrefecamqwg&cabemmwo\/\eek 1V‘éek
6Medi unBasel i ne SI NS/ N2 ori gi nal signal S/ N% ori

.si gnal 127937198 10263du0PEs0R in sty] 1@@2@2@@3&@45¢SZM%M?7§MHQVW| UCM

formul ati ons ed h aJ / | ne.
Lo 127, 125 B SR EORAARGRe Bl o0y AR e AIRRREGE ",
+UL/ ~85~2 - 2¥T SdSﬂJét/(’rs‘l&@)t antl pdlymdribechhidatiction (PORNARDAbd dhainiesdidns. RNA
in cells in both fornul ati ons 141 and 149 appears to be stable at 4 C

f1 8r8 /f ou:‘j \Ggak@cai)« selsstainedisequenceireplication (3FR)prusdgic aeid sequeneesbasesom 141

% an 14 1 HC
Il RNA assay %{18]6&%1 Opﬁlgignlﬁag)a?ﬁr%?isdé%é?ce& %fﬂ "ﬂgq%?ﬁn@biﬁég q@‘?(l)lgig%éd gt 4
C. Week 1VeekwRNépkrepliVBaBEkémReyE MhdhNhRag) (199 1)s Landekreh! (¥993))i gi nal

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
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



signal SI N% ori gi nal

signal 1411074. 5102996113710611641081491243.517861441843148110389 I n

addi ti on,weanp$ds stored in PreservCyt and CytoRi ch were @cafisaedioatcor di ng
to the protocols of this exanple. Both the PreservCyt and CytoRich nedi a
were found to be deficient in their abili to provide RNA for satisfactory
anal ysis. Publications cited herein and é'materi al for which they are
cited are specifica

l.I'y incorporated by. reference, .Tho illedn the art
W1 ecognt ZEYEIe B uBiL ey Son SRS T WA SO R Lot
experi nentati gg, b@?&%e&&iﬂov&lt&gélﬁ Iyt SBmoRE K sld 6t LrveRd PrebY. safdr t he
I nvention described herein. Such equivalents "are intended to be enconpassed

-té_y I( he foll ovdnngbatir?air,]hiptinylamIINAQm@swe RidegREMCEVCTTheIOIA- LN A9 1

I rkennmeyer &~ Ml J., llirol. th. ., 35.117-12 99 Ch ff
al. J. dini f@{b Sé’?%\é?{‘ﬁ%fﬁﬁi %?k%%‘%d?ﬁ%ﬁ%%%‘sf%%k s?ﬁbé"é‘ﬁ‘)‘ gated, "y o
*M crobi ol . 35&1%1’681%?:%? AZeatink bASsphatasd-tsifuBitePdntibodies td RNN:DN@@G)@A‘M@%T@%Z

u
(1991) Deneret et al., J. Virol. b8(1 ) 7075-7082 (1994) Durst et al.,
Gen. Virol. 66dde816eddowel] o6 hybrdiration microplate and sighals gefegeng@sd-t3o97

1995) Land , T ds Ge ' , 9(6):199- 93 [ it z. .
Gynoonl - onconidiis SRndutsespsagsnt PGP E TS Kb ERRR D ropinS to &
29(7) : 545- 5544 430A). MuNigRll valk read-froth BR! michifidte. FRé f0lutldiPbabd® DNIA Artalysis

Mat sukura et al., Virology |72(1):63- 7;@3198 ) Nuovo, PCR In Situ
Hybri di zat i onwaPpeformdsimilarlyjsthe 8NA analysigegepidhat themicropiseplatastwarav en

o 0 e 652

probes.

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 (nRNA 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



Stofl et et al. Science 239:491-494 (1988) Swan et al. J. din. Mcrobiol.
35(4):886-891 (1997) Turek, Adv Virus Res. 44:305-356 (1994) Ushi kai et

al ., J. WO61/98838(1): 6655-6666 (1994) W czynski et al., WCTAISoty1091

166: 624- 267 (1988) Zehbe (1) et al. Am J. Pathol. 150(5): 1553-1561 (1997)
Zehbe (2) et al. Mdd. Pathol. 10(3):188-94¢1997) WO O1/985-t2 _ Z$ _ WE
CLAIM PCT/ USI') 1/-41091 1. A cell or tissue collection mediumor a universal
col l ection t m can
be anal yzed ect?mggeedb(@%ﬁ#&?ﬁ%%gf gghé gﬁ%@%&ggﬁ%@ﬂ%ﬁﬁ%ﬁ%@ n\/ﬁg?dejl n the
mol ecul ar rretdndctlam‘framednysxtlmrasmpmse;bs cembhmrtmmdxe cDiviled, qnakyt@i and

anal ysis or the anal SI S d wher EI n the nediumis

f an
-wat er based &MiP¥4 OHT’?JT‘I&Q@F %‘F‘?‘(?é’ur%f’sﬁ WG SRECIRN JUIRRSE Computer
anti - degr adat, e 0 i
wherein the n#érgp l??;n{% c E)Str‘l1 g}l ? tmsg-lt %PS gmfvﬁc?qﬁérg%ﬁ btﬁﬁl%;ﬁ%ﬂnﬁgcﬂ oufer %u&)'t Bf Bk
“uni versal col menagemnnﬁdnmrqirogx’amsmThc usdfelnessroftsheh mpmguam am‘n@s&t mtbthea

vol une of | ess than about he uni yersal.cqllection mediumof claim
1 her el n ¢ HHR O AEBHEMERS 0BRSSt 1R OEORLE: ks FUMVemApHazss  The
uni versal collgGhy e'@%éﬁ%@&eﬁﬂ Bithe évem%s%egan{ehe ﬁéﬁﬁ:‘o failsl F8F tideON
medi um conpri ses a ‘buffer conponent, at |east one alco corrponent a

fixative conpeitktie discloged metbod cancbel ushd biz gemgrmmmsrmnmpﬂteaa, ot eamshte one of
the group consistin rotein.

nji Vver s coI ction
gl oo o) AP EOREIG SPeELPRRAR ORI MR me e dleV et o ORIt 1 o
within a pH r&@%cﬁse@ﬁ%odzh&dthﬁ% %@t?ﬂﬁalﬁzmg datd FiRntHhe \dfdchided BRtHACS! BYth.

medi um of cIa|m6 wherein the buff

EXAMPLES

The examples herein are meant to exemplify the various aspects of

carrying out the invention and are not intended to limit the invention in any way.
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

pH 4.1

Formulation 130

7% Butanol
0.05% NaN,



conponent has a buffering capacity within a pH range of about 3 to about S.
8. The universal collection nediumof claim?7, wherein the buffer conponent
has a bufwewnimgsizapacity within a pH range of about 3.5 t®CIHEM/MA4WIG. 9.
The uni versal collection nmediumof claimsS, wherein the al cohol conponent
conprises a Cl to C10 al cohol. 10. The un* ersal collection mediumof claim
9, wherein the al cohol conponent is selected fromthe group consisting of

met hanol , et hanol , | s WO 111 /985.12 -26 butanols, and
pent anol s. PCT/ U T e u I ectl on msdl um of claim
10, wherein the al cﬁl“z‘%‘iﬁﬁ fiS0 gll%‘gé Z{jﬁgm n- butanol . 12. The
uni versal col | ect ibhMPaPATRPAEl ai m 5 wherein the f| xative conprises a
-pol ymer sel ect ed fpibA’t he group consisting of polyethyl ene glycol) and
pol yet hyl ene oxide). 13. The universal collection nmediumof claim 12,
wher ei n the fHofmulavienil34a pol yet hyl ene glycol ). 14. The universal
-col l ection nmedium of claim 13, wherein the polyethylene glycol) has a
nol ecul ar wei ght qfreM@ﬁél(\cﬁtg@mor&QQn@nd about 4600. 15. The uni versal
collection nediu if gﬁmré&mCMBpl n the polyethylene glycol) has a
nmol ecul ar wei ght W%ogggﬁh t Fl‘g@gmg[’gsvgg@gks £ dcec%';&@ medi um of

0 |

claimb5, wherein radation of at
group consi Stll‘onrgmu?atloRl}lAS DNA and prot ein

east one of the

CytoRich™ (AutoCyte Corporation)
Contains less than 24% alcohol
Storage 15 °C - 30°C

Formulation 141

20% Ethanol

0.05% NaN,

5mM 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

pH4.4

Formulation 167

9% Butanol

0.05% NaN,

5mM EDTA

2% PEG-1500

10 mM NaOAc-HOAc
pH 4.5



conprises at |east one agent selected fromthe group consisting of a

nucl ease inhibitor, a protease inhibitor and a chelating agent. 17. The

uni ver salw@olpgdt i on nedi um of cl aim 16, wherein the agentPCTa/SOnikioB1 t
degradation of at |east one of the group consisting of RNA, DNA and protein
conprises a chelating agent. 18. The uniyg§sal collection mediumof claim
17, wherein the chelating agent is selected fromthe group consisting of

mur exi de, chronotropic ' }é :
1- hydr oxy- 2- napt ht hyl a

EDTA (et hyl enedi ani net i Ld). 0 . i i 19.
The. uni ver sal col T eoti ol iearLin apoif s TBNRAR htrel AnRE chhalbgr
.conpri ses EDT&&&&@HIWA&? memﬁéxﬁ&%ridocmmmlmst,/&emtﬁed% o

perform ng nnré{)hol og}lyca_l ~and_bi ocheni cal anal ysis on a cell or tissue,
}M‘IEI’EI n the Y HE$3boripweese sBrieflxadpligwiog dysip S0 pry of proke mik gcainiag SNA | ssues
‘froma patient.;..PCT/ < ' I ' '

water - baged: nUBTHERRE el Mg A GIEN AN, TGRS Bhich g HEubdieda 65

ant i - degr adati@foradEhdurs rtgbtibizatitiioystony Afte hybrigizeliegyamples werecel | s or
ti ssue preserved in the nedium and directly analyzing either RNA or DNA or
protei n cont airansteried to pstrepavidinenoatefl sicropiste: ad ¢é #Lj of antyhad puihody vasp

SR ella%%gi itc? Cac v%lf Ceoﬂgtrei@zlsr}%it%(tj & 1100 Iﬂsﬁ?ﬁoﬁ"\ﬁiﬂ&r, 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_lescent 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 in UCM 127, 128,
141, 130, 149 and in two commercially available fixatives PreservCyt (Cytyc Corp.)
and CytoRich (AutoCyte). The samples were then stéred 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 pl 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 cells.



agent, a buffer, a fixative and an agent capable of inhibiting the
degradation of at |east one of the group consisting of RNA, DNA and
protein. waor/ss4article of manufacture for preserving a c@Cir/Esanploet of
limted cell nunber conprising: a container holding less than 2 m of the
medi um according to claim2l; and a lid fi,ating said container. 23. The
article of manufacture of claim 22, furthér conprising a cell collecting

devi ce havi | d ey ] i stal f the el
revber has. 2 TR =hOBeBbe PR S iU PuBafhipcth S 10hnt IFpRipleg S
manuf act ur e ofyeRIHRoAbrol SMFRCR kdinplB Svad is?ﬁﬁhtoem t@bestdnd phdced dEREGnABIDEC. i S

a brush. 25. A nethod of cell sanple collection that allows detection of
-cel | nor phol ogyftearl@ hguesr(baseling)y t0 dayslapd ithree vegks ofestarager skkdasfware pregargd p

consi sting of . . r.ot.ein f.rom a.singl e s le, said me
conpr i 51 ng. coteepr W oRpRR bR, A (e 3% R SalfledPrme
‘limted in sigRpholddy sheys etll gisp@sios AellShape, hiicledfdhpa coaflifipAferh@ng! ai m
21; renoving an aliquot of cells in the nediumfox cell mnorphol osgy
anal ysi s; andstainiggdntensity,agclgar/cyseplasaryatiospresgnce ebouclediysyioplpsm ssepsoang
al i quot of cells.in the medi ym for antj tatiye, anal-ysis. sel ect from
t he group con%tfﬂﬂrfgrﬁftl%rf DNA P%'fi?sli'?‘f g%l\mh%?nraf’? Ioo,gyﬁf gfagﬁhceﬁﬁaﬁoge i'? and
c?r bogydr ate aﬂfﬁll-éh% UCM28d id PRséRTHOshdAlyteRhrioRRels WhREEART iR 1281olfs, 31 €
stored in a sanple

wggks 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 I1 HPV DNA Assay Results

UCM formulations 127, 128, 130 and the STM™ (Digene) control were
tested using the Hybrid Capture II HPV DNA Test. A standard HC II HPV Test kit



of less than 10 m . 27. The nethod of claim 25, wherein the cells are
stored in a sanple of less than about 5 m. 28. The nethod of claim 25,

wherei n tweocedshs are stored in a sanple of |ess than abo®CTASH/A109A A A3! &
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(Digene catalog number 5101-1096) was used. Each collection medium (1 mL) was
spiked with 0.8 x 108 CaSki cells (~500 copies/cell). This concentration of CaSki cells
was chosen because an adequate clinical specimen usually contains about 1 x 10° cells.
The same stock of CaSki cells was then used for morphology study and DNA and
RNA testing. A standard volume of 50 ul 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 I1 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.

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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2(10% (& () OGloO ] -rf/ 10%€ & ()- 9L- llf)co%ﬁfa()ah%z %Afa&? éﬁd13§&were
10% & () - 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
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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.

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.
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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 alcohol

component is selected from the group consisting of methanol, ethanol, propanols,
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butanols, and pentanols.

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

alcohol component comprises ethanol or n-butanol.

12.  The universal collection medium of claim 5, wherein the
fixative comprises a polymer selected from the group consisting of poly(ethylene

giycol) and poly(ethylene oxide).

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

fixative is a poly(ethylene glycol).

14.  The universal collection medium of claim 13, wherein the

poly(ethylene glycol) has a molecular weight of between about 600 and about 4600.

15. The universal collection medium of claim 14, wherein the

poly(ethylene glycol) has a molecular weight of about 1500.

16.  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.

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

comprises a chelating agent.

18.  The universal collection medium of claim 17, 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.

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

chelating agent comprises EDTA (ethylenediaminetetraacetic acid).

20. A method of performing morphological and biochemical

analysis on a cell or tissue, wherein the method comprises:
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25. A method of cell sample collection that allows detection of cell
morphology and quantitative analysis 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 wherein the cell sample is limited in size;

storing collected cells in the medium acco’rding to claim 21;

removing an aliquot of cells in the medium for cell morphology

analysis; and
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28.  The method of claim 25, wherein the cells are stored in a sample

of less than about 2 ml.



