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20 colorectal tumours prior to the advanced stages of the disease would

greatly increase the chances of successful surgical intervention and overall

survival rates.

In the absence of early, readily identifiable clinical indications, the search
25 for éuitable CRC screening methods has continued for decades.
Unfortunately, there is presently no CRC screening technique that
combines low invasiveness, simplicity and low cost with high sensitivity
and specificity. = Two methods of screening for CRC are flexible
colonoscopy/sigmoidoscopy and faecal occult blood testing (FOBT)
30 [Rennert, G. Recent Results Cancer Res. 2003; 163: 248-253, Atkin, W.
Scand. J. Gastroenterol. (Suppl.) 2003; 237: 13-16, Walsh, J. M. and



Scand. J . Gastroenterol. (Suppl.) 2003; 237: 13-16,

Walsh, J . M andTerdiman, J . P. JAMA 2003; 289:
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20  Cytological analysis of colonocytes obtained from colonic or rectal
washings (i.e. by irrigation of the colorectal mucosa) was carried out
approximately 50 years ago [Bader, G. M. and Papanicolau, G. N. Cancer
1952; 5: 307-14]. This work showed that morphologically distinct
exfoliated neoplastic cells could be detected in CRC patients. However,

25 the method of obtaining these samples (an invasive colonic lavage
procedure) suffered from the same disadvantages as
sigmoidoscopy/colonoscopy, and required detailed cytological analysis of

the sample once obtained.

30 The prevailing approach to obtaining samples of exfoliated epithelial cells

has been to isolate them from human faeces. Human faeces were



has been to isolate them from human faeces. Human
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ol B6Wkaér, MBE(RIeS the lack of practical advances by P.P. Nair and his
20  colleagues, the use of human stool for diagnostic and research purposes
remains an active research area as it is not associated with any invasive
intervention. A number of groups have undertaken attempts to isolate
colonocyte-derived genetic material (DNA) from human stool samples in
order to develop diagnostic procedures employing molecular biomarkers

25 of malignancy. Whilst DNA directly isolated from homogenized faeces
can be amplified and analysed for the presence of cancer-associated
genetic alterations, the absence of a highly reliable single molecular
biomarker for cancer resulted in the use of multiple molecular markers
reflecting a number of genetic alterations known to be present in

30 malignant cells at relatively high frequencies. Several approaches

proposing simultaneous detection of multiple mutations in the APC, K-ras



reflecting a nunber of genetic alterations known to be
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20  human colon.

The development of approaches based upon exfoliated colonocyte isolation
has been slow partially due to a surprising lack of knowledge on cell
exfoliation in the gut both in normal physiological conditions and in
25 disease. The current views on colonocyte exfoliation are still affected by
an old and unproven hypothesis implying “obligatory” exfoliation of
nearly all differentiated colonocytes upon their migration to the luminal
epithelium from the colonic crypts (i.e. it is presumed that there should be
millions of colonocytes present in faecal matter because the cell
30  proliferation rate of colonic epithelium is high and all cells are eventually

exfoliated). It is, however, becoming clear that programmed cell death or
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20  chances of malignant cell shedding from the surface of growing tumours.
If this is the case, exfoliated tumour cells, some of which can probably
retain proliferative potential, should differ from their normal (non-
tumour) exfoliated counterparts in: i) being more abundant due to
facilitated exfoliation from the tumour surface; and ii) having much

25  greater “survival” capacity, in particular due to higher resistance to the
lack of oxygen [Graeber, T. G. et al., Nature 1996; 379: 88-91]. Upon
exfoliation, these cells enter a relatively well oxygenated “mucocellular
layer” that separates the colonic mucosa from the faecal contents of the
gut and permanently moves distally with the flow of faeces [Ahlquist, D.

30 A. etal.(supra)].
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g?%ﬁr %]:)nﬁja}&f to %BRHI 5}}18{31,1&&{1&_5 O[ﬂ%il Blf?tho% h%Ve Glso reported
higher amounts of either exfoliated cells [Dutta, S. K. et al.,
20  Gastroenterology 1995; 108 (Suppl.): A463] or DNA [Villa, E. et al.,
Gastroenterology 1996; 110: 1346-1353] in dispersed or homogenized
stool samples obtained from CRC patients, however the differences
between healthy people and cancer patients observed in those studies were
not large enough to be considered diagnostically valid. By contrast,
25 Loktionov et al (supra) were able to show the existence of a striking
difference between CRC patients and healthy individuals employing a
calculated index relating to the amount of DNA extracted from cells
isolated from the stool surface to stool weight (stool DNA index or
SDNAI).
30
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pr eﬁr%%%%l}(fj fdu%i t%h!gyeatcl%sinsc‘fganstednf)arleis%c%n})f highly resistant malignant
colonocytes. Therefore in CRC patients’ tumour cells, which are much
20 better adapted to autonomous existence, should quantitatively dominate
rectal exfoliated cell pool. Several recent reports describing distal (e.g.
anal) implantation of persisting exfoliated cells from removed colorectal
tumours [Jenner, D. C. et al., Dis. Colon Rectum 1998; 41: 1432-1434,
Wind, P. et al., Dis. Colon Rectum 1998; 41: 1432-1434, Isbister, W. H.
25 Dig. Surg. 2000; 17: 81-83, Hyman, N. and Kida, M. Dis. Colon Rectum
2003; 46: 835-836, Abbasakoor, F. et al., Ann. R. Coll. Surg. Engl.
2004; 86: 38-39] strongly corroborate this hypothesis.

Direct access to the rectal mucosa is possible by routine digital rectal
30 examination with an examiner’s gloved finger. However, although one can

achieve a contact with the rectal mucocellular layer by employing this
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fromthe rectum_ Such cells could be used not only for
quafisessed; ipanurehisigehemigalynand, sywlogigellyy so

15'Dnvesti gated for the presence of additional cancer

iomarkers (e.g. proteins) and finally assessed

| MEUMMARYhOF THE YNVENTYON ogi cal | y. SUMVARY OF
THE I'NVENTI ON According to a first aspect of the
i nVAREPISHNE o 8 Brt Aspedeidde mvenlionethese is provided a colorectal

cell sampling device comprising:

a colorectal insertion member having a distal, insertion end, a
20  proximal end and a closable interior cavity;

a flexible membrane having an outer, cell sampling surface and an
inner surface, wherein said membrane is sealingly attached to the distal,
insertion end of said insertion member and held within the interior cavity;

such that, in use, pressurisation of the interior cavity to at least a

25  first elevated pressure causes the membrane to emit from the distal end of
said insertion member to make contact with the colorectal mucosal surface
and pressurisation of the interior cavity to a second reduced pressure
causes the membrane to invert and return to the interior cavity of said

insertion member.

30



cell sanpling device conprising: a colorectal
i nsertion nenber having a distal, insertion end, a
w@emxionak7 end and a closable interior cavity; BCT/GB2005/002641

fl exi bl e menbrane having an outer, cell sanpling

surface and an inner surface, wherein said nenbrane is

sealingly attached to the distd&l, insertion end of

said insertion menber and held within the interior )

cavihky degigetpveneemes thedidficphtiesswithghigitelnsaspplimg by holding the
intgri.or cavi to_al, .least.a first el evated, pressure.

ca BBl dbhrsh i R ifebtiff SR LFSaRREoRbAion and

sai @ithasaidli 06 fRIDEeré OishRle neABtaACtio¥d tdhd RBe sample is not

colorectal nucosal surface and pressurisation of the

i nteqriteningded by cetlsfremcuher pedacssd(eps ethsusguagmus epithelium).
he nmenbrane to invert and return to the interior

cavity of said insertion nenber. The devi ce overcones

t heggli Hmﬂ%r%'@% Widddssli Guike S@FREING thy #lidd NGvdrBOmes the

flexible menbrane within the insertion nenber both on

i nsdifficdticandsodiatedrwithl wheletsteo! savepléing sncludimgt ¢hé ahpleasant

| oss and the sanple. s,not contam.nate cell.s o] .

ot ri g, of aBe o PR e 1V o TRnREHER: Eharile praibapfe” e nigh
sanpkERg offhﬁoﬂﬂdﬁﬁﬁﬁliorﬁ'%ftﬁcea&al _eﬁ%‘[tﬁr (elaﬁeéiﬁl\l CBacteria), and
overcones the difficulties associated wth whol e st ool

10s angipeaiglliyrrobthaidrgranddrdinatiph ehiEfaguitinairelatedofo suvd pwobkgms, for
the | ow.concentratian of celfs obtginablg t he hi gh
| evEIAR)E: BB AR RIS OLGPR! Fi48Rar GoRSISE Yespeci al | y
bacteria), and especially nmethod standardi zation
difficulties related to such problens, for exanple,
gr eAtthoagh dh¢ |devyceofs snowivesi zeisafia eondngasne than the devices
Althouaglthe gfvice IS invasive, it is far Ie§f .
i VLTI A d: AT qe/PRRYOPYI T EMPIdPsGaRY, fad does not require

1500|6’§Bi’_§ﬁ81ﬁ’3ﬂy3£ %[EH:!&P%&’@thI NaiAe8 SogaPhiok ahE Qlevice may even
operation by a skilled and highly trained operator.

Thebalssli-a@dmimistavdn The rediifedabhiveho$ ievasiventhe ané do ebsence of
l'ication

| evel of invasjyenes nd the absence of co
| ol erok S Bkt IR ERer Gl oRh BESAI . These
Thezﬁf‘vantages should in turn allow for more sampling to be carried out, and

at a lower cost.

20
In a preferred embodiment of the invention, the flexible membrane is
expandable and is constructed from an elastic material. More preferably,
the flexible membrane is constructed from a nitrile, latex or rubber based
substance.

25

In a preferred embodiment of the invention, the closable interior cavity of

the insertion member is closed.

In a preferred embodiment of the invention, the cell sampling device
30 further comprises means for pressurisation of the interior cavity, wherein

said means are attached to the proximal end of the insertion member.



advant ages should in turn allow for nore sanpling to

be carried out, and at a lower cost. In a preferred
wepdvetdzent of the invention, the flexible menmtEHGEB82008/002641

expandabl e and is constructed froman elastic

material. More preferably, the flexible nenbrane is

constructed froma nitrile, |atiex or rubber based

substance. In a preferred enbodi nent of the invention,

t hePedfosaly e samd emieans ctori tpyessurishdon nefrtheonnteeitoecavity are

Is closed. In a preferyed enbodinment of tfhe invention,

t hea%%‘fﬁﬁe%sté’nﬂ’lei ?fgf a%‘ypjéﬂg f‘ﬁ?’ treF achifpricsése rréa?ﬁgfrjffe&fmg valve)
Pr epadibhBat inRMprokith MCedd bE O nsEAYd Ynerhg! €1 N sai d

nmeans are attached to the proxinmal end of the

i nsertion nmenber. Preferably, said neans for

f L thi gvﬁl S %%F%at&g\? Fliagt &Eeiag{g aﬁ%}%%y}(rgg %{r?stggci%%h 8 tﬁg interior
sel i : e . i . e . .
oL ErBRALAOSUAS) NSRBI SR ROy TRRGER 0k LB i

means ghor topthesexibkatriearbrefie t Reeferdbdy | tie mawnd Jompaessurisation
co i.se.any nmeans suitable for applying a fluid (e.aq.
T Bt (Ao INLEHE CRYLY FEMATESE BISRUFASHbY SHBPTeSsed @itat 5yringe or a
the,gBgng.§.0buIBy €ssuri sation of the interior cavity
conBri e a source of conpressed air, a syringe or a

1urmp (e.g. bulb) . Preferably, the neans for

ressurisatiqon of the interior cavity cqonprise a, .
gou?E"ge@?’?&omﬁ Eeansy far Prevsreinaienefithe dnterigsceayiiyc gpmprise a

devj el . i : @- i . i
o555 BB AL RS PR ETLAY bt o
pr edslivering atgre-dedidedsquapltity @ f defirsiceleFited protxae madta second

has the advantage of accurately regulating the
pre gd i pres e tiethen sel t sagplimendeyicgn dl i eembodiment has the

c ' Vi t t ing. r.a-used . .
R N
cel mesdrp| amp thke \hedtinidddr device fhak adbleyad tdneage @ sbdifg re-used

pressurisation_of the interior cavity . o
with an indefinite number of disposable colorectal cell sampling devices.

More preferably, the means for pressurisation of the interior cavity
20 comprise a syringe. The use of a syringe, allows for both simple
operation, and for a fixed volume of air to be pumped into the flexible
membrane (preferably at least a ten fold increase in the volume of air
present in the flexible membrane). For example, in an embodiment of the
invention where a 100ml syringe is attached at the proximal end of the
25 insertion member, the plunger of said syringe could initially be set at the
70-90ml mark. A pre-defined quantity of a first elevated pressure could
therefore be applied by pushing the plunger to its maximum extent (e.g. to
the Oml mark) which would fill the flexible membrane with an air volume
of 70-90ml. A pre-defined quantity of a second reduced pressure could
30  then subsequently be applied by pulling the plunger of the syringe back to

its maximum extent (e.g. to the 100ml mark) which would draw the



conprise a syringe. The use of a syringe, allows for

both sinple operation, and for a fixed volune of air
wo eoobeoyunped into the flexible menbrane (prefRPCHBBY0EN02641

| east a ten fold increase in the volune of air present

in the flexible nenbrane). For exanple, in an

enbodi nent of the invention whege a 100m syringe is

attached at the proximl end of the insertion menber,

t hempinbnger irab thaiidtesior cayétycofiklee insettion nyenbeersdh @apreferred

the 70-90m rk. A pre-defined quantity of a first .

el eV8re n}ﬁ“é@u‘&‘@ YRR nEhe FBHESH VAP heegupplied with one or

pushi . to Lt ' e "

O R £ OB OEE O k) FofR I TP E bk B plfhek ositions
an &fi rthy ofyriregeofat 78a@0rstageA duringdaisenéel gqueud i positdén aprior to
second reduced pressure could then subsequently be
5app‘|nis%‘i§1°6’y Felli FlPﬂ@gtlﬁéer;B‘loﬂn@‘& oge afts %’Wﬂf?@’éﬂlﬁaaﬁet%ﬂvantage
vvou(l)d gr aw tﬁ)éftrorg:lﬁorre ésﬁxg%aﬁ{og {’Qghﬁlg erlloglraé a@lt\y}l\p%/ﬁlgfatsﬁémge 18
| nsihiat i the oelvbedtal |dellb sangiligr edvisebeckiyvese adbpidde to fit onto
invention, the syringe would be supplied with one or
or omeakt ApHl RN dsposable laharrtore and Basnitalqyipmeent.

t he plunger positions of the syringe at each stage
during use (e.g. one position prior to insertion, one

10durlinng prefeerdd embadidn@neofafhieinvendihglr asedurfacth@rea of the outer,
advant age of the nmeans for pressurisation of the )
i nteall oparepling y suefiapg &fs\paichgélexible hapembeangol igr gepegducibly

cel éon% bilé].gllgxg% ieaqgmxgsaﬁop ) aﬁ%%)& %glr{{):l%ef %ngeaopcg gnés brought into

commonl y avali I'sposable T"aboratory a

hos@idiadt et prRNtcoldrecaal PhRicekileduefieedbemipt saipléE thereby
invention, the surface area of the outer, cell
sanploviding u# faetilGeblesgadlaction of exipdisprchgells svhich is correlated

epraduci bly controllahle. This allows faor a fjxed
15, VA e dmBER asr BlloRe Wiy ossniher when cplptéal mucosa.
col pregeitadly MueosikaceUsdeacie pitRdlcsiapp!ipd ,méiiﬁri%?é’})ressurisation
providing a quantifiable collection of exfoliate
cel ¢fsthghingerips cawity e [Taiedllavs Hor He figed uswrfapeeareattoope brought
e col

e RHERRE. S B FRLE e THE e o (e
pressurisation
20 In a preferred embodiment of the invention, the insertion member is
adapted to engage with a rectal access tube. This embodiment has the
advantage of allowing a rectal access tube and an obturator, such as an
olive shaped obturator (a conjoined rectal access tube and obturator is
commonly known as a proctoscope) to be inserted first to open the rectal
25 cavity followed by withdrawal of the obturator prior to insertion of the
sampling device of the invention. The sampling device could then remain
held in position with the rectal access tube for whatever period of time
was required to obtain a sample. The obturator would then be replaced
once the sampling device is removed and the obturator and rectal access

30 tube would be withdrawn together.



of the interior cavity. This allows for a fixed

surface area to be brought into contact with the
wornwoesad44sur f ace bei ng sanpl ed. I n a preferredPCT/GB2005/002641

enbodi nent of the invention, the insertion nenber is

adapted to engage with a rectal access tube. This

enbodi nent has the advantage of2all owi ng a rectal

access tube and an obturator, such as an olive shaped

obt Inr at pref@are&lonjrﬂioﬂérdemec)tfatheammﬁidnubﬂlealildsertion member is

obtur?tor IS conrmnl¥fn nown as roctoscg 5% to bg ) .

i NS ETRS (ot AW s SREN Ol el §mPBHimaeRlg (g insertion

Wit BERAOR! isOlinddiRaOBLUALOTWRAT & rdcRall BSEL! B fanldNeherefore

sanpl 1 ng devi ce of I nvent1 on. e sanpling device

cowlimtiraees rtheraieed hfdrd an nolpasatbr o(le gvl the tiheertieat alember has a

ccess b r .what ever od of nme was required
Qﬁﬁ &is @i SR 1ighy JM Smkpskimgnt PEpviges the advantage

pﬂh%‘r‘eiﬂe %ﬁ%ﬁ;l dSGHIR! N eh JEN i oS ”Bé/ es‘élfaﬂcﬂnﬁﬁ&ered for

bturator a ctal access tube wou be wi th
t ogetdneple] pademised Al becbasith bl erentsamipld befolmlahtcehm from their
the insertion nmenber, is configured to al
sel fectalsgricPeh. Innthis cambedigtelbdilhest emfl%qun%%tt thn insertion

glagﬁlglels hﬁst%[:{a? detag ethB? aré"ﬁﬁs@r@firﬁﬁf Alm eﬁﬁé@eand only

refore elimnates the need tor an o ura

HXe.gqmtmedm@Sﬁnéananenber has a rounded di stal
insertion end). This enbodi nent provides the advant age
that the sanpling device of the invention may be

s

recd aécdpttwl)é avhelnrhdlbiveitieinbbdiif®pior ddvifySofesnill sageton member,
that the insertion nmenber and rectal access tube are
i nsBichethas fiuidemayebe taégé@hé"rmsaﬁalbﬂﬂlyle@wérta@ewvepfeﬁn would
Je : f r di
”ﬁ?’(ﬁir fo kr}eg ol ngrg nﬂée ?%cfégf)oaltﬁgaerg Imé% ﬁg g sample has

vvl tihden Ubfamékl ewitBbu aue t yeedl t6airdnéfies el @ﬁlmffﬁn‘asra separate
such that fluid may be added. This enbodi nent of the

i nvkesepiealendherebal losingt wme ebgemmatersalfeordidesample he
sanpling device after a sanple has

In a preferred embodiment of the invention, the interior cavity of the

20  insertion member is provided with adhesion means. This embodiment of
the invention has the effect of drawing the flexible membrane towards the
walls of the interior cavity of the insertion member once a sample has
been obtained and application of the second reduced pressure has drawn
the flexible membrane into the interior cavity of the insertion member.

25 This feature has the advantage of providing a stable receptacle when filled
with liquid.

In a preferred embodiment of the invention, the insertion member is
adapted to engage with a sealing means to seal said receptacle. This would
30 allow the sampling device, containing the sample, to be stored and

transported prior to further analyses being carried out on the sample.



been obtai ned wi thout the need to transfer the sanple

to a separate receptacle, thereby |osing sone of the
woreaoendzh7 from t he sanple. In a preferred enmboRPCTEBR2006/002641

the invention, the interior cavity of the insertion

menber is provided wth adhesion neans. This

enbodi nent of the invention hak3the effect of draw ng

the flexible menbrane towards the walls of the

i ntRrefeypblyaviheyseglinghmepms iy i hneadedbedp-oActirgadeghpie has the

has been obtai ned a application of the second

FecREigR AL sP B IR REEA AR R afpusrl R e Remplg gna aiso

t heyliogWserdndbvad F9t ExriRér hi@yiigserti on menber. This

feature has the advantage of providing a stable

receptacle when filled with liquid. In a preferred

a8 Pon Bt R oar] AEmRBRRLd a0 BEPElpy noans for
I eGRBEAFsBtiod HISthWOAk&idH EQMtt, NGy ® JdUnis e AR¥EG DLy detachable

contai ning the sanple, to be stored and transportéd
pr ifoomt thef insdrdonameinyees Dk nlyasc she | aslyaotageont tdomverting the

sampl e . Preferably, the sealing neans ig.a threaded .
CapAmRIYE GEHEE LR OIS AR At UHCL JHRY i CRBVeniently
reCt%eCHs?Sh%dt QnBr e¥6Rid | @A QFhasRNBlRraREnlatP 84da9Wsyials for
renmoval for further analysis. I'n the enbodi nent
10whewubseruehe scelehingargakciings.devi ce conpri ses neans for
pressurisation of the interior cavity, said neans are
preferably detachable fromthe insertion member. This
hast N RAVANHREE o LInCRERIi DA NeherB8s @?&H'dbéi‘g lgi?\fbfl; €ollecting a

into a conpact assay vial which may be conveniently

t r avagpde t fedmand celaree] wntbosahnyurfddee of corfpacdn asbget, which

vials for subsequent screenihg reactions..In .a secon

asrfé’é‘ipr&ﬁest%é‘)]iog%tﬁ{ e ,Safrwéan% deyige a9 ieEiaed Herpin gpd a rectal

col [ I ectal nucosal surface
150fzggﬁﬁégﬁegﬁgﬁggysuﬁh?%L62%%%%?5es a col orectal cel

sanpling device as defined herein and a rectal access

tube and optionally an obturator.
The use g% a recta)f access tube provides both for more comfortable

8))

insertion of the sampling device, and prevents contact between the
sampling device and any surface other than the mucosal surface to be
20 sampled. The use of an obturator in addition to the rectal access tube,

may ease the discomfort of inserting the rectal access tube.

In a preferred embodiment of the invention, the kit may additionally
comprise a lubricant, such as a lubricating jelly (e.g. K-Y jelly). This has
25 the advantage of providing greater comfort during insertion of the

obturator or cell sampling device of the invention.

In a preferred embodiment of the invention, the obturator is disengaged
from the rectal access tube after insertion of the conjoined obturator and

30 rectal access tube into the rectal cavity.



The use of a rectal access tube provides both for nore

confortable insertion of the sanpling device, and
wWQEe@emod4g7 cont act between t he sanpling devi ce BCHGBROYS/002641

surface other than the nucosal surface to be sanpl ed.

The use of an obturator in addition to the rectal

access tube, nay ease the discoggfort of inserting the

rectal access tube. In a preferred enbodi ment of the

i nvbnta pn¢ferted kmbordayentddf tthenaivieytionyphe ddt afurther comprises

| ubri cant, such as . a lubrjcating jelly (e.g. K- ) i

j el F%P;m.g FHia8S haUChpas an\}hFﬁaélﬁa B‘er’pF%v?Itﬁﬂgﬁ &’ﬂéatﬂé‘? Insertion

conf@idbeguri Nng insertion of the obturator or cell

~sanpling device of the invention. In a preferred

enbodi nent of the invention, the obturator is

[ f he. t .tub I [ tior
i “h T06rb1ch OBt Sh o tieaveaLph T Eaerigp Comiapes one
t heof @gdrl re%%ghiksi}’-s ]?haasﬁﬁel‘;tﬁ%@drﬁmg' (Wls Bt pi¥fed RBows for the

i nvention, t further conprises sealing nmeans,
sucprepsraidhoetneshneplp, priar ®nfyagervinalysiqie i nserti on
menber. In a preferred enbodi nent of the invention
the kit further conprises one or nore reagents, such

as fh BYrbRirred BRpoEMO: & Y Irﬁfenﬁb*;?‘fﬁ%fbﬂffe} i}ﬁ% be present in

preparation of the sanple prior to further ana
10 n theptheéatededare tbgdi aseatblistert pecken\ esuichothat tsbeuting fike cap to

may _be_ present in the threaded cap (e.g. as a blister
pac Isegtian MRIPCE etelfashy g’ﬁegl’}%ﬁrt@%{’ H&ej Fecspiach (e.g. by

oA GRS 30 A 6, LERETAELS 48 s
pr esafiiceoof theelsdbid memisund peior ad futwef haxlybise

menbrane prior to further analysis . In a preferred
enbodi nent of the invention, the buffer is a

1€l {7 'aY?'kéfeﬂléhf Erpdh] thﬂf th@ein%@}{ﬂphf"Qﬁe b uBLOY H Wi11ysis
a key step prior to extraction. I'n an

al tieuffiert imdetly hsefter addargapo difnprividingt hekdyn gt ipgidr to DNA
the buffer is a cell-preserving medi umwhi ch has the
advaitaggionefingn alipppgtively preferred embodiment of the invention, the

buffer is a cell-preserving medium which has the advantage of allowing
enhanced cytological, biochemical and immunohistochemical analyses on
20  the resultant cell sample. Prefe;ably, the cell-preserving medium is
supplemented with one or more cell culture components (e.g. nutrients

and antibiotics).

It will be further appreciated by the person skilled in the art that any of
25 the devices or kits previously described are suitable for sampling
exfoliated epithelial tissue (e.g. colonocytes) from the surface of human

colorectal mucosa.

In a third aspect of the invention there is provided a method of

30 quantitative sampling of exfoliated cells from a colorectal mucosal surface



enhanced cytol ogi cal, biochem cal and
i mmunohi st ochem cal anal yses on the resultant cell
W@ 200ploes44Pr ef erabl y, the cell-preserving nmedi urCT/€B2005/002641
suppl enented with one or nore cell culture conponents
(e.g. nutrients and antibiotics). It will be further
appreci ated by the person skillgd in the art that any
of the devices or kits previously described are
sui ¢fablniar selgepl widhoek fcohtamiadtiepithéehingle tiyssargacting other
(e.@? col?nocytes ,tronLthe surface of human
col At aghs rifipg 4h¢ ftePd spect of the invention
there is [ : [ [ i .
ext ol 1 at 20 G £ pROIE WIS SIBPisUiEl fueaPR B Sympting
human suhjréate td hptoximoiyt ariibnalte egldreetad amptesabysurface to be
contacting other body surfaces conprising the steps
of © bri nﬁm’lﬁe‘é’ gfé’%@p{ ﬁ*gaka% PEIOT €8 tgylﬂg agy other body surface;
sequeste i a i Nt Q. I M k 4h
the col cyatpafia AETR! SmpHEL"FRAR' B RKL Tttt mucosal
maki ng pydréacec oudhaciatva tshmpiy iotdbesinbd dyosutieaaricosal surface;
contacting the cell sanmpling surface with the
col orect®#d mucosal surface such that a sanple is

obt ai ne I . : [ : .

campl | ngr e e g Te SHLEEY ApIE HRH Batlify with the
10mucosal sucdad esurfddeonithone tkegieqateerd cell | sangtig B@rface or

surface or sanple making contact with any other body

sur f ace. SaPHple TRYEIAS FOBHCHNPHE 8BY oflr hedy surépee. of

directly sanpling exfoliated cells froma nucosal

surface, and ensures that the sanple is not

conTrigi Matiesll RycoéMpassek | ths ar®} iskgpsneflisste ymekhpBng exfoliated

contact with other body surfaces. Contam nation is )

avotedled fp9ms aqueseasal nprfane, sand| epgpresr thag ethepqample is not

eque £in y..be fined.as isolating or s ing. .
155 TSR o7 Rl iR ph Mafing R0y other
comp@pt swtfaBed.h€onbdminatival is avoided by sequestering the sampling

on

surface, wherein sequestering may be defined as isolating or setting apart
the sampling surface prior to bringing it into contact with the colorectal
mucosal surface or after collecting cells from the colorectal mucosal

20  surface.

In a fourth aspect of the invention there is provided a method of sampling
exfoliated cells from a colorectal mucosal surface of a human subject,
comprising the steps of:

25 inserting a colorectal cell sampling device according to the invention
into the rectal cavity and bringing said device into proximity with a
colorectal mucosal surface without the outer, cell sampling surface of
the flexible membrane making prior contact with any other body

surface;



mucosal surface or after collecting cells fromthe
colorectal nucosal surface. In a fourth aspect of the

WO poenoi4en there is provided a nmet hod of sanpl PEGB2005/002641
exfoliated cells froma col orectal nmucosal surface of
a human subject, conprising the steps of: inserting a
colorectal cell sanpling deviceggaccording to the
invention into the rectal cavity and bringing said
devi ce prafsorpimx thd intensipt kaeity ob et dedshla fiugcodalated pressure so

surface w t hoyt he outer, cell sanpljng.surface_o ;

the fl éRfithe Fa s TRRIR IR GRS Bronk she Bistalye 05&@6 sampling
ot her bpdy.esurface; pressurising the interior cavity to
at |least a flrst el evated pressure so that the

f | exi blcenteenimpanie egdlosedtabmmubesali susflacenevitif ﬂhlae outer, cell
sanpl i ng devi ce; cont cting

t I
Ssur f acSAMPLRE: HETHG @ Sa@emerrﬂgﬁ%? .Sﬁéhe gﬁﬁnr %éémcﬁe $hjgfoliated
rrerrhr ARSI %b{ﬁﬁéd TR € Re&%f ﬂ{dcﬂgeﬁdsu‘f*ﬁi kS IS

obt ai n romthe co orectal micosal surface: appl yi ng

a secongplyddpcedequnessadiueed @réssare nd ehé dnteChri ctawus;mo that the
t hat the fI exi bl e, menbrane inverts and the sanp

pr esentiles hehén%rébrar@aﬁﬁwrﬁ@ i} 1 thee SaMPLY; areﬁfé%roahethe cell

returngah O fiesd P& b aﬁf‘ 13he ttjéﬁlrﬁ b, GRMBAG cavity of
g)(]:l e he c}ﬂ g n?r om

devi ce; movi ng sanpl'i'ng device

10pr oxi mthy ceiltsant JﬂﬁlgC@é\ﬁéé?,Cdr&i mucosal surface and
wi t hdrawi ng sai d device fromthe rectal cavity _ w thout
t he nedBREYESEhes eptbsempRE (e vieeniragt Pu@¥imitinyy ity thercolorectal

body S%u%)cs%l slﬂ“fa}% langg\%%tﬁﬁpd"f‘ﬁ' agaqg Je%ée tfnﬁn Ctﬁ}a rectal cavity

sarrpl I Nng device my ona Ire are

access W1@H@Jt9ﬂhbhﬁémbf@ﬁeoﬂ§amp@eﬁlhﬁfn tédta@with any other body
obturator. Thus, in a preferred enbodi nent of the
i nvent |S@ﬁfacﬁhe nmet hod additionally

15
It will be appreciated that the cell sampling device may additionally
require a rectal access tube either alone or together with an obturator.
Thus, in a preferred embodiment of the invention, the method additionally
20 comprises the steps of:
inserting a conjoined colorectal cell sampling device according to the
invention and a rectal access tube into the rectal cavity; and

removing said sampling device and sample from the rectal access

tube.
25
In a preferred embodiment of the invention, the method additionally
comprises the steps of:
inserting a conjoined rectal access tube and an obturator into the
rectal cavity;
30 withdrawing the obturator from the rectal access tube prior to

inserting a sampling device;



conprises the steps of: inserting a conjoined
colorectal cell sanpling device according to the

w0 poenoi4en and a rectal access tube into the rect/aB2005/002641
cavity; and renoving said sanpling device and sanple
fromthe rectal access tube. In a preferred enbodi nent
of the invention, the nethod agditionally conprises
the steps of: inserting a conjoined rectal access tube
and an rebtowizg die saxhplinhdevieetanld mawley; w t hdraw ng
t he obtur?tor fromthe rectal access tube prior to

i nser t iTRR2SIR S PRIYT ey Vi theetRsiA g ce et usndPfing
devi ce ﬁﬂﬂd&%ﬁﬁ%%}gg Lﬂﬁé@Qeéﬁ? a@péslérﬁbgran\ﬁ' ébltuli]gtor from the

rectal access t w t hdrawi ng the conj ol ned

rect al racmessvitybe and obturator fromthe rectal
cavity. In a fifth aspect of the invention there is
rovided a nmethod of sanpling exfoliated cells froma

col fr 8Gi@h a?ﬁ&&sé‘% tl‘ﬁa“fl{@?l'ﬁoﬁfth@ré1 Povitbi eaqnethod of sampling

conprising the steps I'nsert rectal access

t ubexfatidtedn celiid frahoa ctdlbmctatlerrmeoml surdndd wfvd duinken subject,
anal canal; WI t hdr aW| ng the obturator fromthe rectal
acc%§§P$ﬁ%@‘iPﬁ%%W%?ng a colorectal cell sanpling

devi ce ;geG) Qq’eétgl taggegsnt“%@tdnbnaﬁ %tb?lﬁrta@% flﬁStt’ﬁLﬁ, rectal cavity

CaVIt Vi a ?‘%e rectal access

MerX|bh&anE@bﬁamémﬁm the sanpling device naking
contact with any ot her body surf ace; pressur|5|ng t he
i nt eri ovithdramiye ithe abtyratestframs thegectall @paesduptessur e

SO 1 hatlfl%]&?lnfgl a%bf%r@ct‘%[?%@ﬁ%ﬂ&p‘ﬁﬂgt e it Ot dikY 3 Fhe invention

end of
into the rectal cavity via the rectal access tube, without the flexible

membrane of the sampling device making contact with any other
15 body surface;

pressurising the interior cavity to at least a first elevated pressure so

that the flexible membrane emits from the distal end of the sampling

device;

contacting the colorectal mucosal surface with the outer, cell
20 sampling surface of said membrane;

obtaining a sample of exfoliated cells from the colorectal mucosal

surface;

applying a second reduced pressure to the interior cavity so that the

flexible membrane inverts and the sample present on the cell
25 sampling surface of said membrane returns to the interior cavity of

the cell sampling device;

withdrawing the cell sampling device from the rectal cavity via the

rectal access tube, without the flexible membrane of the sampling

device contacting any body surface;

30 replacing the obturator via the rectal access tube; and



devi ce; contacting the colorectal nucosal surface wth

the outer, cell sanpling surface of said nenbrane;
wobiaisd4smy a sanpl e of exfoliated cells from tPEI/GB2005/002641

col orectal mucosal surface; applying a second reduced

pressure to the interior cavity so that the flexible

menbrane inverts and the sanpl ggpresent on the cell

sanpling surface of said nenbrane returns to the

i nt eri ovitkdramting ohe ré@ak etdess duipd mng odbewiate; from the rectum via

wi t hdra 'ng the cell sanpling device fromthe rectal

cavityté\n?ﬁ theanlct al access tube, without the

fl exi bl e menbrane of the sanpling device contacting

any body surface; replacing the obturator via the

r ecltavillabe epprdaaidred thadwhiledhawenigl takeesseirbal reamies mserted in

tube and obturator fromt rectumyia th nal canal .
3t Herteck WPred Mher ﬁ@f SpRPLins; fevipe f dfhefoygrdon may be

tu ' | t iin r It - fur I :
oPPUBTRLS S0l 568 S5, 61 Mhafth) Yy B P amptiog
I ntdeodere exlay bieointheducedt whichavbmprisesra esetiffylsss, buffer to allow

first cell sanpling deyice y be introduced which
congfifs extepcgign) ap ATGYIF 1618 + GUARIIGHOPROToRNY atampled cells.

an 1S . ti QM) . an .

SrorIBNEE® o Selbp il LA AT SfyBellas which
10 nteomprdss wheedhpoasepvdtias niedieml t@ratiosr \catilogicatdblovhemical

to al ] ow cyto] ogi cal, biochenm cal and

i miiKotnauBekisiachsmica Anpbysds of appypagpied eelltel Is. In

an alternative aspect of the invention, there is

provi ded a sanpling device for collecting a sanple

fr oim @n alicatdive Bgpéace thedaveation,tdhiere & pestiddd e adidpying

of a subject, conprising; a substantially cylindrjcal

boc@‘?"l% Hhclpeting %E,agﬁp]@af\rp{rya augogal surface located within a

15 rectal cavity of a subject, comprising:

a substantially cylindrical body, which has an open cavity at the

distal end and a closable cavity at the proximal end;

20 a flexible membrane held within the substantially cylindrical body
which forms a seal separating the open distal cavity from the
closable proximal cavity; the two surfaces of the membrane being

the proximal surface and the distal surface; and
25 means for inflation and deflation, wherein

the means for inflation can increase the internal fluid pressure of
the closable proximal cavity when closed causing the membrane to
evert from the distal end of the substantially cylindrical body until
30 the distal surface of the membrane contacts the mucosal surface to

be sampled; and



di stal end and a closable cavity at the proxi mal end;

a flexible nenbrane held within the substantially
w@iosnaeieTcal body which fornms a seal separati nECT/B82005/002641

open distal cavity fromthe cl osabl e proximal cavity;

the two surfaces of the nenbrane being the proximal

surface and the distal surfacejgand neans for

inflation and deflation, wherein the neans for

inflation can increase the internal fluid pressure of

the cl osabl e proxi mal. cavity en clos ausin
renbr andhg 6n"é\7‘ér prﬂ@ﬂﬁ%l?ﬂecaa.i%?aseﬁg 3?1115 rpéessuge 0P he closed
subst antﬂ lcyéa'v 9r | GakinBode uﬂxtehr{brtaﬁ‘@ & Sﬁl@lert so that the

surface o ane coftacts the nucosal surface
to be saﬁahbﬁhneamdtdié Wﬂmlalmsthkmubd&ﬁﬂtlallymyIMmmaednbdylsae‘ter the
the fluid pressure of the closed proxinal_ cavit

Scausi ng i8] AerBraAE tho memiyane bgs Fﬁ&%acﬁﬁjethﬁ%e%%% sugface to
hel d vmtg% J?? gqsubstantially cylindrical body after

the di st ace of the nenbrane has contacted the
mucosal surface to be sanpled. In a preferred

enbodi ment of the inventiaon, the deflatjon neans i

t helny | Rreferred erehasberent ot e W@nﬂﬁveﬁ]ﬂ‘? Sletingmeans is the
par‘;al l’f‘fus n%lz%(h ln? off e Hrfen Wt klhw Ht?cuﬁ@ﬁg_aﬁﬂgble for
e cC osa

he |n ernal pressure 1 n e pr oxi

lOCaViisteVWitﬁ 1 eRiseit mbabridtatvhend sheléndehealcpressure innth@ closable
preferred enbodj nent of the invention, the deflation
rredﬁ@x%qué@slstgr@a?yrth%éhfémelé‘?éhe1CéV1tt]ﬁe val ve. In
a second alternative aspect of the invention, there is
provi ded a nethod of sanpling exfoliated cel Is froma

MUgASApréfUfredGinbattiniedd ofithdinvenfion! €led dbfleavn nyeadk c®mprises
human subj ect, conprising the steps of: bringing a
sartbeissigingewosgeeied ¢p dhngalws-t he i nvention into

15prOX|mty with a nmucosal surface w thout the sanpling
menbr ane maki ng prior

In a second alternative aspect of the invention, there is provided a method
of sampling exfoliated cells from a mucosal surface located within the
rectal cavity of a human subject, comprising the steps of:

bringing a sampling device according to the invention into proximity

20 with a mucosal surface without the sampling membrane making prior
contact with any other body surface;
increasing the internal pressure of the closed proximal cavity so that
the flexible membrane everts from the distal end of the sampling
device;

25 contacting the mucosal surface with the distal surface of the
membrane such that a sample of exfoliated cells is obtained from the
mucosal surface;
decreasing the internal pressure of the closed proximal cavity so that
the flexible membrane inverts, and it and the sample are held within

30 the open distal cavity; and



contact with any other body surface; increasing the
internal pressure of the closed proximl cavity so

W bab/oodaa7 f | exi bl e menbrane everts fromthe di BCHGB206/002641

of the sanpling device; contacting the nucosal surface

with the distal surface of the nenbrane such that a

sanple of exfoliated cells is mpbtained fromthe

nmucosal surface; decreasing the internal pressure of

t he cl oemdvprpxheralevizyaty smplbafrottheréxiexiiyplveith the mucosal
menbr ane 'nvertﬁ, and it d the sanple are held .

wi thi n SEFECH SEHBARG N membrape S JABMRYS iEKIAR CuudFic¥ith any
and sar(g@lllfr 6mm%m ty with the nucosal surface

wi t hout the rane or sanple making contact with any

ot her body surface. In a preferred enbodi nent of the

i nvention, the nethqod conprises the steps of: ,

Sat tiAc Ai PRGTEITSS (reROdMmeab i Biss Ly eations e rmethad, gompriges the
inqﬁa£§+ﬂg the internal pressure of the cl osed

proximal cavity by opening the valve; or attaching a

Syri ngattaohinigea wadinoe @incompoaseas nirgtd thee vaiver nad increasing the
pressure of the closed proxinmal cavity by inserting

the pl dRigenal pressurg ofi e dasehBrRkImRhCaghy thyeopening the valve;
i nventign, the nethod conprises the steps of:

decreasing the internal pressure of the closed

10pr oxi maktachiigt ¥ sPyingpeani thg vdlee waklvimcredsimie cliee siengphl pressure
the internal pressure of the closed proxinmal cavity by

wi t hdr &Aithg clered girgriaal. cavityaby irseating dhe RB8®CRent ~ of

the invention, the nmethod conprises the

In a preferred embodiment of the invention, the method comprises the
steps of:

15 decreasing the internal pressure of the closed proximal cavity by
opening the valve; or

decreasing the internal pressure of the closed proximal cavity by

withdrawing the plunger.

20 In a preferred embodiment of the invention, the method comprises the
steps of:
adding a cell lysis buffer or cell preserving medium to the open
distal cavity of the sampling device; and

sealing the open distal cavity of the sampling device.

25

In a third alternative aspect of the invention, there is provided a method
of sampling exfoliated cells from a mucosal surface located within the
rectal cavity of a human subject, comprising the steps of:

inserting a rectal access tube and an obturator into the rectal cavity

30 via the anal canal;

withdrawing the obturator from the rectal access tube;



steps of: adding a cell lysis buffer or cell
preserving nmediumto the open distal cavity of the

W@ 200p/0033g7 devi ce; and seal i ng the open distal PeWGB06/002641
the sampling device. In a third alternative aspect of
the invention, there is provided a nmethod of sanpling
exfoliated cells froma nucosal] surface | ocated within
the rectal cavity of a human subject, conprising the
st eps diseriing ar $anmyglisg recical acaonting tbube iamentéom into the rectal
obturator into the rectal cavity v

. la th |, |
wi t hdr 81y Whhpiegtahtascess SR h@.hﬁ@k‘!"t gfpeagﬁl@é@?nﬁﬁw@,rane of
I nsertihg sﬁlﬁﬁﬁgld'e()ﬂ:edlﬁin \ cﬁﬁ'&ﬁtq’lfﬁ] ahg dihér b&g)egﬁlif%b;
a a upe,

into the rec cavity via“the recta cess t

W t houtcohmectingeticdaemptiaphdeviee 06 atrhearsafqrl inflgtidayi ce

maki ng_contact w th any other body surface; c,onqectlng

5t he saifireAynadhe daterpalapipssiye ‘?fo{hei cloped pspximal cavity“so that

I ncreag [ P u fbhg: clo .
pr oxi rrgl:léqg};let/%} 1)? %ﬂ@bet%@é&l Et%ngltggrrgls rla%g(peo\fetrhtes sampling
fromtlgeviest al end of the sanpling device; contacting

the rectal nmucosa with a fixed suyrface_area of the

sanpl i KgNEGHNECERe olcHIlnHEFos? sHil @ Jfixedir Yirfageedrea of the

cells f ; rface of rectal nucosa; decreasing
t he intsélglﬁgﬁlggsélz{;bggre of the closed proxinmal cavity so

10t hat t hetdihig Bl eamprdoinexfonesd sellanttoht thadsurfre of rectal
sanple are held within the open distal cavity;
wi t hdr #8%d9§at he sanpling device fromthe rectal cavity

L b e AR B 02 OB A gy o e
surf acghe flexible membrane inverts, and it and the sample are held within
the open distal cavity;

15 withdrawing the sampling device from the rectal cavity via the rectal
access tube, without the flexible membrane of the sampling device
contacting any body surface;
replacing the obturator via the rectal access tube;
withdrawing the rectal access tube and obturator from the rectal

20 cavity via the anal canal;
adding a cell lysis buffer or cell preserving medium to the open

distal cavity; and

sealing the open distal cavity of the sampling device.

25 In a fourth alternative aspect of the invention, there is provided a method
of screening and diagnosis for colorectal cancer which comprises any of
the methods set out above and further comprising recovering the collected
sample from the sampling device and performing an analysis on the
sample.

30



repl acing the obturator via the rectal access tube;
W t hdrawi ng the rectal access tube and obturator from
wo b@eweatal cavity via the anal canal; addi ng BCTY6BR005/002641
lysis buffer or cell preserving nmediumto the open
di stal cavity; and sealing the open distal cavity of
the sanpling device. In a fourgh alternative aspect of
the invention, there is provided a nethod of screening
andndi pgefesies drabodialent exftthke inapcton whecnapsipris sekected from

any of the nethods_set out ahove _and furiher e .
cory%NiAsi‘}@nFléaé&Per YAt Wétr@SPPQCf‘géo‘gﬁcﬁ‘p{’% 5 offtHiyation and
sa ' i n form i o . . .
LA, RS SLAC 008 AUBIRISRCEL shlBigion and
andiyshiemnical sstechdd thrisembid thaanhé taataracy diNAreening by any

extraction followed by its quantitation and opti on?l .
Smolafcipss mekedss el beyiaptoyed 1y Hip BtdHPRAf @ sample with low

in el e By t

th\fg? §%1hgcﬁ{a%(glﬁ? fg’é‘g‘“@? Qag@l r g]elﬁgirllg&g?tegﬁf}hg? (?fhgglclap?raet og[g)m the
Wi ldolhreciamigaosdl byrfadeb@ngwWagipted.of a sample with | ow

| evel s of contami nants and a high concentration of

‘cells taken fromthe col orectal nucosal surface being

Sarph e SRSERBIORTE PP B EURES The

100n1Phe Whidntiaf eFigN@ew Get des@tispBnywag of axangse ionly, with
whi ch: Figure 1 shows a_cross-sectional view of a cell
sarmeférageel & fheeagsomppaying dravigss iEiwue: 2 shows a
schematic representation of a cell sanpling device of
the invention wherein the neans for pressurisation

conpr i serigusy i Mekvs LicHdksesedtidNPBied 6€ Rt Jagnpling device of
representation of a cell sanpling
the invention.
15
Figure 2 shows a schematic representation of a cell sampling
device of the invention wherein the means for pressurisation

comprise a syringe.

20 Figure 3 shows a schematic representation of a cell sampling
device of the invention wherein the means for pressurisation

comprise a source of compressed air.

Figure 4 shows the components required for sampling exfoliated

25 cells from a colorectal mucosal surface of a human subject.

Figure 5 shows an example of a method of sampling exfoliated
cells from a colorectal mucosal surface of a human subject using
any of the devices shown in Figures 1-4.

30



device of the invention wherein the neans for
pressurisation conprise a source of conpressed air.
wOo-2@anes3447 shows the conmponents required for sam@l/GB05/002641
exfoliated cells froma col orectal nmucosal surface of
a human subject. Figure 5 shows an exanple of a nethod
of sanpling exfoliated cells fgpma col orectal nucosal
surface of a human subject using any of the devices
- shown i Fipupeireshdwd. i garaenfe stfowse amepmpsx avtptle rohy tiodlow the
steps which may foll ow_t he t hod depicted in Figure
5. DETAlQ@bOé)%QF@tﬁﬂrmﬁlaﬁe E IN\/ENF;I ON Descr | ptg i on
of cell sanpling enbodi nents The cell sanpling device
of Figure 1 is designed for insertion into a rectal
Ca\DEYAILUED GR$SCRIPOION O THEUNVENTIONY
cylindrical itnsertion menber 1 wth an interior cavity
53, Resssindion of gell sampling padodiggngnd 2 by a flexible
and.resi.lient.. rane [ S i{ngl .
o THECHL B HE R AR G s S Ry B tn SEBRIE @ reota
shQrityn Fh@udegicd conljgiseibsaneantidlly telmirdal ihgertiba
cavity 3, and is adapted to emt fromthe cavity 3
whenemher &awith pndntesiqyreaydivr 3 sel@sed ahihendistal (insrsheniqnd 2 by

nmore.detail in Ei.gure 2) . The rane,.4 -ha I

e PRy apd el freftprine PhePRlcs BRuM SR BREdnd e
10Fi gHEBDPAr il Sattthe disifeénd ol fRCHe fusitiow Rowhen MEpEfeanethe

emts is the outer surface, and an opposing surface 6

whimembranehé is beld wibin thencavity Beasd it prdaied de emipfiom the

whi ch. becones the inner. surface en _t he rane

e 1T SRR BF S < okt SR TRH Msant oy GROgR iy more

r uRRR4i1 BRIBSuRUDS TARCRenNrahd' 8 HIsAXEdBka@Pin34urtadd€ 5 which
cavity 3 is closed by a self-sealing valve 18, to

whiiofthe mestppasition skawndn Figures1 s itke athwptseeface, but when the
attac

15ms dﬂ%%g@%?@ggg?%g%g&%}i sggfatcg ’e arilcP \éIel rgpjpgginvg]s%rrﬁ{cré é rv]v%ich in

the rest position is the outer surface, but which becomes the inner surface
when the membrane emits. The membrane is made of nitrile, latex or a
rubber based substance. At the proximal end 34, the cavity 3 is closed by
a self-sealing valve 18, to which the pressurisation means 7 is adapted to

20  be attached.

The embodiment of the invention wherein the means for pressurisation of
the interior cavity 7 is an integrated syringe is shown in Figure 2 which
schematically also shows the steps necessary to sample exfoliated cells

25 from a colorectal mucosal surface of a human subject (Figure 2A-2D).

Figure 2A shows a representation of the cell sampling device prior to
insertion into a rectal cavity. The syringe 7 is attached to an insertion
member 1 substantially as described in Figure 1. The syringe has a
30 . plunger 23 which sealingly slides along a barrel 32 of the syringe 7 to

alter the volume within an inner chamber 33 of the syringe 7. The plunger



the interior cavity 7 is an integrated syringe is

shown in Figure 2 which schematically al so shows the
wGe@psongressary to sanple exfoliated cells freem/aB2005/002641
col orectal mucosal surface of a human subject (Figure
2A-2D). Figure 2A shows a representation of the cell
sanpling device prior to inserg4on into a rectal

cavity. The syringe 7 is attached to an insertion

merdierof 1theubptinge i7ali$ yehsudestbat Bddnli of Figus epresemMhwithin the
syri.n h a. pl unger 23 which sealingly slides alon

a AP erg{;‘% 8@8}%%;%% ge 7 to alter the volune )
within an i nner chanber 33 of the syringe 7. The

pl unger23 of the syringe 7 is set such that 70m of

ai rFigerer2ZB esiiows tai représentdimbent 3B ofelt ranplinghglevice once

Figure 2B.shows a repr.esentation of_ the cell .sanplin
e Ea h i, hERtt LRI oLAC PUBRAT Aondl L3° SYHAZHPehgaEn fully
23 ﬁgré&%d%ﬁi‘cﬁ%u@@t}ﬁeﬁ@xfwé |rﬂerﬁ_§19t}[nl%5§%§ iMh&Mo a volume of

causes the exi ble nmenbrane 4 to inflate to a vol une
of 7A0nml.. Thheinfldtédit fdekibleexdrhbramentdr them 4ndlesncomtikets with the

contact wi.th the col grectal nucosal surface of a human _.
sujodlesectalcRuchsal s A% Pb13 HHEYTG SHIECt: SUch rté'ﬁsfl@f redoliated
to t ' d

(ot GHEnsPUILAEE 0 oblaF sk Y nPRRIAR mdmbrane 4.

10devi ce once exfoliated cells have been sanpl ed and

prior to renoval froma rectal cavity. The plunger 23

of Kigereys¢ngows a represesiaipns h the:sgelbcramlinen device once

pre - Wit .4t ' '

Fher 3P aith DT, 5% R SimPicd 28 SR romaal Srom a rectal

c haguleéty . Whiecpluages @3 éhehef byaxindd & ivarbnated dudhothae 80ml of air

drawn back into the interior cavity of the insertion

menepresetinyithihdhe chambey afothenyangfe Tnalllig therafpes creates a
nser . . e
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r et£mé ibenddagal bacsind therihierivrecafitywbf efe irsesfienvmentiber 1 and

Figure 2C) . The snap fit features 24 are arnms present

on adhergfirpgartobegide mealksyefi igeinperifon manthest b The gmount of

ol &2,00 16sshpL iy 32 Ble-GNEuRYdd B9Cumt: pliEnBHLPANR snap fit
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retention features 24 (only one of which is shown in Figure 2C). The snap
20  fit features 24 are arms present on the plunger 23 of the syringe 7 which
locate into holes on the barrel 32 of the syringe 7. The purpose of the
snap fit features 24 is to prevent withdrawal of the plunger 23 from the

syringe 7.

25 Figure 2D shows a representation of the cell sampling device after
removal from the rectal cavity and prior to cell analysis. The distal,
insertion end of the insertion member 1 is provided with a thread which is
adapted to receive a 20mm diameter threaded screw cap 8. The cap 8 may
have a blister packet containing a buffer such that upon screwing the cap
30 8 to the insertion member 1, the buffer is released into the receptacle

formed by the deflated flexible membrane 4. After the cap 8 has been



snap fit features 24 is to prevent wthdrawal of the
pl unger 23 fromthe syringe 7. Figure 2D shows a
WO epsesrst ati on of the cell sanpling device afPRE&r/GB2005/002641
renmoval fromthe rectal cavity and prior to cel
anal ysis. The distal, insertion end of the insertion
menber 1 is provided wth a thysgead which is adapted to
receive a 20mm di aneter threaded screw cap 8. The cap
8 nmapevwral e ahdlinsirton packbdtr dorhaisyrringea? bndy de detathed from

that upon screwing the cap 8 to the insertiaon nber
1, theenssgriermenaberaf da2d@W HicolnsREIGRERIREE | Totq bf ragverted to

by .t I L Liexi hhe r
oo DL GLEE KRS JTESA0P o PRE AR, o be
7 paykigeddaidsdindofa tiotdtery fisecdli analysisber 1 to al | ow

the insertion nenber 1 to be converted to a conpact
5assay vial which, along with a plurality of other
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t hehgeamsior dfavityeB Surd sadrcorofoforhpeesked ain by sioavn tiy Higure 3.
is a source of conpressed air is _shown in Figure, 3.
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pressure upon activation of the trigger 14. The
nectpeni ectivagion ety idggarphthl dhefmaehanioatedrvies 9ais capable of

S R KL Rbe i s

presend 20y Wiy BEahaikcat 16Nb€ 6 Drebd ot eheoprRcBagiBal device
with a locating lug 17 on the insertion nenber 1. A
sel¥ which cagpeaties wWigh jaslospdsgdug dif phdhe Atertiogrmember 1. A

menb 1.to ensure,pressure.is intained wthin th

15, P SO R VOE 150PoR BT olthalt | et O b8 TS0 ensure
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vanes 19 which are designed to engage with a )
pr deomsthepmeghehics! devisadbdThe insertion diegther 1 woemrisen vanes

endl& vnvhg)crhdgtte &é’siér?&F Itc\)/ %ngaéeh\rv?t%dae %rggt scsoptzaaz\a/riw{1 $ fhreaded 20 at
the distal insertion end in order to receive a threaded cap 8 having a

20  blister packet 21 containing buffer. The mechanical device 9 is intended
" to be battery powered and may be re-charged by a power supply through a
charging jack 12. The mechanical device 9 comprises an air intake filter

25, a rubberised handle 13 and also has an on-off switch 15 and light
emitting diodes 10 and 11 which indicate when the device 9 is ready and

25 when the cycle of first and second pressure applications are complete.

In use, a user holds the mechanical device 9 by the rubberised pistol type
handle grip 13 and attaches the device 9 to an insertion member 1. The
insertion member is then inserted into the rectal cavity where it engages
30 with a proctoscope using the vanes 19 which enables an improved

penetration consistency. A first elevated pressure is applied by the user by



bl i ster packet 21 containing buffer. The nechani ca
device 9 is intended to be battery powered and may be
wo esocladsged by a power supply through a char gi PQI/GBeN05/002641
12. The mechani cal device 9 conprises an air intake
filter 25, a rubberised handle 13 and al so has an
on-off switch 15 and light em24ing diodes 10 and 11
whi ch indicate when the device 9 is ready and when the
quiresscbﬁg fthe stigged 14ewbivh gausss wirtabpl drasmi brig the ernechanical

lete. |.n use, 6 a user ani cal device
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insertion menber is then inserted into the rectal
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mucosal surface of a human subject are presented in Figure 4.
20
i) Access to the rectal mucosa can be achieved by the use of a rectal
access tube 29, which can be a modification of an existing instrument for
rectal examination (e.g. rectoscope 22). The rectal access tube 29 consists
of a rigid tube (with a handle) equipped with an obturator 30 providing an
25 olive-shaped end and uninterrupted surface facilitating introduction of the

rectal access tube 29 through the anal canal into the rectum.

ii) The cell sampling device 1 shown in Figure 4 is substantially as
described in Figure 1 and has an external diameter compatible with the

30 internal diameter of the rectal access tube, i.e. in the range of 15-20 mm.



The conponents required for sanpling exfoliated cells
froma colorectal nucosal surface of a human subj ect
wa@e@oporsented in Figure 4. i) Access to the rect/aB2005/002641
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transportation from surgery/clinic to laboratory).

20  The components required for the procedure can be developed to be used
as a disposable kit, which should include all the listed, components except

the compressed air source, which can be used repeatedly.

Description of thé touch-print cell sampling technique (rectal manipulations)
25 Figure 5 shows an example of the touch-print cell sampling technique to
sample exfoliated cells from a colorectal mucosal surface of a human
subject using any of the devices shown in Figures 1-4. This procedure is
simple and no special training in proctology or endoscopy is required for
the operator to carry it out. It can be performed by any qualified medical
30 professional (GP, nurse etc.) at a local surgery or patient’s home or it

may even be self-administered by the patient.



The conponents required for the procedure can be
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ayef opens. i nser

merhgsockllufari 184609 epen§.0 the rectal access tube 29 so
that the upper edge of the insertion nenber is |ocated

just above the edge of the rectal access tube (Figure
5D)Tlie insertion member 1 is introduced to the rectal access tube 29 so that

the upper edge of the insertion member is located just above the edge of

20  the rectal access tube (Figure 5D).

A first elevated pressure is applied which inflates the collecting flexible
membrane in order to contact the membrane with the rectal mucocellular
layer 27 to provide touch-print cell sampling (Figure 5E). The device is
25 left in this position for approximately 10-15 seconds to achieve better
adhesion of exfoliated cells and cell-derived materials of the mucocellular

layer to the collecting membrane.

Figure 5F shows the application of a second reduced pressure which
30 deflates the flexible membrane and causes it to return to its initial position

with collected material 31 on the outer, cell sampling surface.
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extraction procedures, special buffers/mediums should be wused for
applications requiring cell isolation. The cell-sampling device is prepared
for sample transport or storage by being hermetically closed with a secure
threaded cap 8 (step (c)) but it will be appreciated that when the threaded
cap has a buffer containing blister packet then step (b) can be omitted.
The device can then be stored or transported for further downstream

procedures for screening/diagnostic and/or research purposes (step (d)).

Analysis of samples

It should be stressed that the technique provides a much higher degree of
standardization in comparison with other existing approaches. The use of
a standard device with standard air pressure/volume, standard area of
inflated collection membrane (contact area with rectal mucocellular layer

can vary, but this variation is negligible compared to other ways of



threaded cap 8 (step (c)) but it will be appreciated
that when the threaded cap has a buffer containing
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research purposes (step (d)) .3pAnal ysis of samples It
shoul d be stressed that the techni que provides a nuch
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norfoalthe yneshad 68 ity siohie tanseds tappHcalgtisy fee dheuyapds/millions of
requi renment for the nmethod is its simnultaneous

apP*PR4bi lity for thousands/nmillions of people. i)

G ven that there are strong indications of

consi derably hi gher amounts of col onocytes and
colibnocyGisedethatetheDNAaren steigalindigaiens | off sonpiggesblpf higher

15T RS S heBak S Pl TR 2oL TBA R g reca
di relo ARl NFePlored1 Ot dchiiChnest PaAENisCSorAPsted to tumour-free
col onocyte-derived nmaterials can provide a sinple
scriadividapls est i overyolikehtthat thmdechiigeedfodinege sampling of
d reex%ligtlégngcl)lto%yc?tgs and colonocyte-derived materials can provide a
simple screening test for colorectal cancer based on the direct quantitation
20  of the amount of DNA extracted from the cells. For this approach the
initial buffer used just after cell sampling should be a cell lysis buffer
used for the selected DNA extraction procedure. The addition of the
buffer should provide efficient cell lysis and preservation of the DNA-
containing material during transportation to a dedicated laboratory and
25  (probably) some period of storage. The DNA extraction method should be
selected on the basis of its applicability for high throughput analysis, i.e.
it should be compatible with multichannel liquid handling robotic systems.
Exact values for DNA quantities defining “positive”, “negative” and

“doubtful” results of the test should be determined in clinical trials.

30
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colonocytes can then be used for different types of analysis such as DNA
20 extraction and quantitation, DNA extraction followed by PCR
amplification, cancer molecular and biochemical marker analysis,

cytological/cytochemical assessment, and direct cell counting (doubtful in

terms of screening due to low speed and high cost).

25 ()  Colorectal cancer diagnosis
Diagnostic use of tests is focused on individuals presenting some specific
complaints or already identified as sufferers from a condition. Target
groups of patients are much smaller than those expected for screening
purposes.

30
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end, & proxi mal- end and a closable interior cavity; a
fl exi bl e menbrane having an outer, cell sanpling
surface and an inner surface, wherein said nenmbrane is
sealingly attached to the distal, insertion end of
said insertion nenber and held within the interior
cavity; such that, in use, pressurisation of the
interior cavity to at least a



first elevated pressure causes the nenbrane to emt

fromthe distal end of said insertion nenber to nake
w@owbaec4i t h the col orectal mucosal surface aPCI/GB2005/002641

pressurisation of the interior cavity to a second

reduced pressure causes the nenbrane to invert and

return to the interior cavity ® said insertion

nmenber. 2. A device as defined in claim1, wherein the

fl &XLBIMSenbrane is elastic and is constructed from a

nitrile, latex or rubber based substance. 3. A device

as defined in claiml1l or claim2, wherein the closable

i nteriora GaYode¥ia@lcelin@mf18Ry §4\a8e BBRRRIsing Cl osed. 4.
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sdevice as defined in any preceding clainms, wherein the
insertion nmenber is configured to allow self-insertion

2. A device as defined in claim 1, wherein the flexible membrane is

[9)]

elastic and is constructed from a nitrile, latex or rubber based substance.

3. A device as defined in claim 1 or claim 2, wherein the closable

20  interior cavity of the insertion member is closed.

4. A device as defined in any preceding claims, which further
comprises means for pressurisation of the interior cavity, wherein said
means are attached to the proximal end of the insertion member.

25
5. A device as defined in claim 4, wherein said means for
pressurisation of the interior cavity are attached to a valve, such as a self-

sealing valve, present at the proximal end of the insertion member.



11. A device as defined in claim10, wherein the
i nsertion menber is rounded at the distal, insertion

we@nas/0447 A devi ce as defined in any precedi ngpCl/aBnm5/002641
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wherein the flexible menbrane forns a receptacl e when

held within the interior cavity of said insertion

menber, such that fluid nmay bes4dded. 13. A device as
defined in any preceding clains, wherein the interior
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th?ﬁéﬁ%ﬁhggg, to seal said receptacle.15. A device as
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of a human subj ect, which conprises a colorectal cel
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and a rectal access tube and optionally an obturator.

17. A kit as defined in claim 16, which additionally
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t hreaded cap, to engage with the insertion nmenber. 19.
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reagents are present Iin the threaded cap as a blister

packet . :

10. A device as defined in any preceding claims, wherein the insertion

member is configured to allow self-insertion

11. A device as defined in claim 10, wherein the insertion member is

rounded at the distal, insertion end.

12. A device as defined in any preceding claims, wherein the flexible
membrane forms a receptacle when held within the interior cavity of said

insertion member, such that fluid may be added.

25 13. A device as defined in any preceding claims, wherein the interior

cavity of the insertion member is provided with adhesion means.

14. A device as defined in any preceding claims, wherein the insertion

member is adapted to engage with a sealing means, such as a threaded

30 cap, to seal said receptacle.



21. A nethod of quantitative sanpling of exfoliated
cells froma col orectal nmucosal surface of a human

W@ peei44™ t hout contam nating the sanpl e by cPeit/aBRiongo2641
ot her body surfaces conprising the steps of: bringing
a sanpling device conprising a sequestered cel
sanpling surface into proximt3swth the col orecta
mucosal surface to be sanpled, w thout nmaking prior
conlthact Avdevicengs defised Hodanys of chaistscodie akd.i whetehe said means
cell sanpling.surface with the .color a cpsal . .
PRI T RO TRE Mirdon SREC P Bt RpaRIE AR the insertion
nMuGRsSabesUr f ace; and renoving the sanpling device and
sanple fromproximty with the nucosal surface w thout
the sequestered cell sanpling surface or sanpl e naking

contact w.th_.an t her bod urface. 22 net hod, of
Seanti ngt it Gt SUERIGE § SHpRraRes o Eeelt THRGEh firface of a
sunfiagdh QubfechURPHIcR UBbBBEiseL UTRISHebE] t 881 a8l device as
inserting a colorectal cell sanpling device as defined
i n dedinedfinchny 0 clains 130i Hi.oandhe restalaiccesssitube amdl optionally
bri ngi n% said device into proximty with a col orectal
mucsHUEHPFace without the outer, cell sanpling
surface of the flexible nmenbrane making prior contact
Wi th any other body surface; pressurising the interior
10cavit.y tAd kit beaddfied iinstlagheat ewhjpohe siclditéorsdlyt lvamprises a

th Ll_exi bl e menbrane, enits fromthe distal end of the
saﬁﬂ Vﬁ@“@éyFQQFaéSEFQEFPﬁQe e col orectal nucosa
surface with the outer, cell sanpling surface of said
menbrane such that a sanple of exfoliated cells is

obtk.nedAf kisms hdeftmidoriecelaimnii6osal clsimf &Ce; whispl gildigionally
a second reduied pressure (o the intﬁé&or cavit

SO .
£ haROTIESaS) SSATEIEe MRARSr AVGh| #ydr LATCHflee (8- SmsPigage with the
15P" 888 ioA mbRABere! |

19. A kit as defined in any of claims 16 to 18, which additionally
comprises one or more reagents, such as a cell lysis buffer or cell
preserving medium.

20
20. A kit as defined in claim 19, wherein said one or more reagents are

present in the threaded cap as a blister packet.

21. A method of quantitative sampling of exfoliated cells from a

25 colorectal mucosal surface of a human subject without contaminating the
sample by contacting other body surfaces comprising the steps of:

bringing a sampling device comprising a sequestered cell sampling

surface into proximity with the colorectal mucosal surface to be

sampled, without making prior contact with any other body surface;



sanpling surface of said nenbrane returns to the
interior cavity of the cell sanpling device; and

w0 2090003ag7 t he cel |l sanpling device from proxi iPCHGBRG08/002641

the col orectal nucosal surface and wi thdrawi ng said

device fromthe rectal cavity w thout the nenbrane or

sanpl e maki ng contact wth anysgther body surface. 23.

A net hod as defined in claim22, which additionally

conpri sesntdegingt s coll: samspling rsyrface owjithi theed colorectal mucosal
colorectal cell sanpling device as .defined in any of

ol aime FUEEICe USRIt 120 S41AP1ea b BB REih Ty ey Cosal surface;
rectal cayity; and renoving said sanpling device and

sanple fromthe rectal access tube. 24. A nethod as

def i ned remo@lmg the2Bamplihg etk thdsaiipye Coomproreesnithewith the
steps of: inserting a conjoined rectal access tube an

5an obt urBYsal suEface evithetta fhe: soquspiergr ¢t spmplingngnrtace or

I nserting

evi ce as “defi ne

sanp

oDt Ur &t Qf FOMARE LERLEL WARCERF IR DOA! Ul

n any of

clains 1 to 15; renoving the sanpling device and
sanpl e; replacing the obturator via the rectal  access

tu

andsu

sanp

P

- arf mpthedr efvsagriing edRfisteadeqeliedram acokyscialpaucosal
ﬁtcgroqt O 1&15 Bi;é% rceoq#x?tlisi% Vthteyste 3 f'A met hod of
& a{?g]d ef’ om ec?

iI'ng ex

ol'l 'S colo al nmucosal

10sur f acengirtiag hurabreudl] @t sarepliipg dsvitg dshdefitedpia afy of claims
inserting a rectal access tube and an obturator into L
the redt® 1Zanio theviegtal raviiaand hrigging said device into proximity

15

20

25

30

23.

with a colorectal mucosal surface without the outer, cell sampling
surface of the flexible membrane making prior contact with any other
body surface;

pressurising the interior cavity to at least a first elevated pressure so
that the flexible membrane emits from the distal end of the sampling
device;

contacting the colorectal mucosal surface with the outer, cell
sampling surface of said membrane such that a sample of exfoliated
cells is obtained from the colorectal mucosal surface;

applying a second reduced pressure to the interior cavity so that the
flexible membrane inverts and the sample present on the cell
sampling surface of said membrane returns to the interior cavity of
the cell sampling device; and

removing the cell sampling device from proximity with the colorectal
mucosal surface and withdrawing said device from the rectal cavity
without the membrane or sample making contact with any other body

surface.

A method as defined in claim 22, which additionally comprises the

steps of:



wi t hdrawi ng the obturator fromthe rectal access tube,
inserting a colorectal cell sanpling device as defined
w0 pooaty34ef clains 1 to 15 into the rectal caviP@gI/GBa005/002641
the rectal access tube, without the flexible nenbrane
of the sanpling device maki ng contact with any ot her
body surface; pressurising thg7nterior cavity to at
| east a first elevated pressure so that the flexible
menbr ahsesing @ tonjwindie cdistatlal ertl suimp]ieg stavptd ag defined in
devi ce; contactlng t he col orectal nucos sur f m@ﬁh .
the ouf®@y Of Cdpimss Hﬁl1%§n§d¥f%%%-%F£§%i gﬁée al cavity;
obtalnh€ a sanple of exfoliated cells fron1the
col orectal mucosal surface; applying a second reduced
pr essur@mbwinghsaidnsanplong aievidey and sdmaplet frent |thgitsiceal access
menbrane inverts and the sanple present on the cel
5sanpllﬁﬂx%urface of said nmenbrane returns to the
interior cavity of the cell sanpling device;
wi t hdrawi ng the cell sanpling device fromthe recta
cavi4ty W andthed rag aiediinedcinedlairh Uy, whichhadditiohally comprises the
flexi bl e menbrane of the sanpling device contacting
anﬁ“ﬁ?dﬁ surface; replacing the obturator via the
recta d e
tube. il ot ar bR B AR RS S Cah My AEEBE o the
1026. A m&ﬁﬁpgﬂaﬁzscreenlng and di agnosis for colorecta
cancer conprising any method of sanpling. as defln%F in,
any of withdrawing the obturaipd femnhée 4§ @W?@S tube prior to
(oD iihDs SRNRR SR8 TDRAREETh NS AR (o 15;

devi ce "It ra nos IC anal'ysis on
sanpl eredéving fHRtdaathlap d@;ﬁb@@ﬁdlsﬁmpﬂ@;l m 26, Wher el n
said analysis is selected
replacing the obturator via the rectal access tube; and
15 withdrawing the conjoined rectal access tube and obturator from the

rectal cavity.

25. A method of sampling exfoliated cells from a colorectal mucosal
surface of a human subject, comprising the steps of:
20 inserting a rectal access tube and an obturator into the rectal cavity
via the anal canal;
withdrawing the obturator from the rectal access iube;
inserting a colorectal cell sampling device as defined in any of claims
1 to 15 into the rectal cavity via the rectal access tube, without the
25 flexible membrane of the sampling device making contact withwany
other body surface;
pressurising the interior cavity to at least a first elevated pressure so
that the flexible membrane emits from the distal end of the sampling
device;
30 contacting the colorectal mucosal surface with the outer, cell

sampling surface of said membrane;



from DNA quantitation, DNA extraction followed by its

guanti

tation and optional nol ecul ar anal ysis,

w@ywelagiral / cyt ochemi cal investigati on and bi PCTeBR@&I002641
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tests.

26.

38
obtaining a sample of exfoliated cells from the colorectal mucosal
surface;
applying a second reduced pressure to the interior cavity so that the
flexible membrane inverts and the sample present on the cell
sampling surface of said membrane returns to the interior cavity of
the cell sampling device;
withdrawing the cell sampling device from the rectal cavity via the
rectal access tube, without the flexible membrane of the sampling
device contacting any body surface;
replacing the obturator via the rectal access tube; and
withdrawing the rectal access tube and obturator from the rectum via

the anal canal.

A method of screening and diagnosis for colorectal cancer

comprising any method of sampling as defined in any of claims 21 to 25,

and further comprising recovering the collected sample from the sampling

device and performing a diagnostic analysis on the sample.

27.

A method as defined in claim 26, wherein said analysis is selected

from DNA quantitation, DNA extraction followed by its quantitation and

optional molecular analysis, cytological/cytochemical investigation and

biochemical tests.



