WO 2007/ 099312PCT/ GB2007/ 000698 Field of the
i nvention The present invention relates to
nodi fi cation of biol ogical sanples which conprise a
WO a3ty of cells. More particularly, it cBRE&HITH00698
enri chment of a sanple witth respect to cells of
interest to assist further analysis thereof.
Background to the invention During the study of
bi ol ogi cal sanples, it is conmon to have sanpl es that
contain cells of particular interest within a m xture
of cells. It may be useful to enrich the sanple with
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or further processing and analysis. This capability
is of interest wwthin the research area to provide

Field offle idRHESLSt andi ng of nmechani sms of a cellular
process, where the. techni que has applications for

exanple in the study of cell differentiation, cell '

| i neage and fate, of S ' ;
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his capability is also of interest for the diagnosis
of interest topsgist bigher BREISIMEEr (det ecting presence of a

condition, evaluating the extent of a condition) by

~conparing the results with normals; and for

Backerewsll tu dlid ingertioe ef f ecti veness of a treatnent by

| ooki ng at changes over tine. Typically, a particular

cell type exists within a heterogeneous popul ati on of
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cells of various types (natural killer cells, etc) in

. blood sanpl.es; netgstatic cancer cells j.pn tis .
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different ways or be activated ] i ft ] Y}
oot RSB Yok Fongt Ty YR RGeSt DGR i e
results WAHE h&i$hal® an@ Mok F SaREOGE Beesfetivarbd ohustreatment by looking at

changes over time.

Typically, a particular ce]l type exists within a heterogeneous population of multiple cell
types. Examples include differentiated cells within a tissue sample and stem cells [So 2004];
cancer cells and blood vessels within a tissue sample; neurons growing in a subsirate of
supporting cells; fetal cells in maternal blood; white blood cells of various types (natural
Killer cells, ctc) in blood samples; metastatic cancer cells in tissues samples, etc. In addition
a particular cell type may itself consist of a heterogeneous population with respect to some

particular characteristic. For example, the cells may consist of subgroups of cells at different
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5 One current approach to sort cells is to use a flow
cytoneter or a Fluorescence Activated Cell Sorter
(FACS) machine. A typical practice involving a FACS
machine is to label the cells with one or nore
fluorescent |labels, to disperse the cells in a
__suitable carrier nmedium and to pass that carrier,
positionygidi thenceld ey elieninelpdinge belag |uasperd (gen-divedimcd: mddibiopethe cells
in whi.ch the carrier is.for Ln dr opl
may be ;oL 8 o5k b AR b OO KRB By Bifferept ways, and
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fluorescent label in an individual cell to fluoresce
and em t Iight_mhich is detected in the formof a
| .
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Sorter (AACinvahinel I typical practce pivablieg B AFACS midekine is to label the cells
... processing. Multiple | abels can be used to deferm ne
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he.necessary sensjtiyvity a l.ecti.vi.ty. Howeve
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del ay, this nmeans that sone fine-grained tenporal and

with gogd diseiiminating ehidity sircn she Buerespgrt laheldwrdbespergssery spapiivity and
.. difficult eg synchronization of cell cycle. In
Sele‘:J[mfaé%dition, the data collected fromeach cell is of a
fairly coarse nature, making it difficult to
di stingui sh between distinct _25spatial organi zations
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m croscope wth a ssect| ng
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spatial organizations of the label, due e.g. to translocation processes.

In an alternative approach, the sample may be analysed manually under a microscope with a
micro-dissecting stage. Markers (stains) may be added to allow different cell types,
components and structures to be visualized, distinguished and manipulated. This 1s slow,
laborious and error-prone, and it is difficult to prevent cross-contamination between sample

components or the use of live objects. It is not feasible if the cell type is rare.



In a further technique, a | aser may be used for
m cro-di ssection and to cut around the cells of
interest [Wttke 2005; Schuetze 1997]. This helps to
- prevent contam nation problens. Alternatively,
optical tweezers may be used to displace snmall scale
bi ol ogi cal objects, but canpot effectively perform
certain types of operation such as the cutting or
In adimivalm@ﬁque de $iserethagtheashe dormatcer-diatectiémemsl to cut around the
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t he respectlve cell; (b) acquiring an i mge of
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image (d) selecting ceIIs ot her than the
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st for fu her The techni que

maﬁtﬂ‘% gﬂﬁﬁt IF%SQHaIFH {clf resgg{lg?lggz ng and identifying the
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in the release of a species in such a way as to kill

it. Benefits of the present approach over the prior
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phcemnduaye conhpsinds rthe eavza:lmtmgdrghe\bem acEdp amcahl%dhc mhetosrasitive
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"&p(} ar17&Vent s occurri ng over a longer tinme scale,

and enrichnment of greater quality (nore true

positives, less false positive, |ess contam nation),

and with Iess interference with the sanple under

study.



Preferred techni ques have been devel oped by the

present inventors for acquiring and anal yzi ng i mages

with marker probes and photo-sensitive conpounds,
woMdbBEvodbk! ows i ndividual cells to be sel ecti welryB2007/000698

irradi ated and thus deactiaated or killed. Enrichnment

of a sanple by elimnating only a proportion of the

cells of interest may facilitate sone Iong term

o0 o e B & KA Ry Y Pk S ec PO, et Qs o
light beetn] mdttilpemulﬂhﬂhmsféeaseﬁ ofee phoitoisendi 4 wrpacokibitnd

enabl es enrichnment in a well controlled manner, using

a | ower power light source (such as a | ow power

Beneflt88€1hk ptrés@ﬁt dpproRRG06k the pHeskt o tBatGEhllovtSéAaehihdtBR LS greater
al one. The follow ng steps are envisaged in one

numbqrhmfﬁm@t then: Wml}ldpb%%mblg angea clamnaﬂrumgdc?@ff aprrasl, and
facﬂﬁ@%%ﬂri%iﬂngﬂt Qefsecﬁ% rare?)cvg [t Psﬁcﬁ’vhg ch.a.rg@é Jﬁg aS'thl e;% i)evcni:s or

uce sensitrverconpoun

eventsﬁwthrﬂhagmm@lnmmpo(aib ptforomuaiby (suoh a‘s/lphmemﬂirenyy% tltiple events,
tics (vari US i ma Ref i ne

coincidfrg ST SRS S EaPn ) P A SR%%E&PB%F? §rfafvpnts of fine spatial

detail; AGEMS o8t badr 4 1REE: GBL scdb), RH QEABISud 1 A8 (GhbiityYmore

obtain an inage neasure ;
true positives, less false positive, less contamination), and with less interference with the

sample under study.

Preferred techniques have been developed by the present imventors for acquiring and
analyzing images with marker probes and photo-sensitive compounds, which allows

individual cells to be selectively irradiated and thus deactivated or killed.

Enrichment of a sample by eliminating only a proportion of the cells of interest may
facilitate some long term studies (fracking changes over time), and/or modulation or

manipulation of the interaction between cells types.

The use of a photosensitive compound enables enrichment in a well controlled manrer,

using a lower power light source (such as a low power laser) than is needed to destroy a cell

using light alone.
The following steps are envisaged in one implementation:

1) Present sample consisting of mixed population of cells;

2) Probe with marker molecule; :

3) Infroduce photosensitive compound (optional);

4) Stimulate sample (optional);

5) View sample with viewing optics (various imaging modes);

6) Refine viewing parameters including focus (optional);



9) Cassify cell of interest based on coinci dence of

one or nore image neasures; 10) Direct an irradiating

light beamto a particular location in the sanple at
woBddosGuUl ar nonent in time in order to carrpCTacE208000698

action on the sanple; 11)Repeat fromstep 3

(introduce) step 4 (stinulate) or step 5 (view); or

12)Exit and further processing of the sanple. The

S - .S . typically a particular cell type within a
7)h§t%§r oeg%%%%@ﬂ%?oﬁbl ation of multiple cell types. !
8)ERmnpdsele inngtdde shtfifi an ehideatdageti Ssues with stem

enitor, precursor and differentiated cells

cells, pro ‘
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12pegukat fuaher@iodessihg oty sigplé het er ogeneous popul ation
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e Tespondi ng envi ronnen
cell typhs f Exampits inelyde diffetzatistttg tssitos dvithstetn télsy progenityy spreaungbr and
... thus. expressing different proteins or nolecul es of
dﬂaﬁ?%%%‘%%eégwﬁ%%sﬁS?f%lg'esses. The sanple may be part
of-a cell, an organelle and/or cell region in a cell.

‘ Alternatively the population of cells may be. an ' _
Furthersmose gopajtiaflarcast] typp ayDitspll gmmsish of jashataso gemapiseporalation with

o2 0o e o, B MUY SOURLEG s o
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phot osensi ti ve conmpounds may conprise one or nore of
the followng a fluorescence nol ecule; a | um nescent

AlternafRé106ht Sopudifiol BF 26127 8E B heidhddendis _ﬁ&%ﬂlé‘tﬁm%@:ﬂ@%ﬁmeﬂt
to a chronmophore or fluorophore by a photo-cleavabl e

cell types, i vyith gomesyzenego Variaion; mutatior on phepatied, wi with diffeyent degrees
: (a non-bl ocki ng anti body conjugated with
°fumag%ék%5§%8% 9312PCT1GL320071000698 6

The cells' may be responding to the environment in different ways or be activated in different

ways, and thus expressing different proteins or molecules of interest or entire processes.

The sample may be part of a cell, an organelle and/or cell region in a cell, Alterpatively the
population of cells may be an assembly of cells in 2D or 3D; a tissue sample; a biological
fluid such as blood; a biopsy sample; an organ; an embryo; a part of an animal or a plant; or

an entire animal or a plant.

The marker molecule and photosensitive compounds may comprise one or more of the
following: a fluorescence molecule; a luminescent molecule; an uncaging agent with an
active part bound to a chromophore or fluorophore by a photd~cleavable link {Gurey 1999];
a ligand conjugated with a dye; a CALI reagent (a non-blocking antibody conjugated with a



dye [flag 2000]); a photosensitizer such as KillerRed

(mar ket ed by Evrogen); a genetically encoded nol ecul e

such as GYP; a photo-activatabl e nol ecul e such as
wEmoeidosal | y encoded PA-GYP or caged nol ecul ep([ﬁ@m()mmoesgs

1999]; a photo-sw tching mol ecul e such as KFP;, a

timer protein [Terskikh 2000][ Ver khusha 2004]; a cel

cycle marker; a voltage or potential sensitive

b ' | .
dye IR Rl Rk el Koot kb 0g by it e I Biically
encode@fmibdulid Ricd BMEEPLS pb)(}to&bla\mmka mnletll{ie seolc i g@netxcally encoded
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an exogsmoededlensp Kk Bings jo 5661?%416’0‘?5’8%‘2“%&? e do
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gues. mul at o of the sanple may inclu ny
may reEr)ﬁnethﬂ ﬂhomaeml m&eu( hirostendleails. Txhgedots (nonpgﬂ;agﬁl@ﬂy encoded)

marker% ng%t Ocﬁ:g%%téxlglg le. @l i ca.H;{Ca%ld n%)gag%ﬂgt‘idagg gn%dfd elfsd Inay be

introdul&e of "mﬁoﬁﬁreoﬁcehhﬁrefvﬁhﬂ? th’ﬂgiucéd ljﬂbe&ﬁe rtye aaﬂumh@e afrknown
nmore excéitati on wavebands; | um nescence; w defi el d;

techniqeemf ocal ;. phase contrast; NC, structured

iIIuninatlon fluorescence lifetime; polarization; or

mul ti - photon processes. The view ng paraneters which
StimuldARY &t ghdiple dzmyymdmdﬂ ane exteena] @@mﬂUSpﬂaﬁ@Eﬁﬂc&L chemical,

focus, fiel V W, excit ryhyeve
physicaldhereh Hcag ’b@‘fﬁl tnbg?cg{; aé%} on, éaul se regime,
as well as detector paraneters such as wavel ength

sensitivity, exposure timng _and_duratjon, |ocation
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v truchired
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fluorescence |ifetime i mages in a range; inages at
particul ar wavebands fromthe infrared to the
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in lifetine; spectral shift; novenment, mgration or
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or ganel ~menbrane to organelle, nucleus to

organelle endocytosi s, exocytosis, invasion by a

particle or virus; vesicle novenent; nenbrane

ruffling; cell blebbing; growh cone extension;

particular pHio value or range of pH val ues,

particular ion concentration or range of ion

concentration; DNA content; DNA fragnentation;

menbrane potential; nunber and size of DNA | oci;

bi ndi ng event; signaling; adhesion; or other

measur ement such as current, voltage, inpedance, or
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The action carried out may inactivate or kill at

| east part of a cell. This nay be achi eved by flash

photol ysis, un-caging or releasing (a |um nescence

substrate such as luciferin [Yang 1993] or

coel enterazine; free radicals) a toxic substance,

perforation of a cell wall, transfection, ablation or
Suitablé’hﬂf% &{g&hfe's Cff’i‘&gl ARpRE SRAGkAS, §6Jﬂdﬁﬁyu ER@ns el nfiphology; cell

tubul es r 25activation of a pathway such as
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intensiy GaRHC P MBS DR e PRSIy DT i e B fetime:
spectr I RbYSmER! nf@afidh 08 nfdHlit; "GutkRGM HbgRIfesChubRefular event
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membrqnggfogﬁ?z%%?tl g %rg%qlg I[ a{aog)]lt 3 Ilrlllic?gfs 0 c?to%ﬁlsx%ac?’goplasm to
membra8 OB 33 AR Q%@@@ﬁﬁﬁeﬁbﬁﬁ@t dy@dpiein & drangde, hembrane

mani-pul ate the Iight source to only irradi ate at
to orgam@@snucpiwsr toofrgees] @ﬁdca:ytﬂsm SKPEXsHT IRESswatyga particls or virus;

%
vsicte RSHBUA T A, BTG T R SRCBUR ok B i i
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e, RSO TRS) 1§ TR0 o s g T, (SR, e o

" transcoride@iafte. and tinme point for the irradiation to take

pl ace may be based on information about the sanple
and the desired experinmental protocol. The apparatus

A cIass@Xho%ede%ﬁ{H% A 68 Qe %5%@%[1%11%'&%&6 SRARKE Allind above or below

sanpl'e Tequiring notion of the view ng

or mth;hdrmﬂts mnmbemmemth aaaodaincsr stilghtiiceli distandeyfrorn lat aep Ioéexamz)les or

sanples ngél resent on a | arger carr

some. LR OB oRaLies I, °Coh Ay L 1 et e (s O nearcs

neighbollk; fak i M nduBAGRRYSk; glpfpt)ﬁrx%ﬁfor eiichine PRI rechetiti®gr or genetic
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algorithinnc| ude:

The action carried out may inactivate or kill at least part of a cell. This may be achieved by
flash photolysis, un-caging or releasing (a luminescence substrate such as luciferin [Yang
1993] or coclenterazine; free radicals) a toxic substance, perforation of a cell wall,

transféction, ablation or other modification of specific structures such as microtubules; or

activation of a pathway such as apoptosis.

Further processing or analy51s can include examination, harvestmg, sorting, culture or

treatment of the sample by dispensing of reagents

Apparatus for carrying out the techniques described herein comprises: a detector for
acquiring an image of at least a portion of the sampie; a light source for generating a light

beam to irradiate a selected region of the sample; and a
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The location, region and time point for the irradiation to take place may be based on

~ information about the sample and the desired experimental protocol.

The apparatus may be conﬂgured to study a single éamplc or a larger sample requiring
motion of the viewing location between locations. Additionally multiple samples may be

_ presented on a larger carrier, whereby the samples’ differ in some way (different cells,

different reagents, different environment).

Further applications of the techniques disclosed herein may include:
screening for activity of dmg candidates by observing changes;
- screening for safety of drug candidates or therapeutic agents;

- detecting the presence of a disease or disorder (diagnosis);
- evaluating the extent of a disease or disorder (stratification);
- evaluating the effectiveness of a treatment; and

- discovery of biomarker to indicate any of the above.
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claim1l wherein the sanple conprises cells of
different cell types, and in step (c) cells of a
particular type are identified. 3. A nethod of
claiml wherein the plurality of cells consists of
cells of the sanme type, and in step (c) a subgroup of
the plurality of cells which have a comon
characteristic is 20identified. 4. A nethod of any
precedi ng claimwherein the i nage acquired in step
(b) is displayed
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to a user, and the cells of interest are identified
in step (c) by user input signals. 255. A nethod of
any of clainms 1 to 3 wherein the cells of interest
are identified in step (c) by analysis of the inage
acquired in step (b) by inpge processing neans. 6. A
nmet hod of any preceding claimwherein cells are
Claimsi dentified as of interest in step (c) by:

conparing a neasured paraneter of a cell with a
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sh)epqifitihg by imsfearfan bast oportan af tbtsanplednithorarether
' es or.data relating to the sanple and

sanpl es;. or |m}q
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nmet hod of any of CFaIﬁB lto wherein the
further miadysosensi tive conpound is genetically encoded in
' each of the plurality of cells. '

2. A method of claim 1 wherein the sample comprises cells of different cell types, and in

step (c) cells of a particular type are identified.

3. A method of claim 1 wherein the plurality of cells consists of cells of the same type,

and in step (c) a subgroup of the plurality of cells which have a common characteristic is

identified.

4. A method of any preceding claim wherein the image acquired in step (b} is displayed

to a user, and the cells of interest are identified in step (c) by user input signals.

5. A-method of any of claims 1 to 3 wherein the cells of interest are identified in step (c)

by analysis of the image acquired in step (b) by image processing means.

6. A method of any preceding claim wherein cells are identified as of ihtcrest in step {(c)
by: comparing a measured parameter of a cell with a predetermined threshold; by linear or

non-linear mapping of a measured parameter; by means of a classifier based on nearest



11. A nmethod of any preceding claimwherein at |east
part of the selected cells is killed in step (e) by
activation of apoptosis, or by the release of a toxic
wouhsianee. 12. A nethod of any precedi ng clmymeB2007/000698
wherein the sanple conpriges cel-ls which include a
mar ker conpound that is able to respond to |ight
irradiation to assist analysis of the sanple.  13. A
. t_hOd of any. . [ j . & using pattern
neigfigtrrseen SRl AEE RerEko AT RERHN o8 SATLE yeine
recoghlti®BUSr P genetic higofithgi. cal fluid such as blood; a
bi opsy sanple; an organ; an enbryo; a part of an
animal or a plant; or an entire animal or a plant.
14, cath dMi GRet-d18 c&llsakrdidemeidddising idergitap step (c)
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ul & o3 ehf a photdBdnbiigerof any
fouov%}lg::ée%%fg)ﬁ%eggr%ﬁ\%e%zﬁ%aga sg&aﬁgnce of inmages.is
acquired in step (b), and identification step (c) is

carried. out with reference : tive
0. i Heaon0! enhprreie ARPRTf e 158 BRUERAine b pipsensity
compbRIGRS LB the BRiralldy ofbdllsf i el d i mages; fluorescence

I mges; confocal inmages at particular focal planes;

fluorescence lifetinme inmages in a range; imges at

parti %ethk phb R 8 chMBoiid is geneticall
10. u%?%@#%%@%g%%ﬁgégﬁéﬁ%%?ma% i mge st acﬂl%;p or aﬁy ¢
encode® irbdaph bf the pluralityoff cells18. A net hod of any preceding

claimwherein said further analysis conprises one of:

exam nation; harvesting; sorting; culture; or

11, tneptaeabs oy pleBeda@plagn Mhestispdast pgt of theealpetd siells is killed

 in step (&) by activation of apoptosis, or by the release of a toxic substance.

12, A mﬁtiiéd' of any precedﬁlg claim wherein the sample comprises cells which inchude
a marker compound that is able to respond to light irradiation to assist analysis of the

sample. -

13. A method of any preceding claim wherein the sample comprises one oft an assembly
of cells in 2D or 3D; a tissue sample; a biological fluid such as blood; a biopsy sample; an

organ; an embryo; 2 part of an animal or & plant; or an entire animal or a plant.

| 1-4. A mctﬁod of any preceding claim including a step of stimulating the sample prior to

step (b).

15. A method of any preceding claim wherein an image is acquired in step (b) using one

of the following imaging techniques: fluorescence at one or more excitation wavebands;
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luminescence; widefield; confocal; phase contrast; DIC; structured illumination; fluorescence

- lifetime; polarization; or a multi-photon process.

16. A method of any preceding claim wherein a sequence of images is acquired in step

(b), and identification step (c) is carried out with reference to the sequence.

17. A method of claim 16 wherein the sequence of acquired images comprises: bright-
field images; fluorescence images; confocal images at particular focal planes; fluorescence
lifetime images in a range; images at particular wavebands from the infrared to the-

ultfaviolet; a time séquence; an image stack; or any combination thereof.

18. A method of any preéediné- claim wherein said further analysis comprises one of:
examination; harvesting; sorting; culture; or treatment of the sample by dispensing of

reagents.



