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nodi fi cation of biol ogical sanples which conprise a
plurality of cells. Mre particularly, it concerns
enrichment of a sanple with 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 common to have sanpl es that
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regulation, in the response to any external stimulus, to provide new knowledge and
understanding. This capability is also of interest for the diagnosis of a disease or disorder
(detecting presence of a condition, evaluating the extent of a condition) by comparing the
results with normals; and for evaluating the effectiveness of a treatment by looking at

changes over time.

Typically, a particular cell 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 substrate of
supporting cells; fetal cells in maternal blood; white blood cells of various types (natural
killer cells, etc) 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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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 is 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 an alternative approach, the sanple nmay be anal ysed
manual |y under a m croscope with a m cro-dissecting

W@ e@gme993hhar kers (stains) may be added to al | owpCT/GB2007/000698
different cell types, conpohents and structures to be
vi sual i zed, distinguished and mani pul ated. This is
sl ow, |aborious and error-prone, and it is difficult

In a fueth@f tedteniduet h RE6r SN bAHRAIDE ArOEWESBnSATRS But around the cells of
onents or the use of |live objects. It is not

co
intergsg 4§Yigke 3005t Hehwasza 109He Thés helpe. tbnpravénir ¢dntamination problems.

=hini be ed.for mcro-di ssectjion _.
Aterh S, YTl BRES plihedRell 3G ool Prdll e esggbiect, but
canndic bffietizely 199frm ddtiasn BRjed Dt EhefHtBH &L GRNhaNRAL 8 removal of
roblems. Alternatively, optical tweezers nmay be used
unde{)l’{fd&i”%ﬁfeéd’éat%fﬁgdi Jasgpghlation esnalp baluseshiogemeye buwartechmeterial.
effectively performcertain types of operation such as
the cutting or renoval of undesired attached material.

In anl @egher apbatacignhe aamalesmapdelised dud %@B@i/ @orlupmoﬂéﬂlﬁgmolecules or
material.. | n anot her_approach, the sanpl e may be )
combiGH R mpPtE ot PN Uk LA RbIPaPESIIRE A Hicroarray. This
appro@ eI B Bd kf&?%eﬂﬁti@éﬁcﬁhe‘éﬁvé Yelv@s: NGy bg%itg S10W, %}gx}eﬂéng fine
using a mcroarray. This approach can be very
tempayehyifarimagion ficb s beimg tacvassed-anditeis geherakin deerugtivé ef sleow]l under
prevent i fine temporal .infornmati from bein
study Pt Bt € Bol S it huse st AtV G T gecel |
under study, thus preventing the collection and
further use of cells of a particular type. Summary and
Sumnaesy a1d defaifkdasciptionrofdhe inMentionvent i on The present
invention provides a method of nodifying a biologica
sanpl e, conprising the steps of: (a) providing i
The pe&eil BvERIBRAIEVISs & nkkdadA h¥difing § bicloMail -l G Brifing th
p|$§hot osensi t ipve conpound t hat c]g} %e [ nd%ygeﬁagiﬁlcgﬂ?n & te
steps fr adi ation to inactivate or kill at |east part of the

oSORESHUNE o utele fomRS DIRET Br pTRgEh i bl Y borSensiive
compourdetheistan be irhd@canbpllighi Mr@etion dd iSetiosk] ik ISst part of the

. ofher _than the cells identified in step (c); and
respective cell;

(b) acquiring an image of at least a portion of the sample;

(c) identifying cells of interest in the sample image;

(d) selecting cells other than the cells identified in step (c); and

(e) irradiating only those cells selected in step (d) with a light beam so as induce the
photosensitive compound therein to inactivate or kill at least part of those cells, and thereby

enrich the sample with respect to the cells of interest for further analysis.

The technique proposed herein involves locating and identifying the cells of interest from a
population of live cells, preferably using one or more suitable markers, with suitable image
acquisition instrumentation capable of targeting an irradiating light beam onto a specific cell
or part of an unwanted cell. With the introduction of one or more suitable photosensitive

compounds, the irradiating light beam acts to modify the photosensitive compound. Based
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The uselbf a1 phopesnsitive compound enables enrichment in a well controlled manner,
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) Introduce photosensitive compound (optional);

4) Stimulate sample (optional);

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

6) Refine viewing parameters including focus (optional);
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Alternatively the population of cells may be a heterogeneous population of cells of different
cell types, or with some genetic variation, mutation or phenotype, or with different degrees

of transfection of an agent.

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. Alternatively 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 photo-cleavable link [Gurney 19997;
a ligand conjugated with a dye; a CALI reagent (a non-blocking antibody conjugated with a
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The viewing parameters which may be modified may include the focus, plane of focus, field
of view, excitation power level, wavelength and waveband, polarization, pulse regime, as
well as detector parameters such as wavelength sensitivity, exposure timing and duration,

location within a multi-sample holder, and the like.

The digital image set may comprise one or more of the following: 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 ultraviolet; a time

sequence; an image stack, or any combination of the above.
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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 coelenterazine; free radicals) a toxic substance, perforation of a cell wall,
transfection, ablation or other modification of specific structures such as microtubules; or

activation of a pathway such as apoptosis.

Further processing or analysis can include examination, harvesting, sorting, culture or

treatment of the sample by dispensing of reagenits.

The invention further provides apparatus for carrying out the techniques described herein,
which comprises: a detector for acquiring an image of at least a portion of the sample; a light

source for generating a light beam to irradiate a selected region of the sample; and a
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rel easing (a |um nescence substrate such as luciferin
[ Yang 1993] or coelenterazine; free radicals) a toxic

The F4BBikAMILsteP Blak VeMas@NoPHatd dbelited¥Rdh prévienSiRakitRs; acquired
abl ation or other nodification of specific structures

from otheh imeging anastalitied 6%-raprCRMRVAPEDh fofm alapphesesngr otheh external
sourcas apoptosis. Further processing or analysis can
Phcl ude exani nati on, harvesting, sorting, culture or
treatnment of the sanple by dispensing of reagents. The
i nvention further provides apparatus for carrying out

The lopationegeniomuad tires poibclar e draliationi Ontakerpraesesy ke based on
oGSl TP YRRl RO Bl SO, P L

beamto irradiate a selected region of the sanple; and
acontroller arranged to nmani pulate the light source to

g .

The apRpigtys gy ibat@nbigtied 481tk ¢ siiele sappleforal frgrataninie gequiring

. se el | n i [ .
moticR AL Sreaie (el WERTRE AP, WELFORIBY gRfiple pamples nay be
presemted oni Hdagem camiegawhéreby it entiplap diffaraini snnd Gowyr tdiffyrent cells,

... 2005]. The _classification step may be based on data

differgyredeqaly, ‘flffﬁ’iﬁﬂb?%‘(}lio&}ﬁ@n cqui sitions; acquired from

- other imaging nodalities (X-ray, CT, MR, PET); from

dat abases, or other externa

Further applications of the techniques disclosed herein may include:

- screening for activity of drug 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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Academic Press.Cains 1. A nethod of nodifying a

bi ol ogi cal sanple, conprising the steps of:



(a) providing a sanple conprising a plurality of cells
whi ch include a photosensitive conpound that can be
w0 pbaoes1by |ight irradiation to inactivate orP&I/GB2@u/000698
| east part of the respectivé cell; (b) acquiring an
i mage of at |least a portion of the sanple; (c)
identifying cells of interest in the sanple inage; (d)
selecting cells other than the cells identified in
step (c); and (e) irradiating only those cells
selected in step (d) with a |light beam so as induce
. the photosensitive conmpound therein to inactivate or
Claing§ || "at Ieast part of those cells, and thereby enrich
the sanple with respect to the cells of interest for
further analysis. 2. A nethod of claim1l mheretp t he
1. sahpiethaonfprodBangebiotpgifal sammercopprisdie|the BRSO and i n

A GRRS kg itk BrRASHE S iy AR FrldGRtud Bghodsensitive
compRAns kisd Saffhe aaldced ofy lighe isadimidnypeinactivite nr kileat feast part of the

subgroup of the plurality of cells which have a common
respegHeg @i eristic is identified. 4. A method of any

pr I " [ i jd:ed in step (b)
iégg%g%ﬁgﬁé%l ogg%gggggtg?gn?ggﬂggﬁﬁgﬂ%f interest are
i denidehiithg oells bémtdrest ibthe ssmpleiimpge; signals. 5. A
nmet hod of any of cl ai to 3.wherejn the ¢ells of
i rides %%tmgrcsﬁi’r%‘%ﬁftﬁlhf‘?g%‘:? @F%‘be{y{éc‘i‘stey <§ﬂ§?§sis of the
i bR | Rted¥n & WHIPE eght BéhniBABSinduce the
6@%%@?%%% Ogl?y gﬁf/é%erqgcsgditﬁg cltg?%@v\her eiQi% cells ar em Hee
photsaasitivd cepasd dhereintte imstivatn os kit (least gt of Bivgaerlisgangd thereby
. reasur e aneter aof a.cell wi m ned
envie ot by peada eI B meltst o A GASHT 3
nmeasured paraneter; by neans of a classifier based on

near est nei ghbour; using an artificial nﬁurélﬁpetv\orlf' d
2. usAngetho@ggpl@m 1yeeareip thm@mpl@’corggql% cphg P different cel types, an

.. recognjti.on; or i n . ic algorithm 7. A method

ms“i?f(%}a%{ﬂs f&@gﬁfcﬁgyéfpggfﬁaﬁ?gdh cells are identified as
of interest in step (c)

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 interest 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



by reference to: data obtained from other sanples; or

i mages or data relating to the sanple and acquired
waigiongosidi fferent inmaging nodality to that enpdDg8007/000698

step (b). 8. A nethod of any preceding clai mwherein

t he photosensitive conpound is one of the follow ng: a

CALI reagent; an uncaging agent; a photosensitizer. 9.

neigH%o g g a‘ﬁfar éﬁalpﬁe%?ﬁ%eﬂﬁorﬁl &ilp & BEipeet Vigtcr ridcBmedlising pattern
In ing t e phot osensi tive conmpound into each of

recogditmrplarnmingta)genétlccdgd)mhmlo A met hod of any of clains
1 to 8 wherein the photosensitive conpound is
genetically encoded in each of the plurality of cells.

7. 11a Rt SYofly QbecBivg RIAGSH REn 6418 4t Weatifibd aabf iinmt in step (c)
part of the selecte cells is killed in step

(e
by redueicedti data obtainsdfrass iogher @amblys,tq#émaé‘rws@%afd%migo% the sample

SRt At i S S T e

conmpound that is able to respond to Iight irradiation
to assist analysis of the sanple net hod of

8. préd’@@h@@oﬁﬂfﬁl TPGRA B2 HY w@erglaﬁ%ﬁr Bh%sr?ﬁ?lrlg% CORRTgFS bne of the

an as ue sanple; a
folloping: 8?@ %?3% iig %ﬁé%lg?‘é"%g% &)% B)[OS Ségé\lj san‘plmé an

organ; an enbryo; a part of an aninmal or a plant; or

an entire animal oy a p|ant 4. A nmethod of . an .
0. précenedobi meru ey HEhuihe SiePa e e e ppotosensitive
comp iR iR o Rak0 C§féc|f1%3%zﬁﬂy 6{3&311315 A net hod of any

recedi ng erein an inmge is acquired in step
(b) using one of the follow ng imaging techniques:

fl
0. | uﬁﬁ;&%ﬁ%‘g@y %Cg’éIPF th?i \%l’%ﬁﬁ‘?ll)é g“a?l peho 15 a%s\é\@%eon?x?pg)s pd is genetically

enco@é(ﬁn SEK Hfzﬂlglpﬁgamg,lotggématl on; fluorescence lifetine;
arization; or a nulti- phot on process. 16. A nethod

of any precedlng clai mwherein a sequence of inmges is

20U L0 e SRolds oANE IR b1 1e§§;daﬁrbfscf1§ Belbdd blls is killed

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

12. A method of any preceding claim wherein the sample comprises cells which include
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 of: 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.

14. A method 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;



17. A nmethod of claim16 wherein the sequence of
acqui red i nages conprises: brightfield inages;
wo bwoeseence i mages; confocal inmages at partiRCi/aB2007/000698
focal planes; fluorescencelBifetime images in a range;
I mages at particul ar wavebands fromthe infrared to
the ultraviolet; a tine sequence; an inage stack; or
lumﬂ?é/en(é@nt’\’vﬂ@flélﬁn E&%@eﬁf pidie BofRdstodDI; adﬂmcmred:edhrmgnauon
ai mwherein said further anaIyS|s conpri ses one of:
fluorescenme Mididt iney ;poleaizeiest; ion g ; meltirnhotay; pregdst.ur e; or
treatnment of the sanple by dispensing of reagents. 19.
Apparatus for nodifying a biological sample in
16. ac& QR AHHICEr Wyt PededilS HAEh GheDYa PERRACH ingdg@s M8 acquired in step
onprising: a detector for acquiring an i mage of at
(b), alné acentificapomtsteprichis catredvanpite refarepegyertha sRAUERST or
generating a light beamto irradiate a selected region
of the sanple; and a controller arranged to manipul ate
17. t hg thdtEdit oS elbing @ 6twhepeih Yhd seqaehcatcf @tjuireshihagearcompfises: bright-

each of a plurality of selected cells
field images; fluorescence unagyes confocaﬂ:mages at partlcular focal planes; fluorescence

lifetime images in a range; images at particular wavebands from the infrared to the

ultraviolet; a time sequence; an image stack; or any combination thereof.

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

reagents.

19.  Apparatus for modifying a biological sample in accordance with a method of any
preceding claim, comprising:

a detector for acquiring an image of at least a portion of the sample;

a light source for generating a light beam to irradiate a selected region of the sample;
and ‘

a controller arranged to manipulate the light source to only irradiate at least part of

each of a plurality of selected cells.



