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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This disclosure pertains in general to analyse a
sample for at least one analyte. More particularly, the
disclosure relates to colouring or staining a sample, such
as tissue, with luminescent particles to determine the
present or amount of at least one analyte in the sample.
Especially, the disclosure relates to colouring or staining
a sample with luminescent particles for histology, such
as histopathology, or cytopathology, particularly for im-
munohistochemistry or immunocytochemistry.

Background of the Disclosure

[0002] In histology, such as histopathology, or cytolo-
gy, such as cytopathology, several techniques are used
to study and analyse biological cells or tissues, for in-
stance immunohistochemistry (IHC) or immunocyto-
chemistry (ICC).
[0003] In immunohistochemistry, antigens, such as
proteins, are detected in cells on a sample of cells or a
slice of tissue. The antigens are detected by using la-
belled antibodies that bind to specific antigens in the bi-
ological cells or tissue. In histology, such as histopathol-
ogy, or cytology, such as cytopathology, colouring or
staining, for example Haematoxylin-eosin (H&E), immu-
nohistochemistry/immunocytochemistry (IHC/ICC) or
hybridizations, such as In Situ Hybridization (ISH), are
conventional standard routines for diagnosing atypical
biological cells, such as in areas with tumours or apop-
tosis. Colouring or staining, such as immunohistochem-
istry or immunocytochemistry, is also commonly used in
basic research to understand distribution and localization
of biomarkers and differentially expressed genes and
proteins in different parts of biological tissue. The bond
between antibodies and antigens may be visualised in
different ways. The most common practice is to conju-
gate, for example and antibody, to an enzyme, such as
peroxidase, which may catalyse a colour change in a
sample. An alternative is to label the antibodies with a
fluorophore, such as fluorescein or rhodamine. The uses
of fluorophores are restricted due to auto-fluorescence,
i.e. fluorescence from the tissue itself, and require special
and time-consuming preparations of the tissue sample
to be useful. When using fluorophores, the conventional
and preferred procedure based on formalin fixation and
paraffin embedding suffers from even higher levels of
auto-fluorescence than from the unprocessed tissue.
[0004] Other known drawbacks with traditional colour-
ing and staining method are too strong background stain-
ing or weak target staining. Other drawbacks are that
some stains or dyes, for example used for counterstain-
ing for IHC/ICC, may have a fluorescence that interfere
with reporters used for locating specific analytes. There

are also some stains or dyes, for example used for coun-
terstaining for IHC/ICC, that may absorb in a wavelength
range that interfere either with the excitation or the emis-
sion of some reporters used for locating specific analytes.
[0005] These issues may decrease the contrast and
resolution of the images used for diagnosis of a sample.
One example is the commonly used haematoxylin and
eosin both chromophores have strong absorbance in the
visible region and eosin is highly fluorescent over much
of the visible spectrum. This means that a single section
cannot be co-stained with most types of immunofluores-
cence for IHC/ICC or hybridizations. Co-staining haema-
toxylin and/or eosin (H&E) with coloured pigment for
colorimetric IHC/ICC or hybridization may also be a prob-
lem since these may be opaque and obscure the coun-
terstaining, such as H&E staining. There are also the
issues of spectral overlap both when doing chromogenic
imaging or a fluorescence imaging, which means that the
spectra of the labelling reporters and the counterstaining
dye is so close that they cannot be resolved or distin-
guished between.
[0006] To overcome these problems counterstained
images and IHC/ICC/hybridization images are routinely
correlated to one another through serial sectioning and
imaging of complimentary regions on different sections
of the same tissue specimen, but these methods suffer
alignment impediments due to the fact that staining is
completed on sections that are at best 3-10 mm apart.
The same applies when multiplexing for detecting more
than one analyte where each analyte often requires its
own section. Multiple consecutive sections may not only
cause problem with co-registration but requires a larger
sample, such as a thicker tissue section or biopsy, or
more cells, than normally obtained.
[0007] On top of these issues, there are other things
that need to be considered such as photo-bleaching and
that different dyes, stains and reporters may react with
each other and become chemically unstable and lose
their properties.
[0008] A vast array of chromogenic and fluorescent
dyes has been developed to fit different experimental de-
signs. These dyes can either be non-specific, staining
most of the cells in the same way, or specific, selectively
staining particular cellular compartments or chemical
molecules within cells/tissues. Also, different protocols
have been developed to help to overcome some of these
drawbacks. Many of these protocols are complicated and
time-consuming and include compromises.
[0009] An alternative to conventional labelling report-
ers for IHC/ICC and hybridization, quantum dots have
been used and tried. Even though a lot of publications
have been showing good results and quantum dots have
been readily and commercially available on the market
for a long time (almost 20 years), they are still not used
in normal routines but mainly used for research. There
has been reports that reasons may be issues related to,
for example, stability compared to traditional small mol-
ecule dyes and stains, especially for the larger quantum
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dot particles with longer wavelengths, "Evaluation of
quantum dot conjugated antibodies for immunofluores-
cent labelling of cellular targets" Jennifer E. Francis et
al, Nanotechnol. 2017, 8, 1238-1249. Most of the suc-
cessful studies have been done in the UV/deep blue and
visible region (about 400nm to 700nm) where the main
advantage of the quantum dots over more standard types
of dyes and stains are the narrower fluorescence bands
which normally is in the range of around 10 to 20 nm.
[0010] It is a desire to have an improved and simplified
procedure that can save time and cost when analysing
samples for analytes. A further desire would be to have
the option of doing multiple colouring or staining for si-
multaneous analysis of a sample for more than one an-
alyte. A further desire is to be able to perform examination
of a small amount of sample.

SUMMARY OF THE INVENTION

[0011] Accordingly, examples of the present disclo-
sure preferably seek to mitigate, alleviate or eliminate
one or more deficiencies, disadvantages or issues in the
art, such as the above-identified, singly or in any combi-
nation by providing a device, system or method according
to the appended patent claims for analysing a sample for
at least one analyte.
[0012] The disclosure relates to colouring or staining
a sample using target specific moieties or probes. The
target specific moieties or probes may be conjugated to
luminescent particles, such as fluorescent particles, such
as upconverting particles (such as upconverting nano-
particles), or other particles, such as quantum dots.
[0013] Each type of moiety or probe used may be con-
jugated to a different kind of luminescent particles. Hence
multiple colouring or staining may be applied, thereby
more than one type of analyte may be analysed in the
same sample, such as from the same section. For ex-
ample, the targeting moieties or probes may be used for
determining the distribution or the concentration of dif-
ferent analytes in a sample. Further, the distribution of
the analytes in the sample may also be determined in
two or three dimensions.
[0014] The analysed sample may be a sample of bio-
logical cells or tissue. In some examples, the analysis is
histopathology, in particularly immunohistochemistry, or
cytopathology, in particularly immunocytochemistry, or
hybridization for detecting at least one analyte, such as
antigens or proteins, in cells of a sample, such as in a
section of tissue. The sample may be prepared using a
conventional procedure of formalin fixation and paraffin
embedding.
[0015] The sample, such as a section of tissue, may
then be viewed using a microscope or another type of
imaging instrument, such as a high-resolution camera.
[0016] Alternatively, in some examples, the sample for
histopathology, particularly immunohistochemistry, or
cytopathology, particularly immunocytochemistry, or hy-
bridization may be prepared using conventional freezing

and slicing procedures, it may also be a free-floating sec-
tion or similar known to the person skilled in the art.
[0017] In some examples of the disclosure, the sam-
ples may be liquid samples, such as body fluids, such as
blood or plasma. Additionally, in some examples, the
analysis may be used for biochemistry, such as using
ELISA, such as micro-ELISA. Additionally, in some ex-
amples, the analysis may be used for microbiology.
[0018] The samples may be analysed for target ana-
lytes being, for example, antigens, antibodies, proteins,
cellulose (cell membrane), carbohydrates (such as sac-
charides), or nucleic acid (e.g. DNA or RNA).
[0019] The samples may be analysed using fluores-
cence-microscopy. The fluorescence-microscopy may
be digitalised and/or automatic.
[0020] In some examples, the analysis of the sample
may be used for providing support in diagnosing a sub-
ject, such as a human or animal.
[0021] In one aspect of the disclosure, a method of
imaging least one analyte in a biological sample is dis-
closed. The method comprising contacting the sample
with at least one targeting moiety or probe, wherein each
different targeting moiety or probes of the at least one
targeting moiety or probe specifically may bind a different
analyte of the at least one analyte, and wherein each
different targeting moiety or probe of the at least one
targeting moiety or probe may be labelled with a different
luminescent particle. The luminescent particle may be
an upconverting particle.
[0022] The method may further include obtaining a first
image by detecting a signal from the luminescent particle
associated with the at least one targeting moiety or probe
bound to said sample.
[0023] Also, the method may include obtaining a sec-
ond image from the sample, wherein the second image
is a bright-field image of the sample without counterstain.
The second image may in some examples be an image
of the sample counterstained or coloured using a dye or
stain.
[0024] Further, the method may include combining the
first image with the second image to obtain a combined
image.
[0025] In some example of the disclosure, the sample
may be counterstained or coloured using a conventional
dye or stain.
[0026] In some examples of the disclosure may the
method relates to histology, such as immunohistochem-
istry (IHC), or cytology, such as immunocytochemistry
(ICC), or hybridizations, such as In Situ Hybridization
(ISH).
[0027] In some examples of the disclosure may the
probe be a complementary DNA, RNA or modified nu-
cleic acids strand that localize the at least one analyte
being a DNA or RNA sequence.
[0028] In some examples of the disclosure may the
method include analysing the combined image for de-
tecting a presence or amount of the at least one analyte.
[0029] In some examples of the disclosure may the
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second image of the counterstained sample be obtained
using, Microscopy with Ultraviolet Sectioning Excitation
(MUSE), bright-field or fluorescence depending on type
of counterstain used.
[0030] The main advantages with the disclosed meth-
od are that no background may be picked up during the
detection since the fluorescent light from the particles
may fluoresce at a different wavelength than the auto-
fluorescent light from the background. The auto-fluores-
cent light may origin from the sample itself, such as from
the tissue, or from materials introduced in the process of
preparing the sample, such as from the fixation and par-
affin embedding. The emission of the luminescent parti-
cles, such as the fluorescent particles may be anti-Stokes
shifted or Stokes shifted, for examples are upconverting
particles (such as upconverting nanoparticles) normally
anti-Stokes shifted and quantum dots Stokes-shifted.
The Stokes or anti-Stokes shift may be used to spectrally
filter out signal from the particles from the background.
The background may consist of light from a light source,
for instance the light source illuminating the sample, or
light sources in the laboratory environment, or from flu-
orescence from the sample itself (auto-fluorescence) or
other fluorescent molecules, substances or particles that
are intentionally or non-intentionally existing in the sam-
ple. A conventional procedure may thereby be used,
which will save time and cost compared to the procedures
involving standard fluorophores.
[0031] A further advantage is that multiple colouring or
staining is possible simultaneously, as the emission
spectrum from each kind of luminescent particles, such
as the fluorescent particles used may be very narrow.
For example, by using differently doped upconverting
particles (such as upconverting nanoparticles), or differ-
ent types of quantum dots distinguishable emission spec-
tra may be obtained. Each emission spectra will relate
to a specific type of particle which bound to a specific
target.
[0032] The use of luminescent particles, such as fluo-
rescent particles, that are anti-Stokes shifted or Stokes
shifted may increase the contrast. Also, the use of lumi-
nescent particles, such as fluorescent particles, that are
anti-Stokes shifted or Stokes shifted may increase the
resolution. This may be used for improving digitalised
analyses and allow for automatization of the analyses.
[0033] Another advantage is that photobleaching may
be prevented.
[0034] The method may be used for human samples
or samples from animals.
[0035] It should be emphasized that the term "compris-
es/comprising" when used in this specification is taken
to specify the presence of stated features, integers, steps
or components but does not preclude the presence or
addition of one or more other features, integers, steps,
components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other aspects, features and advan-
tages of which examples of the disclosure are capable
of will be apparent and elucidated from the following de-
scription of examples of the present disclosure, reference
being made to the accompanying drawings.

Fig. 1 is illustrating an example of a method of ana-
lysing a sample for at least one analyte;
Fig. 2 is illustrating a further example of a method of
analysing a sample for at least one analyte;
Figs. 3A to 3C are illustrating an example of immu-
nocytochemistry (ICC) using upconverting particles
combined with a brightfield image;
Figs. 4A to 4C are illustrating another example of
immunocytochemistry (ICC) using upconverting par-
ticles combined with a brightfield image; and
Figs. 5A to 5C are illustrating an example of immu-
nohistochemistry (IHC) using upconverting particles
combined with a brightfield image being counter-
stained.

DESCRIPTION OF EXAMPLES

[0037] The following disclosure focuses on examples
of the present disclosure applicable to determining the
concentration or distribution of analytes in samples. The
sample may be placed on transparent slides that are suit-
able for fluorescent microscopy. The disclosure may be
especially advantageous for histology, such as histopa-
thology, and in particularly immunohistochemistry (IHC).
The disclosure may further be advantageous for cytolo-
gy, such as cytopathology, and immunocytochemistry
(ICC). The disclosure may also be advantageous for hy-
bridization, such as in situ hybridization, and in particular
fluorescent in situ hybridization (FISH). However, it will
be appreciated that the description is not limited to this
application but may be applied to many other types of
analysis, samples, moieties, and targets.
[0038] Fig. 1 is illustrating a method 1000 of analysing
a sample for at least one analyte. The sample may be
biological sample, such as a slice of tissue, a sample of
cells, or liquid samples to be viewed under microscope,
such as fluorescence microscopy. The method compris-
ing contacting 1001 the sample with at least one targeting
moiety or a probe. Each different targeting moiety or
probe of the at least one targeting moiety or probe spe-
cifically binds a different analyte of the at least one ana-
lyte in the sample. Further, the targeting moiety or probe
of the at least one targeting moiety or probe is labelled
with one or several luminescent particles, such as con-
jugated to luminescent particles, such as fluorescent par-
ticles, such as upconverting particles, such as upcon-
verting nanoparticles, or quantum dots.
[0039] The luminescent particles are a class of contrast
agents for bio-imaging. The luminescent particles, such
as fluorescent particles may emit Stokes or anti-Stokes
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shifted light when excited at particular wavelengths. For
example, particles may emit anti-Stokes shifted light
(such as visible light) when excited at a particular wave-
length, such as infrared or near-infrared light, for example
at 975 nm. Additionally and/or alternatively, some upcon-
verting particles may also emit Stokes shifted fluorescent
light at a longer wavelength in the infrared or near-infra-
red light, such as around 1500 nm. This light may also
be used as it is outside of the wavelength range of auto-
fluorescent light emitted from the background, such as
from the biological sample itself, such as tissue, or from
the fixation and embedding of the sample. In some ex-
amples, emitted Stokes and anti-Stokes shifted light from
the same particles may be used when analysing the sam-
ple.
[0040] Examples of Stokes shifted quantum dots may
be excited by light in the UV-region (such as below
350nm). They may also be excited by light in the red or
near-IR region (such as 800 nm) where the tissue pen-
etration depth is relatively large. The particles will emit
light at a much longer wavelength than the excitation light
preferably in a wavelength region where the auto-fluo-
rescence is much weaker. For particles excited in the
UV-region the emitted light may be in the visible region
and for particles excited in the red or near infra read re-
gion the emitted light may be in the near infrared or in-
frared region, such as at around 1500nm or longer.
[0041] The Stokes or anti-Stokes shift may provide an
improved contrast signal compared to conventional fluor-
ophores, as the auto-fluorescence from the tissue may
be eliminated using filters. Especially tissue that is par-
affin embedded has a strong background auto-fluores-
cence that makes it hard to use conventional fluoro-
phores as labels without time consuming and costly prep-
arations of the samples. Hence, apart from improving the
contrast, luminescent particles, such as fluorescent par-
ticles, such as upconverting particles (such as upcon-
verting nanoparticles), or quantum dots, may save time
and cost as conventional formalin fixation and paraffin
embedding may be used. The labelled target moiety or
probes may be used in histology, such as histopathology
and in particular immunohistochemistry, or cytology,
such as cytopathology and in particular immunocyto-
chemistry, or hybridizations, such as in situ hybridization
(ISH), in combination with counterstaining, such as
standard counterstaining used in histology, and in par-
ticularly immunohistochemistry, cytology, and in partic-
ularly immunocytochemistry, or hybridizations, such as
in situ hybridization (ISH). Different detection method
may be used such as bright-field fluorescence or MUSE.
MUSE uses Ultraviolet light, for example at about 280
nm, from an LED arranged to provide oblique illumina-
tion. The light is used to excite just the surface layer of
tissue that has been briefly (~10 seconds) stained using
fluorescent dyes. Unlike light of longer wavelength, 280-
nm light only penetrates to a depth of 10 microns or less,
and thus excites fluorescent signals, conveniently in the
visible range, only from the cut specimen surface. The

images, which can be diffraction-limited, are captured
using conventional microscope optics and a standard col-
our camera. Standard counterstains may be chromoge-
nic or based on fluorescence. The dyes or stains may
either be non-specific, staining most of the cells in the
same way, or specific, selectively staining particular or-
ganells or cellular compartments or chemical molecules
within cells/tissues, such as the nuclear by targeting nu-
clear acids cell walls or membranes. Examples of coun-
terstains are, Haematoxylin and Eosin (H&E) staining,
either each alone or combined, DAPI, Hoechst stain, Me-
thyl green, Methylene blue, toluidine blue, DRAQ5,
DRAQ7, Neuclear fast Red, Gram staining, PAS staining,
Rhodamine, Nile blue, Nile red, Propidium iodide, SY-
TOX green, and many more known by the person skilled
in the art.
[0042] Most upconverting particles are non-linear
fluorophores. In the context of the present application, a
"non-linear marker" is a luminescent marker, wherein a
luminescence (L) of the marker is not linearly dependent
on the radiant flux of excitation light (E). Non-linear mark-
ers thus have a luminescence according to: L=k*E^x,
wherein x>1, and wherein k is a positive constant. The
non-linear markers may also have a luminescence ac-
cording to the following relationships:
L=k*E^x + b, L=k(E)*E^x + b, L=k(E)*E^x + b(E), or
L=k*E^x + b(E), where k and b are material constants
that are either constant or depending on the local field of
excitation light (E), i.e. for k(E) and b(E). In comparison
to conventional luminescence imaging, non-linear mark-
ers (or fluorophores) may thus require more than one
photon for excitation. This may drastically decrease the
excitation volume and provides a more localized excita-
tion point. In this manner, contrast and resolution of lu-
minescent imaging is improved. This may also improve,
contrast and resolution of the emitted fluorescent light
signal in luminescent imaging of absorbing and scattering
media. Examples of the present invention may take ad-
vantage of this effect.
[0043] The excitation light is preferably pulsed and
each pulse may be from a few ms to a couple of ms, such
as 10 ms to 10 ms, such as such as 100 ms to 10 ms,
such as 100 ms to 1 ms, such as 10 ms to 1 ms, such as
100 ms to 100 ms, such as 1 ms to 10 ms, such as 1 ms
to 100 ms, which have shown to archive a higher yield
in the signal relative to the excitation power compared to
shorter excitation signals, such as ns, ps, fs.
[0044] Upconverting particles (such as nanosized up-
converting particles) are for instance lanthanide doped
oxides, for example diyttrium trioxide (Y203), which are
easy to fabricate. Other upconverting particles (such as
nanosized upconverting particles) are for instance lan-
thanide doped fluorides, which may have higher efficien-
cies than oxides. The higher efficiencies may be ex-
plained by the low phonon energies in fluorides, which
lower the probability for non-radiative decay.
[0045] Further upconverting particles (such as upcon-
verting nanoparticles) are for instance made of sodium
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yttrium tetrafluoride (NaYF4), co-doped with either
Yb3+/Er3+ or Yb3+/Tm3+. NaYF4 can crystallize in two
phases, cubic or hexagonal, called α-NaYF4 and β-
NaYF4, respectively. The upconverted luminescence
from the β-phase material is approximately one order of
magnitude higher compared to the upconverted lumines-
cence from the α-phase.
[0046] The non-linear fluorophores may be water sol-
uble, allowing for easy administration in certain applica-
tions, such as in solutions for intravenous, peroral, or
enteral administration.
[0047] A way to provide upconverting particles as wa-
ter soluble, is to coat the particles with a structure that is
polar, such as hydrophilic. Coatings may for instance be
made of polymers or silica. Both synthetic polymers, for
example, Polyethylene glycol (PEG), and natural poly-
mers may be used for the coating. These polymers are
stable in biological environments and do not interfere with
the optical properties of the crystals, such as nanocrys-
tals, in any significant negative way.
[0048] Water soluble upconverting particles may be
provided without coatings. Hydroxyl groups may be at-
tached to the surfaces of the upconverting particles, ei-
ther by chemical bonds or physical absorption. Hydroxyl
groups are by definition formed by covalent binding, and
the final structure has polar properties.
[0049] Advantages of using upconverting particles are
that biological samples, such as sections of tissue,
should preferably be able to be stored for a long time and
upconverting particles has a long lifetime. Upconverting
particles will not easily photo-bleach and are very stable
and will not react with other dyes and stains. This means
that a sample can be stored for one month or longer and
the analysis may still be repeated.
[0050] In some examples, the at least one targeting
moiety may be an analyte specific ligand, such as a tu-
mour-specific ligand. The ligand binds a receptor at the
target analyte and different ligands may bind to different
receptors at different target analytes. In some examples,
the at least one targeting moiety such as a ligand, may
be an antibody, an antigen, a hormone, a drug, a frag-
ment antigen binding, an affibody molecule, an enzyme,
a protein, or a peptide. Fragment antigen-binding is a
region of an antibody that binds to an antigen generated
in laboratory, examples are Fc, F(ab’), F(ab’)2 or Fab.
[0051] Affibody molecules are small proteins engi-
neered to bind to target peptides or proteins with high
affinity, imitating monoclonal antibodies. Affibody mole-
cules are therefore considered antibody mimetics which
are normally organic compounds that, like antibodies,
may specifically bind antigens but are not structurally re-
lated to antibodies. They are usually artificial peptides or
proteins. Nucleic acids or small molecules are sometimes
considered antibody mimetics too. Common advantages
over antibodies are better solubility, tissue penetration
and low production costs.
[0052] Probes may be complementary DNA, RNA or
modified nucleic acids strand used for to localizing a spe-

cific DNA or RNA sequence in a portion or section of a
sample. Probes are normally used for in-situ hybridiza-
tion.
[0053] By having each different type of targeting moiety
or probes used for colouring or staining the sample la-
belled, for example conjugated, to different upconverting
particles (such as upconverting nanoparticles) multiple
analytes may be detected simultaneously in a sample.
For example, the emission from upconverting particles
(such as upconverting nanoparticles) are very narrow in
the range 10 to 20 nm, and different kinds of particles
may have very distinguishable emission spectra. Hence
the particles may provide the possibility to detect and
analyse multiple analytes in a sample simultaneously as
there is no overlap in the colouring or staining of the dif-
ferent analytes. This is normally not possible with con-
ventional colouring or staining techniques where fluoro-
phores or colour staining are used. Especially not when
using paraffin embedding techniques. Alternatives to us-
ing paraffin is frozen or free-floating sections.
[0054] The targeting moiety or probe may be conjugat-
ed to the upconverting particles using different methods,
for example the targeting moieties or probe may be di-
rectly conjugated to the upconverting particle by covalent
or non-covalent chemistry. Alternatively, and/or addition-
ally, in some examples, the targeting moiety or probe
may be conjugated to the upconverting particles by linker
chemistry, such as using an adaptor molecule to link the
targeting moieties or probe to upconverting particles.
[0055] Further, functionalization of the upconverting
particles may be made in similar ways than functionaliz-
ing quantum dots, such as described in X. Gao et. al., In
vivo cancer targeting and imaging with semiconductor
quantum dots, Nature Biotechnology, 22, 8:969-976,
2004, which is incorporated herein in its entirety for all
purposes. In Gao et. al. methods are described that are
applicable on upconverting rare-earth doped particles
(such as nanoparticles). The upconverting particles used
in an example in this disclosure were NaYF4-crystals pre-
pared according to the method described in G. Yi et. al.,
Synthesis, characterization, and biological application of
size-controlled crystalline (such as nanocrystalline)
NaYF4:Yb, Er infrared-to-visible upconversion phos-
phors. Nano Letters, 4, 11:2191-2196, 2004, doped with
a combination of Yb3+ and Tm3+.
[0056] After the sample has been coloured or stained,
a signal may be detected 1002 from the upconverting
particles associated with the at least one targeting moiety
or probe bound to the sample. The presence, distribution
or amount of at least one analyte may thereby be detect-
ed in the sample.
[0057] The samples may be viewed using microscopy,
such as fluorescent microscopy, that can excite the up-
converting particles by illuminating with a particular
wavelength of light. In some example a filter is used for
filtering out the fluorescent light. Additionally, and/or al-
ternatively, in some examples the filter is a time delay.
The auto-fluorescent light from the background, such as
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from a formalin fixated and paraffin embedded tissue
sample, or from the tissue sample itself, may be emitted
for a shorter period of time than the fluorescent light from
the particles. By not detecting or not using detected flu-
orescent light from a first period of time, such as 1 ms,
such as 0.5ms, such as 0.1ms, after the excitation, the
fluorescent light from the particles may be filtered out
from the auto-fluorescent light of the background, i.e. the
auto-fluorescent light from the background may be su-
pressed.
[0058] The fluorescent microscopy may be a conven-
tional fluorescent microscopy wherein the light source
and the detector has been selected to be used with the
luminescent particles used. When a filter is required, the
filter will also be adjusted to suit the emission spectra of
the luminescent particles.
[0059] The fluorescence microscopy may be used in
reflectance mode or transmission mode, or the micros-
copy may be a confocal fluorescent microscopy.
[0060] The fluorescent microscopy may be a micro-
scope wherein an eye-piece is used for visually study the
samples. In some examples, the microscope is in a hous-
ing generating a digitalised image that may be analysed
manually or automatically using image processing algo-
rithms.
[0061] A housing may be used to shield the sample
from the ambient background light that may interfere with
the detection of the fluorescent light. In some examples,
a manual fluorescent microscope may also have a hous-
ing for shielding the sample when being visually ana-
lysed.
[0062] Alternatively, in some examples, techniques
used for analysing the samples are described, for exam-
ple, in WO2010/128090 and WO2014/006012, both
which are hereby incorporated by reference in their en-
tirety.
[0063] Fig. 2 is illustrating another method 2000 ac-
cording to the disclosure. The method 2000 may include
the techniques described in connection to the method of
Fig. 1. Fig. 2 illustrates in particular a method 2000 of
analysing a sample for at least one analyte in a biological
sample. The sample may be fixated using paraffine or
being frozen or free-floating. The sample could also be
a liquid. The method 2000 is advantageously used for
histology, such as immunohistochemistry (IHC), or cytol-
ogy, such as immunocytochemistry (ICC). But may also
be used for hybridizations, such as in situ hybridization
(ISH) and in particular fluorescing in situ hybridization
(FISH). The method includes contacting 2001 the sample
with at least one targeting moiety or probe, wherein each
different targeting moiety or probe of the at least one
targeting moiety or probe specifically may bind a different
analyte of the at least one analyte. Each different target-
ing moiety or probe of the at least one targeting moiety
or probe may be labelled with a different luminescent
particle. The luminescent particle may be an upconvert-
ing particle.
[0064] The method 2000 may further include obtaining

2002 a first image by detecting a signal from the lumi-
nescent particle associated with the at least one targeting
moiety or probe bound to the sample.
[0065] The method 2000 may further include obtaining
2003 a second image from the sample, wherein the sec-
ond image may be a bright-field image of the sample
without counterstain, or wherein the second image is an
image, of the sample being counterstained or coloured
using a dye or stain.
[0066] In some examples may the second image of the
counterstained sample be obtained using, for example,
MUSE, bright-field or fluorescence. The detection meth-
od used depends on the type of counterstain.
[0067] The method 2000 may also include combining
2004 the first image with the second image to obtain a
combined image. Additionally, in some examples the
combined image is analysed for detecting the presence
or amount of the at least one analyte. The detection may
be qualitative or quantitative, and may also be based on
the location of the detected light from the upconverting
particles. The information may be combined with other
detected information from the combined image, such as
information from other staining methods, such as the
counterstaining or traditional immunohistochemistry, im-
munocytochemistry, or Hybridization staining. The infor-
mation may also be combined with bright-field informa-
tion of the sample without counterstaining, if available.
[0068] The advantages with this method is that the
same sample or section may include both the IHC stain-
ing, its counterstaining and the luminescent staining to
detect the analyte. The second image which include the
IHC staining and/or counterstaining may both give further
information of the sample but will also give information
about the morphology and/or the localisation of the tar-
geted analytes. Since it may be done on the same sam-
ple, there is no issues with co-registration. Co-registra-
tion is an issue when different consecutive sections have
to be used for the non-stained or counterstained image,
and the fluorescing image used for detecting the targeted
analytes. This will increase the contrast and the resolu-
tion, improving the analysis of the sample. Further, since
the upconverting nanoparticles have very narrow spec-
tral peaks, around 10 to 20 nm, the risk for overlapping
is very low when using more than one label for detecting
more than one analytes from the same sample or section.
Hence multiplexing is possible without using multiple
consecutive sections. The multiplexing on the same sam-
ple, such as section, may be done either by having all
labels of the staining being upconverting particles, or a
combination of upconverting particles and traditional im-
munohistochemistry, immunocytochemistry, or Hybridi-
zation staining, since the narrower spectral peak com-
bined with the fluorescence at longer wavelengths re-
duce the risk of overlapping. This may be an advantage
when a traditional immunohistochemistry, immunocyto-
chemistry, or Hybridization staining works very well for a
specific analyte but it’s hard due to spectra overlapping
to detect more than one analyte from the same sample
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using traditional staining.
[0069] The multiplexing may again improve the con-
trast and resolution, but most of all reduce the amount
of biological sample needed. This is an advantage since
most regular biopsies are small. This applies especially
to immunocytochemistry or fluid cytometry where very
few cells (in the range of 10) may be analysed. These
cells may be extracted from a biopsy fluid. This is for
example common for lung biopsy when a thin needle is
employed to avoid damaging blood vessels.
[0070] The contrast and resolution may further be im-
proved since there is no need to use common methods
to reduce the auto-fluorescence which may decrease the
strength of the detected fluorescence. Instead, the up-
converting particles may be selected to have a fluores-
cence which is emitted at a longer wavelength in the near
infrared or infrared region where the auto-florescence is
so weak that it is neglectable or does not exist. The auto-
fluorescence may be emitted for a shorter period of time
than the fluorescent light from the upconverting particles,
and by not detecting or not using detected fluorescent
light from a first period of time, such as 1 ms, such as
0.5ms, such as 0.1ms, after the excitation, the fluores-
cent light from the particles the auto-fluorescent light may
be filtered out while still detecting a strong fluorescence.
Other issues related to absorbance and/or fluorescence
of common stains are also reduced due to both excitation
and emission with higher wavelengths.
[0071] This will make it easier to select a counterstain
or a plurality of counterstains for highlighting different part
of the cells structures to improve the morphology and
localisation, since only the spectral overlapping of the
counterstains may need to be considered.
The improved contrast resolution and simple multiplexing
may improve the diagnosis for immunohistochemistry,
immunocytochemistry as well as for hybridizations. The
increased contrast and resolution is an advantage when
performing digitalization and/or automatic analysis of the
images. Further, the improved contrast and resolution
may also be an advantage when using artificial intelli-
gence for the analysis combined with a reduced amount
of artifacts due to no issues with co-registration.
[0072] Figs. 3A to 3C are illustrating one example of
the above described method of Fig. 2 on a cultured MCF-
7 cells sample using immunocytochemistry. Fig. 3A is a
non-counterstained bright-field image of the sample. Fig
3B is showing a fluorescence image of upconverting na-
noparticles stained to the sample. The detection method
was: mAb anti-Beta actin (Host: Mouse), and Goat anti-
Mouse conjugated to the particle. The particles were
Thulium doped upconverting nanoparticle or Lanthanide
upconverting nanoparticle excited at 974nm and detect-
ed below 830nm.
[0073] Fig. 3C is showing a combined image of Figs.
3A and 3B. It is clear form this combined that the com-
bination gives a clear image of the localisation of the flu-
orescing particles in relation to the cell structures.
[0074] Figs. 4A to 4C are illustrating one example of

the above described method of Fig. 2 on a cultured MCF-
7 cells sample using immunocytochemistry. Fig. 4A is a
non-counterstained bright-field image of the sample. Fig
4B is showing a fluorescence image of upconverting na-
noparticles stained to the sample. The detection method
was: mAb anti-Beta actin (host:Mouse), Biotinylated
Goat anti-Mouse, and Neutravidin conjugated to the par-
ticle. The particles were Thulium doped upconverting na-
noparticle or Lanthanide upconverting nanoparticle ex-
cited at 974nm and detected below 830nm Fig. 4C is
showing a combined image of Figs. 4A and 4B. It is clear
form this combined image that the combination gives a
clear image of the localisation of the fluorescing particles
in relation to the cell structures.
[0075] Figs. 5A to 5C are illustrating one example of
the above described method of Fig. 2 on a human colon
tissue sample using immunohistochemistry as the detec-
tion method. Fig. 5A is showing a bright-field image of
the sample counterstained with Haematoxylin. Fig 5B is
showing a fluorescence image of upconverting nanopar-
ticles stained to the sample. The detection method was:
mAb anti-PCK (host: Mouse), and Goat anti-Mouse con-
jugated to the particle). The particles were Thulium doped
upconverting nanoparticle or Lanthanide upconverting
nanoparticle excited at 974nm and detected below
830nm. Fig. 5C is showing a combined image of Figs.
5A and 5B. It is clear from the combined image that the
combination gives a high contrast image of the localisa-
tion of the fluorescing particles in relation to the cell struc-
tures.

Examples

[0076] In some examples, the targeted biomarkers
may be Ku70/80, PSA, hK2 and the HER2, all expressed
in prostate carcinoma to varying extents. The antibody-
functionalized particles may be tumor targeting by em-
ploying tumor-specific ligands, such as antibodies, its
F(ab’), F(ab’)2 or Fab, or small molecules which recog-
nize tumor-associated antigens in the prostate cancer
microenvironment. The advantage of this targeting com-
pared to passive targeting (non-tumor specific biomole-
cule), is the highly specific interactions between the lig-
ands and the tumor antigens, enhancing the tumor re-
tention of the particle constructs and at the same time
minimize the unspecific binding to non-target cells. Ex-
amples of ligands are:
The INCA-X antibody, a human IgG1 antibody with spe-
cificity for epitopes associated with the Ku70/Ku80 com-
plex that has been shown to specifically bind to and rap-
idly internalize in an aggressive prostate cancer cell line
(PC-3).
[0077] The 5A10 antibody, a murine antibody with spe-
cificity for the free prostate specific antigen, fPSA which
is frequently used as in PCa diagnostics. PET-imaging
using 89Zr-DFO-5A10 was successful in finding prostate
cancer expressing tumors and in bone metastases in
mice.
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[0078] The 11B6 antibody, both in murine and human-
ized versions. This antibody targets the human kallikrein
2 (hK2), a protease with approximately 80% homology
with PSA.
[0079] The affibody molecules are a class of small mol-
ecules that are highly specific and strong binders to the
target HER2, which are overexpressed in 30% of all
breast cancers and in 12-64% in prostate cancer. PET
imaging of HER2 expression in breast cancer using affi-
body molecules are well studied and clinical studies are
now ongoing.
[0080] In order to label target cells, the particles have
to be functionalized with the targeting molecule on their
surfaces. Antibodies, e.g. the ones mentioned above,
may be used and their Fab, F(ab’), and F(ab’)2 fragments
and Affibody molecules. In general, small molecules are
attractive due to high purity and less immunogenicity.
Also, the functionalized upconverting particles can be
kept small (on the order of 20 nm). Successful bioconju-
gations of targeting moieties to the upconverting particles
are important and can be done using traditional direct
conjugation methods: carboxyl-modified and amine-
modified chemistry (covalent) and non-covalent chemis-
try (relies on electrostatic binding), that are applied during
particle preparation. However, direct conjugation with un-
modified antibody-based targeting agents gives low in-
corporation efficiency. Another suitable method for at-
taching targeting agents to particles is the use of linker
chemistry of, e.g. SMCC, NHS-PEG-MAL, SPDP linker
for amine-reactive particle and NHS-ester for carboxyl-
reactive particles. Recently, the evolution of bioconjuga-
tion strategies based on click chemistry have shown to
give high reaction efficiency and provide more chemose-
lective reactions. Affibody molecules have been investi-
gated using this method described.
[0081] While several examples of the present disclo-
sure have been described and illustrated herein, those
of ordinary skill in the art will readily envision a variety of
other means and/or structures for performing the func-
tions and/or obtaining the results and/or one or more of
the advantages described herein, and each of such var-
iations and/or modifications is deemed to be within the
scope of the present disclosure. More generally, those
skilled in the art will readily appreciate that all parameters,
dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configura-
tions will depend upon the specific application or appli-
cations for which the teachings of the present disclosure
is/are used. Also, different method steps than those de-
scribed above, performing the method by hardware, may
be provided within the scope of the disclosure. The dif-
ferent features and steps of the disclosure may be com-
bined in other combinations than those described. The
scope of the disclosure is only limited by the appended
patent claims.

Claims

1. A method of imaging at least one analyte in a bio-
logical sample for histology, cytology, or hybridiza-
tions used for support in diagnosing a subject, the
method comprising:

providing said sample being a section of tissue,
a sample of cells, or a liquid obtained from said
subject;
contacting said sample with at least one target-
ing moiety or probe, wherein each different tar-
geting moiety or probe of said at least one tar-
geting moiety or probe specifically binds a dif-
ferent analyte of the at least one analyte, and
wherein each different targeting moiety or probe
of said at least one targeting moiety or probe is
labelled with a different luminescent particle,
wherein said luminescent particle is an upcon-
verting particle; and
obtaining a first image by detecting a signal from
said luminescent particle associated with said
at least one targeting moiety or probe bound to
said sample;
obtaining a second image from said sample
wherein said second image is a bright-field im-
age of said sample without counterstain, or
wherein said second image is an image of said
sample being counterstained or coloured using
a dye or a stain, wherein said dye or stain is not
said upconverting particle;
combining said first image with said second im-
age to obtain a combined image.

2. The method of claim 1, wherein each different lumi-
nescent particle emits distinguishable emission
spectra.

3. The method of any of claim 1 or 2, wherein an exci-
tation light for obtaining the first image is pulsed.

4. The method of any of claims 1 to 3, wherein said
sample is formalin fixated and paraffin embedded;
or wherein said sample is frozen, or wherein said
sample is a free-floating section.

5. The method of any of claims 1 to 4, wherein said at
least one targeting moiety is an analyte specific lig-
and, such as a tumour-specific ligand.

6. The method of any of claims 1 to 5, wherein said at
least one targeting moiety is an antibody, an antigen,
a hormone, a drug, a fragment antigen binding, an
affibody molecule, an enzyme, a protein, or a pep-
tide.

7. The method of any of claims 1 to 6, wherein said at
least one targeting moiety is directly conjugated to
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said luminescent particle by covalent or non-cova-
lent chemistry.

8. The method of any of claims 1 to 7, wherein said at
least one targeting moiety is conjugated to said lu-
minescent particle by linker chemistry, such as using
an adaptor molecule to link said at least one targeting
moiety to said luminescent particle.

9. The method of any of claim 1 to 8, comprising de-
tecting said signal from said luminescent particle with
a time delay from an excitation signal to supress
background luminescence.

10. The method of any of claims 1 to 9, wherein said dye
or said stain, including Haematoxylin and Eosin
(H&E) staining either each alone or combined, DAPI,
Hoechst stain, Methyl green, Methylene blue, tolui-
dine blue, DRAQ5, DRAQ7, Neuclear fast Red,
Gram staining, PAS staining, Rhodamine, Nile blue,
Nile red, Propidium iodide, SYTOX green, chromog-
enic or fluorescent dyes.

11. The method of any of claims 1 to 10, wherein said
probe is a complementary DNA, RNA or modified
nucleic acids strand that localize said at least one
analyte being a DNA or RNA sequence.

12. The method of any of claims 1 to 11, wherein the
method includes analysing said combined image for
detecting the presence or amount of the at least one
analyte.

13. The method of any of claims 1 to 12, wherein said
second image of said counterstained sample is ob-
tained using, Microscopy with Ultraviolet Sectioning
Excitation (MUSE), bright-field or fluorescence de-
pending on type of counterstain.

14. The method of any of claims 1 to 13, wherein said
sample being counterstained or coloured to provide
information of a morphology of the sample and/or a
localisation of the analyte bound to the targeting moi-
ety or probe.

15. The method of any of claims 1 to 14, wherein the
first and second image is obtained using the same
section of the sample to avoid issues with co-regis-
tration.

Patentansprüche

1. Ein Verfahren zur Abbildung von
in mindestens einem Analyt in einer
biologischen Probe für Histologie, Zytologie oder hy-
bridisierungen zur Unterstützung bei der Diagnose
eines Gegenstandes, wobei das Verfahren Folgen-

des umfasst:

bestimmung, dass es sich bei dieser Probe um
einen Gewebeabschnitt, eine Zellprobe oder ei-
ne daraus gewonnene Flüssigkeit aus diesem
gegenstand; handelt
kontaktieren jener Probe mit mindestens einem
zielorientierten Teil, bzw. einer Probe, wobei je-
des unterschiedliche, zielorientiertes Teil bzw.
Probe mindestens eine zielorientierte
einheit bzw. Probe mit einem anderen Analyten
spezifisch bindet, wobei jedes unterschiedliche
zielorientierte Teil bzw. Probe mit einer anderen
lumineszenten Partikel gekennzeichnet ist, wo-
bei es sich bei dem lumineszenten Partikel um
einen hochkonvertierende Partikel handelt; und
beschaffung einer ersten Abbildung durch Er-
fassen eines Signals von dem lumineszenten
Partikel, der mindestens mit einem zielorientier-
ten Teil, bzw.
einer Probe an die Probe gebunden ist;
beschaffung einer zweiten Abbildung von der
Probe, wobei es sich bei der zweiten Abbildung
um eine Hellfeldabbildung der
Probe ohne Gegenfärbung handelt oder wobei
es sich bei der zweiten Abbildung um eine Probe
handelt, die unter Verwendung eines Farbstof-
fes oder einer Färbung gegengefärbt oder ge-
färbt wird, wobei es sich beim Farbstoff oder
dem Färbemittel nicht um das hochkonvertie-
rende Partikel handelt;
kombinieren der ersten Abbildung mit der zwei-
ten Abbildung, um eine kombinierte Abbildung
zu erhalten.

2. Verfahren nach Anspruch 1, wobei jeder einzelne
lumineszente Partikel unterschiedliche Emissions-
spektren aussendet.

3. Verfahren nach einem der Ansprüche 1 oder 2, wo-
bei ein Anregungslicht zur Erlangung der ersten Ab-
bildung gepulst wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
diese Probe formalin fixiert und paraphiert eingebet-
tet ist; oder indem diese Probe eingefroren ist oder
worin diese Probe einen frei schwebender Abschnitt
darstellt.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
es sich mindestens bei einem zielorientierten Teil
um einen analyt-spezifischen Liganden handelt, wie
beispielsweise ein tumorspezifischer Ligand.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
es sich mindestens bei einem der zielorientierten
Teile um einen Antikörper, ein Antigen, ein Hormon,
ein Arzneimittel, eine Fragment-Antigen-Bindung,
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ein Affibody-Molekül, ein Enzym, ein Protein oder
ein Peptid handelt.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei
mindestens ein zielorientiertes Teil direkt mit diesem
lumineszenten Partikel durch kovalente oder nicht-
kovalente Chemie konjugiert wird.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei
mindestens ein zielorientiertes Teil durch Linker-
Chemie an diesem lumineszenten Partikel konju-
giert wird, wie z.B.
unter Verwendung eines Adapter-Moleküls, um min-
destens ein zielorientiertes Teil mit diesem lumines-
zenten Partikel zu verbinden.

9. Verfahren nach einem der Ansprüche 1 bis 8, wel-
ches die Erkennung jenes Signals von diesem lumi-
neszenten Partikel mit einer Zeitverzögerung von ei-
nem Anregungssignal zur
unterdrückung der Hintergrundlumineszenz um-
fasst.

10. Verfahren nach einem der Ansprüche 1 bis 9, dar-
unter der Farbstoff oder jenes Färbemittel, ein-
schließlich der Färbung mit Hämatoxylin und Eosin
(H&E), entweder jeweils allein oder kombiniert, DA-
PI,
Hoechst-Färbung, Methylgrün, Methylenblau, Tolu-
idinblau, DRAQ5, DRAQ7, Neuclear Fast Red,
Gram-Färbung, PAS-Färbung, Rhodamin, Nilblau,
Nilrot, Propidiumiodid, SYTOX-Grün, chromogene
oder fluoreszierende Farbstoffe.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
es sich bei dieser Probe um einen komplementären
DNA-, RNA-oder modifizierter Nuklein-Säurestrang
handelt, der mindestens einen
analyten in eine DNA- oder RNA-Sequenz lokali-
siert.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei
das Verfahren das Analysieren der kombinierten Ab-
bildung zum Erfassen des Vorhandenseins oder je-
ner Menge von mindestens einen
einen Analyten umfasst.

13. Verfahren nach einem der Ansprüche 1 bis 12, wobei
die zweite Abbildung dieser gegengefärbten Probe
unter Verwendung von Mikroskopie mit Ultraviolett-
Schnittanregung (MUSE), Hellfeld oder Fluoreszenz
je nach Art der Gegenfärbung erhalten bleibt.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei
diese Probe gegengefärbt oder gefärbt wird, um in-
formationen über eine Morphologie der Probe
und/oder eine Lokalisierung jenes Analyten zur Ver-
fügung zu stellen, der an das zielorientierte Teil oder

der Probe gebunden ist.

15. Verfahren nach einem der Ansprüche 1 bis 14, wobei
die erste und zweite Abbildung unter Verwendung
des gleichen Abschnitts der Probe erhalten bleiben,
um etwaige Probleme bei der gemeinsamen Regis-
trierung zu vermeiden.

Revendications

1. Procédé d’imagerie d’au moins un analyte dans un
échantillon biologique pour histologie, cytologie, ou
hybridations servant à établir un diagnostic concer-
nant un sujet, le procédé comprenant les étapes con-
sistant à :

fournir ledit échantillon qui est une coupe de tis-
su, un échantillon de cellules, ou un liquide ob-
tenu auprès dudit sujet ;
mettre ledit échantillon en contact avec au moins
un groupement ou sonde de ciblage, où chaque
différent groupement ou sonde de ciblage parmi
ledit au moins un groupement ou sonde de ci-
blage se lie de manière sélective à un analyte
différent parmi ledit au moins un analyte, et où
chaque différent groupement ou sonde de cibla-
ge parmi ledit au moins un groupement ou sonde
de ciblage est marqué avec une particule lumi-
nescente différente, où ladite particule lumines-
cente est une particule de conversion
ascendante ; et
obtenir une première image en détectant un si-
gnal de ladite particule luminescente associée
audit au moins un groupement ou sonde de ci-
blage lié audit échantillon ;
obtenir une deuxième image dudit échantillon
où ladite deuxième image est une image en
champ clair dudit échantillon sans coloration de
contraste, ou bien où ladite deuxième image est
une image dudit échantillon ayant subi une co-
loration de contraste ou ayant été coloré à l’aide
d’un colorant ou d’un agent de coloration, où
ledit colorant ou agent de coloration n’est pas
ladite particule de conversion ascendante ;
combiner ladite première image avec ladite
deuxième image pour obtenir une image com-
binée.

2. Procédé selon la revendication 1, dans lequel cha-
que différente particule luminescente émet des
spectres d’émission reconnaissables.

3. Procédé selon l’une quelconque des revendications
1 et 2, dans lequel une lumière d’excitation permet-
tant d’obtenir la première image est pulsée.

4. Procédé selon l’une quelconque des revendications
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1 à 3, dans lequel ledit échantillon est fixé au formol
et inclus en paraffine ; ou bien dans lequel ledit
échantillon est congelé, ou bien dans lequel ledit
échantillon est une coupe flottante.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel ledit au moins un groupement ou
sonde de ciblage est un ligand propre à l’analyte, tel
qu’un ligand propre à une tumeur.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel ledit au moins un groupement de
ciblage est un anticorps, un antigène, une hormone,
un médicament, une liaison d’antigène de fragment,
une molécule d’afficorps, une enzyme, une protéine,
ou un peptide.

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel ledit au moins un groupement de
ciblage est directement conjugué à ladite particule
luminescente par chimie covalente ou non covalen-
te.

8. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel ledit au moins un groupement de
ciblage est conjugué à ladite particule luminescente
par chimie de lieur, par exemple en utilisant une mo-
lécule d’adaptateur pour lier ledit au moins un grou-
pement de ciblage à ladite particule luminescente.

9. Procédé selon l’une quelconque des revendications
1 à 8, comprenant le fait de détecter ledit signal de
ladite particule luminescente avec un temps de re-
tard par rapport à un signal d’excitation afin de sup-
primer la luminescence de bruit de fond.

10. Procédé selon l’une quelconque des revendications
1 à 9, dans lequel ledit colorant ou ledit agent de
coloration, incluant la coloration à l’hématoxyline et
à l’éosine (H&E) employées seule ou de manière
combinée, le DAPI, le colorant de Hoechst, le vert
de méthyle, le bleu de méthylène, le bleu de toluidi-
ne, le DRAQ5, le DRAQ7, le rouge rapide nucléaire,
la coloration de Gram, la coloration PAS, la rhoda-
mine, le bleu de Nil, le rouge de Nil, l’iodure de pro-
pidium, le vert SYTOX, ou des colorants chromogè-
nes ou fluorescents.

11. Procédé selon l’une quelconque des revendications
1 à 10, dans lequel ladite sonde est un brin complé-
mentaire d’ADN, d’ARN ou d’acides nucléiques mo-
difiés qui localise ledit au moins un analyte qui est
une séquence d’ADN ou d’ARN

12. Procédé selon l’une quelconque des revendications
1 à 11, où le procédé inclut le fait d’analyser ladite
image combinée pour détecter la présence ou la
quantité du au moins un analyte.

13. Procédé selon l’une quelconque des revendications
1 à 12, dans lequel ladite deuxième image dudit
échantillon ayant subi une coloration de contraste
est obtenue par microscopie par excitation ultravio-
lette de coupe (MUSE), en champ clair ou par fluo-
rescence selon le type de colorant de contraste.

14. Procédé selon l’une quelconque des revendications
1 à 13, dans lequel ledit échantillon ayant subit une
coloration de contraste ou ayant été coloré pour four-
nir des informations sur une morphologie de l’échan-
tillon et/ou une localisation de l’analyte lié au grou-
pement ou sonde de ciblage.

15. Procédé selon l’une quelconque des revendications
1 à 14, dans lequel la première et la deuxième ima-
ges sont obtenues en utilisant la même coupe de
l’échantillon pour éviter les problèmes de co-aligne-
ment.
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