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METHODS AND SYSTEMS FOR EFFICIENT
PROCESSING OF BIOLOGICAL SAMPLES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application Number PCT/US2011/055161, filed Oct.
6, 2011 which claims the benefit of and priority to U.S.
Provisional Application No. 61/390,437 filed Oct. 6, 2010,
each hereby incorporated by reference herein in their entirety.

TECHNICAL FIELD

[0002] The present invention is directed to the field of
immunohistochemistry and in-situ hybridization staining
processes on primarily, but not limited to, formalin fixed
paraffin embedded tissue samples using various reagents to
include antibodies, DNA/RNA probes of interest and perhaps
even various buffer solutions where in the process, liquids
may be moved in a controlled manner across the surface of a
sample and slide. Embodiments of the present invention may
include staining processes by perhaps moving a reagent on a
tissue perhaps held between a hydrophobic surface and a
hydrophilic surface with an antigen retrieved and/or deparaf-
finized tissue sample. The present invention may relate to
automated immunohistochemistry tissue staining processing
systems and methods of processing samples and staining. The
present invention may be applicable to immunohistochemis-
try, in-situ hybridization, fluorescent in-situ hybridization,
special staining, such as special staining of histological
samples, microarray sample processing, cytology, as well as
potentially other chemical and biological applications.

BACKGROUND OF THE INVENTION

[0003] Sample processing in chemical and biologic analy-
ses, such as immunohistochemical (IHC) applications, may
require one or a number of various processing sequences,
steps, and/or protocols as part of an analysis of one or more
samples. The staining sequences, steps and/or protocols may
be defined by the individual or organization requesting an
analysis, such as a pathologist or histologist of a hospital, and
may be further defined by the particular analysis to be per-
formed.

[0004] Previously, in some traditional processing
sequences, protocol steps may have been performed manu-
ally, potentially creating a time-intensive protocol and neces-
sitating personnel to be actively involved in the sample pro-
cessing. Attempts have been previously made to automate
sample processing to address the need for expedient sample
processing and a less manually burdensome operation. How-
ever, such previous efforts may not have fully addressed the
needs for an efficient sample processing system in that they
may not provide excellent staining results with perhaps with
little or no background or non specific staining. Embodiments
of the present invention may address the failures of previous
attempts by providing stainer methods and systems with a
shorter completion time, may significantly reduce the process
time. Embodiments of the present invention may provide
methods and systems where a liquid such as a reagent may be
moved across a slide in a controlled manner and may produce
crisp, sharp staining with perhaps little or no background, no
non-specific staining in the tissue, and perhaps even no hue on
the glass slide.
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[0005] Past efforts at automated sample processing for
samples presented on carriers such as slides, such as U.S. Pat.
No. 7,820,381 to Lemme et al., U.S. Pat. No. 7,615,371 to
Kram, US Publication No. US2005/0074890 to Lemme et al.,
U.S. Pat. No. 5,985,669 to Palander, US Publication No.
US2008/1012006A1 to Kram et al., U.S. Pat. No. 6,352,861
to Copeland et al., and U.S. Pat. No. 5,839,091 to Rhett et al.,
each hereby incorporated by reference herein, have not
afforded the various advantages and other combinations of
features as presented herein. The systems of the prior art do
not provide the efficient processing with excellent staining
results like that of the present invention.

DISCLOSURE OF THE INVENTION

[0006] The present invention discloses methods and sys-
tems for sample processing and efficient staining systems
which may address the inadequacies of previous stainer and
sample processing technology. It is an object of the present
invention to establish an oscillating liquid movement over a
sample to perhaps generate efficient and even excellent stain-
ing results of the sample.

[0007] TItis another object of the present invention to apply
electrical or magnetic fields while processing a sample.
[0008] It is yet another object of the present invention to
generate an oscillating liquid movement over a sample with
an oscillating wand such as a hydrophobic wand which may
hold and oscillate the liquid over the sample and may even
provide optimal contact angles between the wand, the moving
liquid, and the sample supported by a sample support element
for optimal processing.

[0009] Another object of the present invention may provide
an oscillating liquid bridge movably held between a hydro-
phobic wand and a hydrophilic sample support element for
sample processing.

[0010] It is still another object of the present invention to
provide efficient use of liquids in a sample processing system.
Embodiments include providing low volume reagent use with
sample processing. Other embodiments provide that less or
even no wash steps may be needed to clean a sample and slide
and the wash steps may need only a low volume of buffer to
clean the slides.

[0011] It is yet another object of the present invention to
provide nanoparticles in a liquid during a sample processing
system which may be used in the evaluation of the sample or
may even be used to enhance activity of the liquid with the
sample during processing.

[0012] Naturally, further objects of the invention are dis-
closed throughout other areas of the specification and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying figures illustrate some of the
embodiments of the present invention, and together with the
written disclosures of the specification and claims, facilitate
an understanding of the disclosed embodiments.

[0014] FIG. 1 is an example of a wand with hydrophobic
coating holding a liquid between the wand and the tissue and
sample support element in accordance with some embodi-
ments of the present invention.

[0015] FIG.2isanexample of a wand placed for movement
along a width of a sample support element in accordance with
some embodiments of the present invention.
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[0016] FIG. 3 isanexample ofa wand placed for movement
along alength of a sample support element in accordance with
some embodiments of the present invention.

[0017] FIG. 4 shows an example of a side view of a liquid
bridge held in between a wand and a sample support element
as the wand and liquid bridge begins to move across the
sample support element from an end point in accordance with
some embodiments of the present invention.

[0018] FIG. 5 shows an example of a side view of a liquid
bridge held in between a wand and a sample support element
as the wand and liquid bridge continues to move across a
middle of a sample support element in accordance with some
embodiments of the present invention.

[0019] FIG. 6 shows an example of a side view of a liquid
bridge held in between a wand and a sample support element
as the wand and liquid bridge moves to the other end point of
a sample support element in accordance with some embodi-
ments of the present invention.

[0020] FIG. 7 shows an example of top perspective view of
movement of a wand with a liquid bridge across a sample and
a sample support element starting at an end point of a sample
support element in accordance with some embodiments of the
present invention.

[0021] FIG. 8 shows an example of top perspective view of
movement of a wand with a liquid bridge across a sample and
a sample support element across a middle of the sample
support element in accordance with some embodiments of the
present invention.

[0022] FIG. 9 shows an example of top perspective view of
movement of a wand with a liquid bridge across a sample and
a sample support element ending at the other end point of a
sample support element in accordance with some embodi-
ments of the present invention.

[0023] FIG. 10 shows an example of a meniscus and contact
angles of a liquid bridge between a wand and a sample sup-
port element in accordance with some embodiments of the
present invention.

[0024] FIG. 11 shows an example of a hydrophilic contact
angle in accordance with some embodiments of the present
invention.

[0025] FIG. 12 shows an example of a hydrophobic contact
angle in accordance with some embodiments of the present
invention.

[0026] FIG. 13 shows an example of a liquid contact
between a hydrophilic top surface and a hydrophilic bottom
surface in accordance with some embodiments of the present
invention.

[0027] FIG. 14 shows an example of a liquid contact
between a hydrophobic top surface and a hydrophilic bottom
surface in accordance with some embodiments of the present
invention.

[0028] FIG. 15 shows an example of a liquid contact
between a hydrophobic top surface and a hydrophobic bottom
surface in accordance with some embodiments of the present
invention.

[0029] FIG. 16 shows a conceptual example of an electric
field or a magnetic field applied to a liquid in a wand system
in accordance with some embodiments of the present inven-
tion.

[0030] FIG. 17 shows a conceptual example of an electric
field or a magnetic field applied to a liquid in accordance with
some embodiments of the present invention.
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[0031] FIG. 18 shows an example of a liquid applicator
applying liquid to a sample supported by a sample support
element in accordance with some embodiments of the present
invention.

[0032] FIG. 19 is a flow chart diagram showing an example
of a sample processing protocol in accordance with some
embodiments of the present invention.

[0033] FIG. 20 shows an example of the staining results of
CD10 on Tonsil, cell membrane staining with an oscillating
hydrophobic wand and oscillating liquid bridge over a sample
supported by a sample support element.

[0034] FIG. 21 shows an example of the staining results of
CD10 on Tonsil, cell membrane staining from a conventional
stainer for a convention amount of processing time.

[0035] FIG. 22 shows another example of the staining
results of CD10 on Tonsil, cell membrane staining from a
conventional stainer for a less amount of processing time.
[0036] FIG. 23 shows an example of the staining results of
Cyclin D1 on Mantle cell lymphoma—nuclear staining with
an oscillating hydrophobic wand and oscillating liquid bridge
over a sample supported by a sample support element.
[0037] FIG. 24 shows an example of the staining results of
Cyclin D1 on Mantle cell lymphoma—nuclear staining from
a conventional stainer for a conventional amount of process-
ing time.

[0038] FIG. 25 shows another example of the staining
results of Cyclin D1 on Mantle cell lymphoma—nuclear
staining from a conventional stainer for a less amount of
processing time.

[0039] FIG. 26 shows an example of the staining results of
Pan melanoma on Melanoma—Cytoplasmic staining with an
oscillating hydrophobic wand and oscillating liquid bridge
over a sample supported by a sample support element.
[0040] FIG. 27 shows an example of the staining results of
Pan melanoma on Melanoma—Cytoplasmic staining from a
conventional stainer for a conventional amount of processing
time.

[0041] FIG. 28 shows another example of the staining
results of Pan melanoma on Melanoma—Cytoplasmic stain-
ing from a conventional stainer for a less amount of process-
ing time.

MODES FOR CARRYING OUT THE INVENTION

[0042] The present invention includes a variety of aspects,
which may be combined in different ways. The following
descriptions are provided to list elements and describe some
of the embodiments of the present invention. These elements
are listed with initial embodiments, however it should be
understood that they may be combined in any manner and in
any number to create additional embodiments. The variously
described examples and preferred embodiments should not
be construed to limit the present invention to only the explic-
itly described systems, techniques, and applications. Further,
this description should be understood to support and encom-
pass descriptions and claims of all the various embodiments,
systems, techniques, methods, devices, and applications with
any number of the disclosed elements, with each element
alone, and also with any and all various permutations and
combinations of all elements in this or any subsequent appli-
cation.

[0043] Aspects of the present invention may be applicable
to immunohistochemistry, in-situ hybridization, fluorescent
in-situ hybridization, special staining of histological samples,
micro arrays, including techniques incorporating deparaf-
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finization, target retrieval, staining of samples, formalin fixed
paraffin embedded (“FFPE”) tissue, any other samples, and
the like. Sample processing applications may require pro-
cessing sequences or protocols that include steps such as
deparaffinization, heat induced antigen or epitope retrieval,
staining, immunohistochemistry techniques, in-situ hybrid-
ization techniques, or the like. Stains such as histochemical
reagents may be used to identify various histological features.
The reagents used in a stain process may employ antibodies
that bind to specific proteins of the sample. In regards to
staining, it should be understood that the term stained sample
can reference the end product of a process, by which certain
parts of the sample may be stained, e.g., have been imbued
with a reagent that adheres to a specific element in the tissue.
The adhered reagent may be with a color in the optic range or
even in an electromagnetic range, such as ultra violet. Stain-
ing may be detectable with a stain detection of a stain result
which may include but is not limited to automatic detection,
change in property detection, fluorescent detection, magnetic
detection, electrical detection, visual detection, radioactive
detection, calorimetric detection, and qualitative detection, or
the like. Staining a sample can involve a series of treatment
steps, such as but not limited to washing, binding of reagents
to the specific parts of the sample, activation of the reagents,
washing unbound antibodies, detection of the antibody, any
combination thereof, and the like. Sample processing with the
reagents may require the addition and removal of reagents in
accordance with a defined protocol.

[0044] Immunohistochemistry (“IHC”) applications may
be a multiple step staining process where perhaps different
reagents may be dispensed on a sample and/or sample support
element. Immunohistochemistry may be an in-vitro (perhaps
not in-vivo) staining performed on formalin fixed paraffin
embedded (“FFPE”) tissue. IHC may be performed in a
sequence of steps, including but not limited to: (1) a tissue
may be exposed to deparaffinization perhaps followed by heat
induced epitope retrieval and/or enzyme digestion; (2) appli-
cation of a primary antibody may be applied to attach to a
target epitope of interest, this may be at least about 30 minutes
(the binding of an antibody to an epitope can be accelerated
by selected favorable conditions that may affect the kinetics
of the binding reaction); (3) application of a secondary anti-
body may be applied to attach to a primary antibody, this may
be between about 10 and about 30 minutes; (4) application of
a tertiary antibody may be applied to attach to a secondary
antibody; this may be between about 10 and about 30 min-
utes; (5) application of a chromogenic substrate compatible
(i.e. reactive) with the antibody-enzyme conjugate may be
applied; this may be between about 5 and about 20 minutes.
The reaction of the enzyme and substrate may produce a
visible chromogenic product that can be visualized under a
microscope perhaps as a qualitative test.

[0045] Embodiments of the present invention may provide
methods and systems for efficient processing of samples
where a liquid may be dynamically applied to a sample during
the processing. As understood from FIG. 1, a sample (1) may
be supported by a sample support element (2). A wand (4)
may be located above a sample and sample support element
and may even be an oscillating wand so that the wand may be
oscillated back and forth above the sample to create an oscil-
lating wand movement (5). A liquid (3) may be applied to the
sample (1) and even the sample support element (2) and may
form a fluidically moving substantially contained liquid
bridge (6) between a wand (4) and a sample supported by a
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sample support element (2). A fluidically moving substan-
tially contained liquid bridge may be contained and even
oscillated with the movement of the wand movement to pro-
vide back and forth movements over a sample. The movement
of the fluidically moving substantially contained liquid
bridge over a sample may provide a dynamic contact of the
fluidically moving substantially contained liquid bridge with
the sample.

[0046] Inembodiments, a wand (4) may be a steadily con-
trolled oscillating wand providing steady oscillations back
and forth above a sample. A wand movement (5) may be a
steady oscillation wand movement and may horizontally
oscillates in a horizontal movement (8) above a sample sup-
port element perhaps even without substantially any vertical
movement (9) of the wand as shown in FIG. 4. As such, a
wand may oscillate in a fashion that it cannot substantially
move up or down, e.g., vertically, above the sample. Alterna-
tively, a wand may move in a vertical movement in other
embodiments.

[0047] A wand (4) may be an inflexible wand where it may
not be bent or adaptable and may be rigid. A wand (4) may be
floating wand so that it may be located above the sample and
even the sample support element without having any contact
or even direct contact with the sample or the sample support
element. A wand (4) may be a non-gas permeable wand such
that gas or even liquid may not be capable of permeating or
even penetrating the wand. A wand (4) may be any shape,
figure, material, form, or even size including but not limited to
rectangle, curve, substantially flat, slender, stick, rod, shoot,
or the like. A wand (4) may partially cover a sample as shown
in the example of FIG. 3 or alternatively, a wand may fully
cover a sample as shown in FIG. 1. In both instances, a wand
may be oscillated so that a fluidically moving substantially
contained liquid bridge may be oscillated with it and the
liquid bridge may either partially cover the sample or alter-
natively fully cover the sample.

[0048] A substantially flat wand (17) may be a wand which
has a wand surface in contact with a liquid that may be
substantially flat perhaps lying horizontal to a sample support
surface at its full length. A wand (4) may be oscillated above
a sample in a variety of wand movements (5) such as but not
limited to a continuously moving wand which may continu-
ously move back and forth above a sample; a uniformly
moving wand which may uniformly move back and forth
above a sample; a steady velocity moving wand which may
steady velocity move back and forth above a sample, a vari-
able velocity moving wand which may variable velocity
move back and forth above a sample, or the like. The various
wand movements may be achieved by a system (49) con-
nected to a wand which may include but is not limited to a
manual system for perhaps manually oscillating of a wand, an
automated system for perhaps automatically oscillating of a
wand, a robotic system for perhaps robotically oscillating of
a wand, an electromechanical system, a computerized sys-
tem, or the like.

[0049] As can be understood from FIGS. 4, 5 and 6 and
FIGS. 7, 8 and 9, a wand (4) with a liquid formed into a
fluidically moving substantially contained liquid bridge (6)
may move across a sample on a sample support element
perhaps from one end (62) of a sample support element to the
other end (63) of the sample support element and may con-
tinue oscillating back and forth between the ends. As the
wand moves, it may collect and may hold substantially all of
the volume of liquid into a substantially contained liquid
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bridge (6) between the wand and the sample support element.
Of course, some of the liquid, perhaps even very small
amounts of the liquid may be removed from the liquid bridge
and may remain with the sample as staining, attraction, or the
like may occur. In embodiments, a wand (4) with the substan-
tially contained liquid bridge could move (12) along the width
(10) of a sample support element as shown in FIG. 2, could
move (13) along the length (11) of a sample support element
(2) as shown in FIG. 3, could move across a sample support
element in a diagonal fashion, could move across a sample so
that each movement distance (14) may cover all of a sample
(1) as shown in FIG. 3, could move in any combination of the
above, or the like. In embodiments, a wand (4) may be oscil-
lated back and forth with the substantially contained liquid
bridge above a sample for a programmed incubation time.
This may include a reagent stain time, a buffer wash time, a
primary antibody stain time, a secondary antibody stain time,
a tertiary antibody stain time, or the like.

[0050] A wand (4) may be placed at a distance above a
sample and/or sample support element providing a gap (50).
While any distance for a gap may be used, the distance may be
calculated so that liquid contained in a substantially con-
tained liquid bridge may be optimally contained therein. If the
gap between the wand and the sample and/or sample support
element is too wide, the liquid bridge may not remain intact
and liquid may spread and may even lay flat as a thin layer on
the sample or sample support element surface. Ifthe gap is too
small, the liquid in the liquid bridge may be too compressed
so that the liquid bridge may not have optimal performance.
In one embodiment, a gap may be a size between about 0.5
mm and about 0.6 mm. A cohesive force of a liquid sand-
wiched between a wand perhaps even a hydrophobic wand
and a sample and/or sample support element, perhaps even a
hydrophilic sample support element, in a gap may allow the
liquid bridge to stay intact.

[0051] In embodiments, it may be desirable to provide a
wand (4) that is a hydrophobic wand. A hydrophobic wand
may be any type of wand that has little or no affinity for water
and/or liquids. A hydrophobic wand may any kind of hydro-
phobic surface element and may be made of a hydrophobic
material or may even have a hydrophobic surface (15) such as
coated with a hydrophobic coating. A hydrophobic surface
may be a nanostructured hydrophobic surface, a nanostruc-
tured rough hydrophobic surface, or perhaps even a coating of
self-assembled monolayer of phosphates, or the like. In
embodiments, a sample support element (2) may be a hydro-
philic sample support element which may have a hydrophilic
surface (16). A hydrophilic surface on the slide may be impor-
tant for an immunohistochemistry staining process. During
the reagent application steps, the hydrophilic (e.g., wettable)
slide surface properties may allow for uniform distribution of
reagents across an entire slide surface perhaps resulting in an
evenly stained slide.

[0052] A fluidically moving substantially contained liquid
bridge (6) may be located in a gap between a bottom surface
of'awand and a top surface of'a sample and/or sample support
element. As the fluidically moving substantially contained
liquid bridge may move along a sample with a wand move-
ment, the liquid bridge may be in dynamic contact (7) with a
sample. Dynamic contact may be fluid action, fluid motion,
energy related, force related, changing contact, electrical,
magnetic, or the like. Due to the interactions of a fluidically
moving substantially contained liquid bridge (6) with a
sample and/or sample support element, a processing protocol
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may be used perhaps with less wash steps or even without any
wash steps during the process. A fluidically moving substan-
tially contained liquid bridge using to staining a sample may
itself wash the sample and/or sample support element perhaps
providing an efficient system with less steps needed.

[0053] A fluidically moving substantially contained liquid
bridge may provide a contact angle with the surface ofa wand
(22) and a contact angle with a surface of a sample and/or
sample support element (23). In embodiments, the present
invention may provide acutely contacting a liquid bridge with
a sample support element at an acute liquid to sample support
element contact angle (25). In addition or perhaps even alter-
natively, the present invention may provide obtusely contact-
ing a liquid bridge with a wand at an obtuse liquid to wand
contact angle (24). A meniscus (18) as shown in FIG. 10 may
form a meniscus surface curve between the contact angles at
each end of the liquid bridge. Each end of a meniscus surface
curve may be different and it may fluidically change as the
liquid bridge moves and oscillates with the wand movement
along the sample and sample support element. A meniscus
surface curve may move based on the physical movement of
the wand and perhaps even the liquid bridge. However, the
contact angles at the wand and at the sample and sample
support surfaces may remain substantially the same as the
wand and liquid bridge oscillate back and forth over the
sample. This may be dependent on the type of wand and
sample support element used such as a hydrophobic wand and
a hydrophilic sample support element as discussed herein.
The acute liquid to sample support element contact angle (25)
may be a dynamic contact angle perhaps due to its fluidic
movement along with sample support element. The obtuse
liquid to wand contact angle (24) may be a dynamic contact
angle perhaps due to its fluidic movement within the liquid
bridge as the bridge and wand oscillate over the sample and
sample support element. As conceptually shown in FIG. 11,
an acute liquid to sample support element contact angle may
be a decreased contact angle (35) and may be an angle that is
less than 90 degrees. As conceptually shown in FIG. 12, an
obtuse liquid to wand contact angle may be an increased
contact angle (29) and may be greater than 90 degrees. A
contact angle may be a quantitative measure of the wetting of
asolid by aliquid. It may be defined geometrically as an angle
formed by a liquid at the three phase boundary where a liquid,
gas, and solid intersect. Low values of contact angles may
indicate that a liquid may spreads or may even wets well while
a high value for a contact angle may indicate poor wetting. If
an angle is less than 90 degrees, a liquid may wet a solid. Ifan
angle is greater than 90 degrees, it may be non-wetting.

[0054] Embodiments of the present invention may provide
a hydrophilic sample support element perhaps with a hydro-
philic surface and may even provide a hydrophobic wand with
perhaps a hydrophobic surface. Embodiments of the present
invention may provide that as roughness on a sample support
element may increase, an acute liquid to sample support
element contact angle may decrease. The interaction of a
hydrophilic surface with a liquid may provide an adhesive
force between the fluidically moving substantially contained
liquid bridge and the sample support element that is greater
than a cohesive force within a fluidically moving substan-
tially contained liquid bridge. These interactions may form
the acute contact angle. The interaction of a hydrophobic
wand with a liquid may provide a cohesive force within a
fluidically moving substantially contained liquid bridge that
is greater than an adhesive force between the fluidically mov-
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ing substantially contained liquid bridge and the wand. These
interactions may form the obtuse contact angle. When placing
a liquid between a hydrophilic sample support surface and a
hydrophobic wand surface, the interactions may provide an
optimal substantially contained liquid bridge for use with
sample processing.

[0055] The contact angles and meniscus surface curve may
be understood from FIGS. 11, 12, 13, 14, and 15. When two
hydrophilic surfaces (53), such as a hydrophilic wand surface
with a hydrophilic sample support element, may be provided
to form a liquid bridge, a meniscus surface curve between the
hydrophilic surfaces may have concave properties perhaps
due to the decreased contact angles and interactions with the
liquid as shown in FIG. 13. When two hydrophobic surfaces
(55), such as a hydrophobic wand with a hydrophobic sample
support element, may be provided to form a liquid bridge, a
meniscus surface curve between the hydrophobic surfaces
may have convex properties perhaps due to the increased
contact angles and interactions with the liquid as shown in
FIG. 15. The different contact angles and meniscus surface
curve between a top hydrophobic surface and a bottom hydro-
philic surface (54) is shown in FIG. 14. Embodiments of the
present invention provide that a sample may be optimally
treated when using a hydrophobic wand and a hydrophilic
sample support element and oscillating a liquid bridge
between these surfaces and in contact with a sample.

[0056] A liquid bridge may be compressed between a wand
and sample wherein surface tension holding of a liquid and
liquid bridge may be provided. For example, as the liquid
such as a reagent may move, it may be compressed and
friction force (e.g., sliding reagent friction) may be produced
perhaps in combination with mixing. This may be a factor for
achieving an equilibrium constant of antigen antibodies bind-
ing faster to perhaps reduce incubation time and reaction
time. The total volume of reagent may be held by the wand
and as the wand may move at a steady velocity, the mass of
reagent, perhaps held by surface tension or even by weak,
non-covalent interactions, may move with the wand. Surface
tension may be the result of the tendency of water molecules
to attract one another (e.g., cohesion). Many IHC reagents
may be mixed with Tween 20 (less than about 1%) and per-
haps other surfactants which may reduce the surface tension
of water based reagents and may aid in better spreading. A
sample support surface may be in a solid state and the surface
of the slide may have a thin layer of wash buffer and perhaps
even a target tissue/epitope to make it hydrophilic. As a liquid
bridge of reagent may move, the reagent may wet the tissue
instantaneously perhaps due to hydrophilic attraction. A
bridge of reagent may be sandwiched between the hydropho-
bic wand and the hydrophilic glass slide surface.

[0057] As discussed, a meniscus (18) may be formed at
each end of the fluidically moving substantially contained
liquid bridge. As the fluidically moving substantially con-
tained liquid bridge may move along a sample (1) it may
provide an instantaneous wetting (19) of the sample surface
with the liquid perhaps due to the dynamic contact between
the sample and the liquid. Due to the oscillating movement of
the liquid bridge, the sample may be continuously wetted as
the liquid bridge moves back and forth over the sample. The
oscillating movement may also provide a sliding friction (20)
between the liquid bridge and a sample.

[0058] The movement of reagent may increase the reaction
rate and perhaps a reaction or incubation time may be
decreased perhaps due to several factors including but not
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limited to: intermolecular forces, capillarity, angle of contact
(meniscus), wetting or wet ability, kinetic energy, sliding
friction of reagent, Brownian motion, capillary painting, cap-
illary sliding of reagent, capillary drag, surface tension, adhe-
sive and/or cohesive force and factors, Van der Waal forces,
electrostatic force, capillary bridge, liquid bridge, reagent
bridge, reagent painting, pH, concentration of antibody,
buffer constituents, salts added, dilution used, temperature,
buffer to render the electrostatic charges of the epitope or
paratope identical, or the like. The staining may be completed
in less than 30 or about 45 minutes or perhaps even up to about
1 hour including deparaffinization and retrieval time as com-
pared to a minimal of about 2 hours in staining process of
conventional automated stainers.

[0059] A reaction rate may be accelerated and to achieve
equilibrium, for example by: 1) increasing the rate of forming
favorable antibody-epitope interactions or perhaps even 2)
increasing the rate of breaking up unfavorable antibody-
epitope interactions or even removal of poorly matched or
poorly bound or removal of non-specific binding. As the
liquid such as a reagent may be moved across the slide,
redistribution of antibodies to the target tissue may be
achieved by mixing the reagent in-between the slide with
hydrophilic attraction and may facilitate the binding of anti-
body to epitope in the tissue perhaps due to movement of
reagent.

[0060] A sample may be any material including but not
limited to a biological sample, biological material, tissue,
specimen, antigen retrieved tissue, epitope retrieved tissue,
deparaffinized tissue, histological sample, cells, cell speci-
mens, cell lines, proteins, cell membrane, synthetic peptides,
cell preparations, blood, bodily fluids, bone marrow, cytology
specimens, blood smears, thin-layer preparations, micro
array sample, microscopic slide-based biological samples,
formalin fixed paraffin embedded tissue samples, preserved
sample, any combination thereof, or the like. In preparation
for biologic sample analysis, for example, a biological
sample may be acquired by known sample acquisition tech-
niques and may comprise, for example in immunohistochem-
istry (IHC) applications, tissues generally or even in some
applications one or a plurality of isolated cells, such as in
micro array samples, and may be presented on a sample
carrier such as a microscope slide. Furthermore, the sample
may be presented on the carrier variously and potentially in
some form of preservation. As one example, a sample such as
a layer or slice of tissue may be preserved in formaldehyde
and presented on a carrier with one or more paraffin or other
chemical layers infiltrating the sample.

[0061] Inembodiments, a sample support element (2) may
include but is not limited to a sample carrier, a slide, a glass
slide, a microscope slide, a thin glass plate, a smooth surface
member, and the like. A sample support element (2) may be
tilted to provide a tilted sample support element during part or
even the entire staining process sequence. For example, a
sample support element may be tilted at an angle between
about 3 and about 45 degrees. Of course, during the process-
ing of a slide, a sample support element may be placed in any
position or angle such as but not limited to a substantially flat
position, a horizontal position, a vertical position, an inter-
changeable position, a substantially flat position during oscil-
lating of a fluidically moving substantially contained liquid
bridge, a stationary position, and a moveable position and
may even change between different positions. The liquid
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bridge may move with the wand perhaps and may stay within
the slide area even with tilt or angle and the liquid may not
cross the area of wand.

[0062] A liquid (3) as discussed herein may be any kind of
fluid that may be desirable for a sample processing protocol or
system. A liquid (3) may include but is not limited to at least
one reagent, at least one water based reagent, at least one
unstable reagent, at least one stable reagent, at least one buffer
solution, at least one immunohistochemistry reagent, at least
one in situ hybridization reagent, at least one histochemical
reagent, any combination thereof, or the like. Reagents can
play a vital role in the staining sequence of many processing
protocols. The quality of the reagents, therefore, may be
important for adequate sample processing. Reagents, for
example, can have a certain shelf life that may be limited if
maintained at undesirable temperatures such as the typical
ambient temperatures of traditional processing systems and
the laboratories housing such systems. Traditional technolo-
gies may lack the temperature control needed to optimally
preserve the reagents stored in the processing system that are
often subject to inadequate or changing ambient temperatures
of such systems and the laboratory environment.

[0063] Anisolated cold station may be included in an auto-
mated stainer, in embodiments of the present invention, to
perhaps maintain a temperature from between about 2° C. and
about 8° C. to maintain the stability of unstable reagents.
Liquids including unstable reagents or even stable reagents
perhaps with one or a plurality of components may be mixed
onboard before application of a mixed reagent onto a slide.
Alternatively, the liquid perhaps with at least one component
(37) or even at least two components may be on-slide mixed.
For example, liquids such as unstable reagents or stable
reagents and perhaps even one or more than one component
(37) may be dispensed on a slide and a hydrophobic wand
may collect the reagent forming a liquid bridge and may move
the reagent as discussed herein and as may be understood
from FIGS. 4, 5 and 6. A hydrophobic wand may be a mixing
wand to perform on-slide or even online mixing. A liquid
perhaps with components therein may be on-slide mixed (38)
due to movement of the liquid bridge and may be used for
staining a sample. The mixing (38) of a liquid and at least one
component within an oscillating fluidically moving substan-
tially contained liquid bridge across a sample and sample
support element may provide redistribution of the compo-
nents perhaps as acomponent redistributor to a sample or may
even provide uniform application of the components to a
sample perhaps as a uniform applicator. For example, a
reagent moving with a wand may allow redistribution or
mixing of antibodies which may result in uniform concentra-
tion of antibodies across a slide.

[0064] A component may include but is not limited to an
antibody, a DNA probe, a RNA probe, a particle, a nanopar-
ticle, a micro particle, a salt, a primary antibody, a secondary
antibody, a tertiary antibody, a chromogenic substrate, a
counterstain compatible with an antibody-enzyme conjugate,
a surfactant, a component capable of reducing surface tension
of a water based reagent, any combination thereof, and the
like.

[0065] In accomplishing a processing sequence, and in
some embodiments of the present invention, slides may be
configurable in vertical, horizontal or perhaps even tilted
positions such as for the pretreatment and/or staining pro-
cesses. This may allow for the automation of the pretreatment
and staining of slides in various manners. The slides may be
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initially loaded onto carrier retention assemblies, such as
slide racks, and drawers in perhaps the horizontal position.
The slides may be horizontally supported by adjustable car-
rier supports. If pretreatment is required, such as deparaf-
finization, the slide tray or holder or carrier may be tilted at an
angle and the antigen retrieval solution may be maintained at
a desired temperature to complete the antigen retrieval pro-
cess. Cold water may be pumped in to an inside chamber to
perhaps cool the inside chamber to an ambient temperature
such as about 25° C.+/—(between about 2 to about 4° C.). To
perform a staining process on the slides, as described herein
and in some embodiments, a system may rotate the slide to the
horizontal position and a syringe or probe or reagent dispense
may apply fluid to the sample, providing a horizontal staining
of the sample. Each slide or plurality of slides can be rotated
independently allowing for the independent processing of
different samples with different requirements.

[0066] A slide station may be arranged inside an automated
stainer perhaps in a slide carrier or tray or even a carousal with
the capability of slides positioned lying flat or even tilted at an
angle. One slide or even a plurality of slides may be held in
support using slide clips or perhaps even support mechanisms
to hold the slide during staining process. A drive or even a
motor can be used to move the slides and reagents during
staining process.

[0067] As discussed herein, processing of a sample may be
automated and may occur via various steps or protocols based
on the desired application. Sample processing may comprise
one or more sampling protocols and steps, such as deparaf-
finization, target retrieval, staining, or the like. A tissue may
be washed with a buffer between reagent applications.
Reagents, buffers, and incubation times may vary based on
the type of assay.

[0068] Embodiments may provide a sample processing
system where a sample may be pretreated with a sample
pretreatment element (39) perhaps prior to staining of the
sample. A sample pretreatment element (39) may include a
process such as but not limited to deparaffinization, antigen
retrieval, epitope retrieval, heat induced antigen retrieval,
antigen retrieval, epitope retrieval, proteolytic-induced
epitope retrieval, any combination thereof, and the like which
may include a processor element such as but not limited to
deparaffinization element, antigen retrieval element, epitope
retrieval element, heat induced antigen retrieval element,
antigen retrieval element, epitope retrieval element, pro-
teolytic-induced epitope retrieval, any combination thereof;,
and the like.

[0069] Protocol for treatment of a sample may be processed
in accordance with immunohistochemistry, in-situ hybridiza-
tion, fluorescent in-situ hybridization, special staining, spe-
cial staining of histological samples, microarray sample pro-
cessing, cytology, automated processing of any of the above,
any combination thereof, and the like. A processed sample
(43) may result after a sample may be treated with any of the
various protocols or systems. Embodiments of the present
invention may provide a staining of a sample with perhaps a
decreased reaction time which may be about half an amount
of time as compared to a standard stain time.

[0070] FIG. 19 provides a non-limiting example of a pro-
cessing steps (40) as may be used for processing of a sample
which may be a manual process or even an automated pro-
cess. First, a sample may be pretreated (39). Then, then a
liquid such as a reagent may be applied (56) to a sample
perhaps supported by a sample support element perhaps for
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staining of the sample with the liquid. A liquid temperature
controller (44) may regulate a temperature of a liquid. An
activity enhancer (57) may be applied to the liquid on a
sample to perhaps increase staining performance which may
include any of a variety of enhancement techniques such as
but not limited to creating an oscillating fluidically moving
substantially contained liquid bridge between a hydrophobic
wand and a hydrophilic sample support element; applying a
magnetic or electrical field to a liquid which may or may not
have nanoparticles therein; or the like as discussed herein. A
sample may then be washed (58) with a buffer wash. The
buffer wash or any liquid on a sample may be removed with a
removal element (42) and waste may be collected from a
sample and/or sample support element with a waste collector
(48). A waste collector (48) may separate the waste into
hazardous waste and non-hazardous waste. A second liquid
such as a reagent may be applied (59) to a sample perhaps for
staining of the sample with the liquid. This second liquid
application step may also include an activity enhancer if
desired. A second wash step (60) may then occur. After the
sample has been stained, a processed sample (43) may be
provided. The processed sample (43) may be a stained sample
and it may be analyzed (61) with perhaps an evaluation ele-
ment (45). Evaluation (45) of a processed sample may include
but is not limited to stain detection, magnetic detection, mag-
netic microscope detection and the like as discussed herein.
Of course, the steps discussed in this example of a process
protocol may be skipped or varied depending on the desired
sample protocol. In embodiments, a protocol sample process-
ing may occur in an open air system (51) perhaps providing
that some or even all of the processes and steps may be
processed to the open air and not closed.

[0071] A stained sample may have a property including but
not limited to a sharp stain (46), a crisp stain, a stained sample
with substantially no background, a stained sample with sub-
stantially no non-specific staining, a stained sample with
substantially no hue on the sample support element, or the
like. Examples of stained samples using an oscillating hydro-
phobic wand and oscillating fluidically moving substantially
contained liquid bridge technology are shown in FIGS. 20,
23, and 26. Examples of results from conventional staining
(47) with an IQ technology are shown in FIGS. 21, 22, 24, 25,
27, and 28. It is surprising to see the differences in results
between the convention technologies and the present inven-
tion. It is noted that FIGS. 20, 22, 23, 25, 26, and 28 were
stained at a shorter reaction time (e.g., 15-5-5-2) as compared
to FIGS. 21, 24, and 27 (e.g., 30-10-10-5).

[0072] The present invention may provide in embodiments,
sample processing with a low volume of liquid. For example,
an automated stainer may be a low volume processor perhaps
using very minimal liquid such as reagent per slide as com-
pared to conventional automated stainers which may use
between about 250 to about 300 microliters per slide or even
up to about 1000 micro liters per reagent step. As shown in
FIG. 18, a liquid applicator (36) may apply a low volume of
liquid (3) to a sample (1) supported by a sample support
element (2). A liquid applicator may be any kind of liquid
dispensing element including but not limited to manual, auto-
matic, robotic arm, and the like which may be capable of
applying a low volume of liquid to a sample. A reagent dis-
pensing operation may be dispensed from a reagent bottle and
a principle may be based on bird feeder gravity flow with
perhaps precise volume delivery. A low volume liquid process
may provide that a liquid may be used at as low as between
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about 15 microliters and about 300 microliters perhaps for
in-situ hybridization protocol, between about 50 microliters
and about 300 microliters, about 100 microliters, about 150
microliters, less than about 150 microliters, and the like. Of
course any amount of liquid may be used in a sample pro-
cessing system perhaps even up to about 1000 micro liters per
reagent step. However, it may be desirable to provide a system
that may use less liquid so as to provide efficiencies in costs,
waste, time, processing, and the like.

[0073] A low volume liquid process may be applied to a
system or may even be a result of a system where the low
volume liquid may be held in an oscillating fluidically mov-
ing substantially contained liquid bridge perhaps even
between a hydrophobic wand and a hydrophilic glass slide
surface. A low volume liquid may include a reagent with
perhaps even at least one component or even at least two
components as discussed herein. A dynamic contact of the
liquid bridge formed from a low volume amount with a
sample may provide efficient staining, or perhaps even clean-
ing of a sample supported by a sample support element.

[0074] The present invention may provide, in embodi-
ments, sample processing with low volume liquid washing of
a sample with a low volume of buffer wash. A liquid appli-
cator (36) may apply a low volume of liquid (3) such as buffer
wash to a sample (1) supported by a sample support element
(2). The volume of buffer used to wash per step may also be
very low compared to conventional automated stainers. The
typical volume of buffer used with air knife and/or air blow
methods of removal of buffer may be between about 10 mil-
liliters and about 15 milliliters of buffer. In embodiments, a
low volume buffer wash may include an amount of buffer less
than about 1 milliliter, between about 500 microliters and
about 1 milliliter (1000 microliters), up to about 10 milliliters,
between about 5 milliliters and about 6 milliliters of buffer
per step, slide wash, wash step or the like. In embodiments,
liquid from a low volume buffer may be moved across a
sample and sample support element in an oscillating fluidi-
cally moving substantially contained liquid bridge perhaps
even between a hydrophobic wand and a glass slide with a
sample. A dynamic contact of the liquid bridge formed from
a low volume amount with a sample may provide efficient
staining, or perhaps even cleaning of a sample supported by a
sample support element. A moving buffer in a liquid bridge
(6) and a trailing edge (41) of meniscus with perhaps the right
volume of reagent and wash buffer may clean a slide better
and may even produce a slide with no hue and/or no back-
ground on the tissue perhaps with crisp staining. A trailing
edge (41) of a wash buffer meniscus of a fluidically moving
substantially contained liquid bridge may be a sample cleaner
and may electrostatically attract at least some impurities on a
sample and sample support element and may clean the slide
with perhaps less buffer solution.

[0075] A buffer wash may be a warm buffer wash perhaps
at a temperature of between about 25° C. and about 40° C. or
even at about 37° C. may be used to clean the sample support
element and may aid in better cleanliness for hue on a glass
slide and may even provide little to no background on a tissue.
In embodiments, a sample or slide may not be heated but the
buffer may heated to between about 25° C. and about 40° C.
perhaps using an inline heater just before dispensing on the
slide. An inline heating concept may be employed for on slide
antigen retrieval process and antigen retrieval solution and
may be dispensed at between about 30° C. to about 98° C. A
separate dispensing line can be used for the buffer dispensing
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or as the volume per run may be as low as about 5 to about 6
mls per slide, a bottle with ready to use buffer can be used for
dispensing warm buffer.

[0076] Embodiments of the present invention may provide
removal of a buffer wash or perhaps any liquid on a sample
and/or sample support element with a liquid removal element
(42) such as a buffer wash removal element. A liquid removal
element (42) may include but is not limited to a vacuum,
vacuum comb, wicking element, drying element or the like. A
liquid removal element (42) can be used to remove the buffer
from the slide which may be in a flat or even at an angled
position after a reagent incubation time and perhaps before
the next reagent in the step may be applied. Unbound excess
reagent can be removed and buffer may be used to clean a
slide which can be removed by a vacuum comb. In embodi-
ments, a vacuum comb may remove a buffer from a bottom
end of the slide. A software scheduler and perhaps protocol
may determine which reagent needs to be dispensed for a
particular slide after removal of a previously applied reagent.
A software scheduler may apply the next regent as quickly as
possible perhaps within between about 5 and about 20 sec-
onds after removal of the excess buffer. The reagent or bulk
fluid or antigen retrieval application step may be scheduled as
such slides may not dry during the staining process.

[0077] Inembodiments, the present invention may provide
an electrical field or a magnetic field applied to a liquid in a
sample processing system. As shown in FIG. 16, an electrical
field or magnetic field (21) or both or even an electromagnetic
field may be applied to a liquid (3) in between a wand (4) and
a sample support element (2). A field may include an AC field
or a DC field and may even be varied with a field strength
modifier as applied to a sample. Oscillation of a wand and a
fluidically moving substantially liquid bridge may be used
together with the electrical field or magnetic field. In other
embodiments, electrical or magnetic fields may be applied to
a sample without using wand technology as may be under-
stood from FIG. 17. In yet other embodiments, an electrical
field or a magnetic field may be moved across a sample
perhaps by field movement or even by sample movement or
both. A wand (4) may be a hydrophobic wand or even a
conducting hydrophobic wand. A field generator (26) may be
provided near a liquid and perhaps even near a wand which
may include but is not limited to a conducting plate, a con-
ducting needle, a conducting surface, multiple conducting
elements, an electromagnet, a permanent magnet, and the
like. A conducting plate (27) or other type of field generator
may be located near or even under a sample support element.
A voltage (28) may be applied between a wand and a sample
support element or at a point of contact including but not
limited to static voltage, variable negative voltage, DC bias
voltage, DC voltage, AC voltage and the like. It may be
desirable to regulate the temperature perhaps with a tempera-
ture regulator of the sample and even liquid with a liquid
temperature controller during the sample processing system.
This may include providing a liquid, sample, or other system
environments with a cooler, a heater, a liquid temperature
between about 2° C. and about 8° C., and a liquid temperature
between about 25° C. and about 100° C.

[0078] An applied electrical field or even magnetic field
may increase an electrostatic charge of the reagents perhaps
reducing the reaction time and even improving the quality of
tissue staining. An electrostatic mechanism may allow the
chemistry in a liquid to attach to a tissue receptor perhaps
even in conjunction with complimentary receptor geometry.
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Increasing this “charge” may decrease reaction time could
and staining fidelity may improve. Charge may be understood
by electrostatic lines per unit area. Subjecting the lines to a
transverse magnetic field in motion electronically, perhaps by
reversing the polarity and even physically moving the lines by
slide or even pole piece movement, new electric field lines
may be generated perhaps orthogonal to the magnet field
lines, and may add to the net charge in the atomic structure of
the reagent. The effect may be velocity dependant and
improvements may be shown with velocity and frequency
increase.

[0079] Embodiments of the present invention may provide
increasing the electrostatic charge of a reagent to perhaps
reduce reaction time and even improving the quality of
sample staining. Electrostatic force may be increased by a
number of field lines in a molecular structure of a reagent.
Magnetic field lines may be held constant per unit area. A
reagent may be inserted within a cross section of a field.
Transverse motion between a reagent and magnetic field lines
may increase electrical field lines in a reagent. A magnetic
field may be changed in amplitude or even polarity perhaps
while holding electrostatic field lines stationary in a reagent.
Utilization of all forms of changing magnetic fields perhaps
by physical movement or even electronically changing field
line strength may increase reagent electrical charge. Audio,
white noise, periodic waves, or even ultrasonic transducer
may be used.

[0080] An applied electrical field or magnetic field may
vary or even change a contact angle (24) between a liquid and
a surface of a wand (22) or even a contact angle (25) between
a liquid and a surface of a sample support element (23). In
embodiments, the electrical field or magnetic field applied to
a liquid may increase a contact angle (24) between a liquid
and a surface of a hydrophobic wand (22).

[0081] Inembodiments, the present invention may provide
a method and system of processing a sample where a liquid
(3) such as a reagent may include nanoparticles (64) or even
micro particles as may be understood from FIG. 18. The
reagent and nanoparticles may be applied to a sample and
may result in a stained sample. The stain sample may be
evaluated with an evaluation element (45) such as a sample
evaluation element or even a nanoparticle evaluation element.
The nanoparticles (64) in the reagent may be suspended col-
loidal inert particles in the reagent. The nanoparticles (64)
may be conjugated with an antibody to form a nanoparticle-
antibody conjugate. The conjugates may then tag at least
some cells in a sample when as the antibodies stain the
sample. Processing of a sample with nanoparticles may occur
in accordance with immunohistochemistry protocol or per-
haps any other sample processing protocol.

[0082] Nanoparticles (64) may include but are not limited
to magnetic nanoparticles, metal oxide nanoparticles, mag-
netic metal oxide nanoparticles, superparamagnetic metal
oxide nanoparticles, gold nanoparticles, magnetic iron oxide
nanoparticles, cadmium selenide nanoparticles, any combi-
nation thereof, and the like. Nanoparticles may be sized in the
range of between about 10 nm to about 500 nm, between
about 10 nm and 100 nm, or any size perhaps used in the
processing of immunohistochemistry staining with nanopar-
ticles attached to antibodies and detection. While any amount
of nanoparticles may be included in a reagent, one example
may be to provide about 1% of nanoparticles in a reagent for
processing.
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[0083] As discussed above, a stained sample may be evalu-
ated perhaps after staining with reagent and nanoparticles. An
evaluation element (45) may include but is not limited to a
magnetic evaluation element; a magnetic nanoparticle evalu-
ation element for magnetically evaluation of the nanopar-
ticles as stained on the sample; a magnetic attraction for
magnetically attracting the nanoparticles for sample analysis;
a magnetic microscope; a magnetic detection for magneti-
cally detection of nanoparticles with said sample; a magne-
tometer; a magnetometer combined with an image analysis
system; an image analysis system; a camera; or the like. For
example, staining with nanoparticle reagents could be quan-
tified using a microscope with a magnetometer below the
slide stage viewing area. A magnetometer in addition to
image analysis system and perhaps even a camera may aid in
locating cells with nanoparticles to quantify the staining. The
detection of nanoparticles attached to the chemistry may
facilitate the quantification of cancerous cells stained in the
tissue.

[0084] In embodiments of the present invention, a liquid,
such as a reagent, may have enhanced activity within the
liquid to perhaps create efficient and even better staining of a
sample. Specifically, enhancing activity of a liquid may occur
through enhancing activity of nanoparticles or even micro
particles contained in a reagent perhaps with a nanoparticle
activity enhancement. For example, embodiments of the
present invention may provide reagents with antibodies
mixed with nanoparticles or even micro particles and applied
for staining of samples perhaps even mounted on a sample
support element such as a microscope slide. Enhancement of
the activity in a liquid may include applying a magnetic field
to the liquid having nanoparticles or micro particles therein. A
magnetic field may excite the nanoparticles. A sample per-
haps on a microscope slide can be suspended within a mag-
netic field and may cause excitation of the particles perhaps
even AC excitation to be induced to the nanoparticles or micro
particles in the reagent. A magnetic field may include but is
not limited to an AC field, a DC field, a permanent magnet, a
series of electromagnets, an electromagnetic field, any com-
bination thereof, and the like and may be generated by a field
generator (30). A field generator (30) may be a series of
generators which may create multiple magnetic fields near a
sample and may even be a variable strength magnetic field
generator which may provide varying strengths of a magnetic
field. A field generator (30) may be located near a sample and
a liquid perhaps above a sample, below a sample support
element, both above and below a sample as understood from
FIG. 17, on the side of a sample and the like. In embodiments,
a wand (4) may be a conducting wand. For example, a con-
ducting AC field or even an AC excitation may result in
random movements of the particles suspended in liquid and
may create thermal agitation of the molecules that may com-
pose the surrounding liquid. The random motion may be
defined as Brownian motion.

[0085] In embodiments a sample (1) with a liquid perhaps
having at least some nanoparticles (64) therein may be placed
within a magnetic field (21). A field may be moved with
respect to a sample and reagent by perhaps moving the mag-
netic field generator (31) or by moving a sample perhaps with
a sample support element (32) as shown in FIG. 17.

[0086] Ifthe slide may be moved under a magnetic field or
the magnetic field may be moved over the slide, in addition to
the Brownian motion, there can be an increase in the kinetic
energy of the system thereby significantly reducing the time
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required to stain a sample and reduce the amount of reagents
and antibodies required in the process. A conventional proto-
col which may take a minimum of about 1 hour can be
completed as rapidly as between about 15 and about 30 min-
utes or perhaps even less then about 30 minutes. Therefore, an
activity enhancer of a reagent may provide fast staining of a
sample. The effect may be velocity dependant. A conducting
AC field may generate heat, and the combination of heat and
random movements of nanoparticles may aid in better stain-
ing by reducing time to complete the staining process and
may increase the kinetics. The effect may be the same without
nanoparticles by a conducting AC field and creating Brown-
ian motion of antibodies and surrounding molecules.

[0087] Exposing the sample carrier (e.g., microscope slide
with tissue) perhaps with or without movement to AC or DC
or permanent magnet field may improve the staining. The
combination of nanoparticle conjugated reagents and a con-
ducting AC or DC or permanent magnetic field may improve
staining and may helps with the quantification of cancerous
cells.

[0088] The AC, DC, or perhaps even permanent magnets
methods may utilize a device which may create magnetic
fields through samples mounted on microscope slides with
reagent and perhaps even antibody solutions which may or
may not contain nanoparticles or micro particles. The result-
ing AC excitation may be created by a series of electromag-
nets which may 1) increase the electrostatic charge of the
reagents or may 2) move the reagent over the slide in a line. A
device, perhaps defined by the pole piece width and the ali-
quot size, may affect the sample through multiple magnetic
fields energized sequentially along the length of the slide.
Reagents with the nanoparticles may move across a sample
perhaps as the units may be excited serially back and forth
which may also induce kinetic energy at the trailing edge of
the reagent meniscus or alternatively may increase the elec-
trostatic charge of the reagents. A moving magnetic field (31)
may provide attraction between nanoparticles and the mag-
netic field and may provide that a reagent may move in line
with a moving magnetic field. This mechanism may also be
used to wash the tissue with a buffer wash by serially flow of
a moving buffer wash. The same results may be obtained by a
variation of this system where a slide could be moved within
a single magnetic field. An alternative to electromagnetic
fields used in these devices could be the use of permanent
magnets to create the magnetic field.

[0089] In embodiments of the present invention, methods
may be provided to increase the electrostatic charge of the
reagents perhaps reducing the reaction time and even improv-
ing the quality of tissue staining. Magnetic field lines may be
held constant per unit area. Chemistry may be inserted within
a cross section area of this field. Then, a transverse motion
may be created between reagent and magnetic field lines
which may increase the electric field lines in the chemistry per
unit area. The magnetic field may be changed in amplitude
and/or polarity perhaps while holding the electrostatic field
lines stationary in the reagent. This may increase the electric
field line per unit area in the reagent. A solution with nano-
particles may be provided at a concentration level and nano-
particle size which may not affect the staining process. When
subjected to a changing magnetic field, additional electric
field lines may be formed in the reagent perhaps by the rever-
sal of the magnetic poles of the particles. A DC magnetic field
may be used with physical motion perhaps by the pole piece
or even the slide, and the degree of electric field may be a
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function of the velocity of the relative motion of the pole piece
and slide. Conducting DC magnetic fields may move the
reagent with nanoparticles by capillary action across the slide
perhaps creating agitation resulting in increased Kkinetic
energy. Conducting DC fields may generate heat and combi-
nation of heat and random movements of nanoparticles may
aid in staining in less time by perhaps increasing the kinetics.
The effect may be the same without nanoparticles by a con-
ducting DC field and by creating Brownian motion of anti-
bodies and surrounding molecules. When using magnetic
field lines to pull a wash buffer across a slide by attracting
nanoparticles, the trailing edge of the wash buffer meniscus
may electrostatically attract impurities on the slides and may
clean the slide. It may be desirable to utilize various or even
all forms of changing magnetic fields either by physical
movement or perhaps by electronically changing field line
strengths for the purpose of increasing reagent electrical
charge. It may be desirable to utilize audio and perhaps even
an ultrasonic transducer to supply the transverse motion as
well as perhaps the use of white noise or any other periodic
waves as a signal source for a modulation source. It may be
desirable to increase the electrostatic force perhaps by
increasing the number of field lines in the molecular structure
of the reagent by moving transverse magnetic field lines
through it which may increase electrostatic attraction. It may
also be desirable to increase the number of electrostatic field
lines in the chemistry of the reagent perhaps by changing the
amplitude and polarity of the traverse magnetic field.

[0090] The present invention may provide embodiments of
a sample processing system comprising a plurality of slides
used for the handling and processing of samples and sample
support elements such as slides or microscope slides where
each sample may be treated with different processing proto-
cols. Other sample carriers may be accommodated consistent
with the present invention. Each slide carrier or holder or tray
may be configured to accommodate sample carrier retain-
ment assemblies, such as slide retainment assemblies, carrier
racks, modules, or magazines. The slide retainment assembly
may comprise a slide rack, module, or magazine. A slide
retainment assembly may be configured to accommodate a
plurality of slides.

[0091] One or more drawers or carousals or trays may be
provided to accommodate processing materials such as
reagent containers for sample processing. A processing mate-
rial retainment assembly, such as a container rack may be
utilized to accommodate reagent containers or other process-
ing materials within each of the drawers. Bottle inserts may
be preferably configured with the retainment assembly to
ensure proper processing material positioning within the pro-
cessing material retainment assembly and the drawer or tray
or carrier.

[0092] Embodiments of the present invention may further
comprise an arm utilized in sample processing, potentially
having robotic movement, and in some embodiments, Carte-
sian movement. The arm may comprise one or more ele-
ments, such as an actuator probe such as a syringe, a sensor
element, an optical sensor (including but not limited to a
camera or a CCD device), and even a non-discrete volume
fluid and/or air applicator. The optical sensor may even be
configured to sense temperature such as through IR detection
or the like. A reagent container perhaps with bird feeder
concept may be utilized by touching or even pushing a lever
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to dispense between about 100 and about 150 micro liters of
reagent on a slide or perhaps even up to about 1000 micro
liters per reagent step.

[0093] Important for many immunohistochemistry appli-
cations and many other sample processing sequences and
protocols are temperature characteristics associated with a
sample, sample carrier, and the processing environment.
Accordingly, the present invention may comprise an auto-
mated sample processing system comprising a temperature
regulation system or a temperature regulation device and a
sample processing control system to which the temperature
regulation system may be responsive with perhaps active
temperature regulation (e.g., temperature control with both
heating and cooling) and even within certain tolerances. It
may also be adaptive as mentioned above for antigen retrieval
and maintaining temperature between about 2 to about 8
degrees C., for unstable reagents. Staining process will be
processed at about 24° C., and perhaps +about 2° C. or xabout
1°C.

[0094] Configurations of the temperature regulation sys-
tem may include a Peltier device or Peltier temperature con-
trol, and in configurations such as a heat sink or fan in the
inside chamber to control the temperature. The other heat sink
or fan of the pair may be on the outside of the controlled
volume, where it may be exposed to the ambient environment
of'the laboratory. One or more thermoelectric devices perhaps
including the electrical junctions themselves may be located
on the boundary between the interior and exterior. The TED
or TEDs may generate a hot portion and a cold portion and
may aid in moving heat into or out of the desired location. The
“hot” portion may be configured to distribute heat from the
exterior of the controlled interior volume. If the temperature
of'the “hot” portion ofthe TED is controlled to maintain a low
temperature, such as with a controlled paired heat sink/fan,
the corresponding “cold” portion of the TED, may be config-
ured within the controlled interior volume, may be colder by
a corresponding amount, and may act in conjunction with a
paired heat sink/fan as a controlled refrigerator, and may even
actively reduce the temperature of the interior volume, or may
achieve protocol tolerances as further described below. Such
an item may serve as a temperature reduction element for
various locations or purposes as described below.

[0095] As mentioned above, the internal temperature of the
system may be controlled by an adaptive sample processing
control system. Some applications may provide temperatures
at about 24° C.xabout 2° C.; in other embodiments the inter-
nal ambient temperature may be maintained at about 24° C.
comprises +an incremental range, such as a non-integer incre-
mental range. One temperature regulation system of the
present invention may comprise one or more heat pumps, and
in some embodiment of the present invention’s two thermo-
electric heat pumps. The temperature regulation system may
feature each heat pump module having a heat sink and fan on
either side of the TED.

[0096] Embodiments of the invention may include regulat-
ing temperature in the antigen retrieval process; actively regu-
lating temperature and even reducing temperature; control-
ling reduction of temperature; ramping temperature up or
down; determining a processing sequence for it, determining
at least one temperature tolerance, actively regulating tem-
perature corresponding to the tolerance, or the like. All the
above temperature control process may be applicable to the
antigen retrieval and/or deparaffinization process in an auto-
mated stainer in various embodiments of the present inven-
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tion. The various embodiments of the disclosed temperature
regulation system may feature the capability of controlling
reagent temperature alone or in addition to an antigen
retrieval temperature. One embodiment of a reagent tempera-
ture regulation system may include a conduction temperature
regulation system. A reagent temperature regulation system
may have conductive regulation elements perhaps mounted
below the reagent tray. The conductive regulation elements
may feature thermoelectric regulation features such as
Peltier-type temperature regulation. Naturally, a sensing ele-
ment may be provided as part of a sample processing con-
figuration and may be incorporated to sense temperature,
perhaps even instantaneously. This may assist in maintaining
temperature tolerances and in controlling rates of temperature
change. Photodiode devices, electric conductivity devices, IR
sensors, sensors acting through septa of a container, or other
sensors may be included to sense values such as reagent
containers or slides collectively or individually.

[0097] As previously mentioned, reagents may play a vital
role in the staining sequence of many processing protocols.
The quality of the reagents, therefore, may be important for
adequate sample processing. In order to maintain shelf life of
the reagents of the sample processing system, the reagent
temperatures may also be controlled such as by a reagent
temperature control element to maintain desirable tempera-
tures, especially respective of typical ambient temperatures
ofthe processing system and temperature effects from outside
environments such as typical laboratories environments that
may lack appropriate temperature control for the processing
system. This may include maintaining the reagent at a tem-
perature specified by the manufacturer, such as between about
2 and about 8 degrees C., so that the manufacturer shelflife is
fully maintained and not shortened. The temperature control
for maintaining reagent shelf life may apply for unstable
reagents at room temperature and can be controlled with in a
range of about 2 and about 8 degrees C., by using an isolated
cold spot controlled by Peltier device.

[0098] The reagent may be identified by reading the label
with an identification system or perhaps even a combination
of identification systems. The identification system reader in
combination with software scheduler may determine which
reagent needs to be dispensed for a particular slide. Applica-
tion and usage of identification systems in embodiments of
the present invention perhaps to identify slides and reagents
may include but are not limited to: barcode in perhaps 1D or
even 2D matrix, RFID, smart card, I button, mini button IR,
OCR, either alone or perhaps in combination, as well as other
identifications systems. Stainer software can be capable of
integrating the PPID and LIS systems. A microscope slide
could be marked with laser etching, direct marking, laser
printing, or the like.

[0099] The slide sample to be stained may be identified by
reading the label with an identification system or perhaps
even a combination of identification systems. An identifica-
tion system reader may determine a set of reagents needed for
a particular slide. The protocols processed on one slide or
even on a plurality of slide can be common or different pro-
tocols. Processing of protocols may involve application of
different reagents to different slides with perhaps even differ-
ent incubation times. The length of the protocol steps/se-
quence may be same or different in a group of slides pro-
cessed.
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[0100] It may be desirable to provide adequate control of
processing characteristics such as temperature, pH, concen-
tration of antibody, relative humidity, buffer constituents,
salts added and dilution used. Control of the processing
samples may be accomplished with a sample processing sys-
tem manager such as a computer server connected with one or
more sample processing systems. Connection among perhaps
a number of process systems and perhaps a number of com-
puters, such as workstations and a server (the latter residing
either separately or as part of a workstation), may be achieved
by use of a local area network (LAN), such as a group of
computers and associated devices that share a common com-
munications line or perhaps wireless link and may even share
the resources of a single processor, memory, or server within
a small geographic area (for example, within an office build-
ing or complex). Connection may also be established to a
laboratory network, facilities intranet system, or even a labo-
ratory information system such as through a bridge. Tempera-
ture values, historical actions, and particular timing activities
may be captured and stored for local or remote access through
the use of such a system.

[0101] As can be easily understood from the foregoing, the
basic concepts of the present invention may be embodied in a
variety of ways. It involves both staining techniques as well as
devices to accomplish the appropriate stainer. In this applica-
tion, the staining techniques are disclosed as part of the results
shown to be achieved by the various devices described and as
steps which are inherent to utilization. They are simply the
natural result of utilizing the devices as intended and
described. In addition, while some devices are disclosed, it
should be understood that these not only accomplish certain
methods but also can be varied in a number of ways. Impor-
tantly, as to all of the foregoing, all of these facets should be
understood to be encompassed by this disclosure.

[0102] The discussion included in this application is
intended to serve as a basic description. The reader should be
aware that the specific discussion may not explicitly describe
all embodiments possible; many alternatives are implicit. It
also may not fully explain the generic nature of the invention
and may not explicitly show how each feature or element can
actually be representative of a broader function or of a great
variety of alternative or equivalent elements. Again, these are
implicitly included in this disclosure. Where the invention is
described in device-oriented terminology, each element of the
device implicitly performs a function. Apparatus claims may
not only be included for the device described, but also method
or process claims may be included to address the functions the
invention and each element performs. Neither the description
nor the terminology is intended to limit the scope of the
claims that will be included in any subsequent patent appli-
cation.

[0103] It should also be understood that a variety of
changes may be made without departing from the essence of
the invention. Such changes are also implicitly included in the
description. They still fall within the scope of this invention.
A broad disclosure encompassing both the explicit embodi-
ment(s) shown, the great variety of implicit alternative
embodiments, and the broad methods or processes and the
like are encompassed by this disclosure and may be relied
upon when drafting the claims for any subsequent patent
application. It should be understood that such language
changes and broader or more detailed claiming may be
accomplished at a later date (such as by any required dead-
line) or in the event the applicant subsequently seeks a patent
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filing based on this filing. With this understanding, the reader
should be aware that this disclosure is to be understood to
support any subsequently filed patent application that may
seek examination of as broad a base of claims as deemed
within the applicant’s right and may be designed to yield a
patent covering numerous aspects of the invention both inde-
pendently and as an overall system.

[0104] Further, each of the various elements of the inven-
tion and claims may also be achieved in a variety of manners.
Additionally, when used or implied, an element is to be under-
stood as encompassing individual as well as plural structures
that may or may not be physically connected. This disclosure
should be understood to encompass each such variation, be it
a variation of an embodiment of any apparatus embodiment,
a method or process embodiment, or even merely a variation
of any element of these. Particularly, it should be understood
that as the disclosure relates to elements of the invention, the
words for each element may be expressed by equivalent appa-
ratus terms or method terms—even if only the function or
result is the same. Such equivalent, broader, or even more
generic terms should be considered to be encompassed in the
description of each element or action. Such terms can be
substituted where desired to make explicit the implicitly
broad coverage to which this invention is entitled. As but one
example, it should be understood that all actions may be
expressed as a means for taking that action or as an element
which causes that action. Similarly, each physical element
disclosed should be understood to encompass a disclosure of
the action which that physical element facilitates. Regarding
this last aspect, as but one example, the disclosure of a
“stainer” should be understood to encompass disclosure of
the act of “staining”—whether explicitly discussed or not—
and, conversely, were there effectively disclosure of the act of
“staining”, such a disclosure should be understood to encom-
pass disclosure of a “stainer” and even a “means for staining.”
Such changes and alternative terms are to be understood to be
explicitly included in the description.

[0105] Any patents, publications, or other references men-
tioned in this application for patent are hereby incorporated
by reference. Any priority case(s) claimed by this application
is hereby appended and hereby incorporated by reference. In
addition, as to each term used it should be understood that
unless its utilization in this application is inconsistent with a
broadly supporting interpretation, common dictionary defi-
nitions should be understood as incorporated for each term
and all definitions, alternative terms, and synonyms such as
contained in the Random House Webster’s Unabridged Dic-
tionary, second edition are hereby incorporated by reference.
Finally, all references listed in this patent application or other
information statement filed with the application are hereby
appended and hereby incorporated by reference, however, as
to each of the above, to the extent that such information or
statements incorporated by reference might be considered
inconsistent with the patenting of this/these invention(s) such
statements are expressly not to be considered as made by the
applicant(s).

[0106] Thus, the applicant(s) should be understood to have
support to claim and make a statement of invention to at least:
i) each of the stainer devices as herein disclosed and
described, ii) the related methods disclosed and described, iii)
similar, equivalent, and even implicit variations of each of
these devices and methods, iv) those alternative designs
which accomplish each of the functions shown as are dis-
closed and described, v) those alternative designs and meth-
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ods which accomplish each of the functions shown as are
implicit to accomplish that which is disclosed and described,
vi) each feature, component, and step shown as separate and
independent inventions, vii) the applications enhanced by the
various systems or components disclosed, viii) the resulting
products produced by such systems or components, ix) each
system, method, and element shown or described as now
applied to any specific field or devices mentioned, x) methods
and apparatuses substantially as described hereinbefore and
with reference to any of the accompanying examples, xi) the
various combinations and permutations of each of the ele-
ments disclosed, xii) each potentially dependent claim or
concept as a dependency on each and every one of the inde-
pendent claims or concepts presented, and xiii) all inventions
described herein.

[0107] In addition and as to computer aspects and each
aspect amenable to programming or other electronic automa-
tion, the applicant(s) should be understood to have support to
claim and make a statement of invention to at least: xvi)
processes performed with the aid of or on a computer as
described throughout the above discussion, xv) a program-
mable apparatus as described throughout the above discus-
sion, xvi) a computer readable memory encoded with data to
direct a computer comprising means or elements which func-
tion as described throughout the above discussion, xvii) a
computer configured as herein disclosed and described, xviii)
individual or combined subroutines and programs as herein
disclosed and described, xix) the related methods disclosed
and described, xx) similar, equivalent, and even implicit
variations of each of these systems and methods, xxi) those
alternative designs which accomplish each of the functions
shown as are disclosed and described, xxii) those alternative
designs and methods which accomplish each of the functions
shown as are implicit to accomplish that which is disclosed
and described, xxiii) each feature, component, and step
shown as separate and independent inventions, and xxiv) the
various combinations and permutations of each of the above.

[0108] With regard to claims whether now or later pre-
sented for examination, it should be understood that for prac-
tical reasons and so as to avoid great expansion of the exami-
nation burden, the applicant may at any time present only
initial claims or perhaps only initial claims with only initial
dependencies. The office and any third persons interested in
potential scope of this or subsequent applications should
understand that broader claims may be presented at a later
date in this case, in a case claiming the benefit of this case, or
in any continuation in spite of any preliminary amendments,
other amendments, claim language, or arguments presented,
thus throughout the pendency of any case there is no intention
to disclaim or surrender any potential subject matter. It should
be understood that if or when broader claims are presented,
such may require that any relevant prior art that may have
been considered at any prior time may need to be re-visited
since it is possible that to the extent any amendments, claim
language, or arguments presented in this or any subsequent
application are considered as made to avoid such prior art,
such reasons may be eliminated by later presented claims or
the like. Both the examiner and any person otherwise inter-
ested in existing or later potential coverage, or considering if
there has at any time been any possibility of an indication of
disclaimer or surrender of potential coverage, should be
aware that no such surrender or disclaimer is ever intended or
ever exists in this or any subsequent application. Limitations
suchas arose in Hakim v. Cannon Avent Group, PLC, 479 F.3d
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1313 (Fed. Cir 2007), or the like are expressly not intended in
this or any subsequent related matter. In addition, support
should be understood to exist to the degree required under
new matter laws—including but not limited to European
Patent Convention Article 123(2) and United States Patent
Law 35 USC 132 or other such laws—to permit the addition
of any of the various dependencies or other elements pre-
sented under one independent claim or concept as dependen-
cies or elements under any other independent claim or con-
cept. In drafting any claims at any time whether in this
application or in any subsequent application, it should also be
understood that the applicant has intended to capture as full
and broad a scope of coverage as legally available. To the
extent that insubstantial substitutes are made, to the extent
that the applicant did not in fact draft any claim so as to
literally encompass any particular embodiment, and to the
extent otherwise applicable, the applicant should not be
understood to have in any way intended to or actually relin-
quished such coverage as the applicant simply may not have
been able to anticipate all eventualities; one skilled in the art,
should not be reasonably expected to have drafted a claim that
would have literally encompassed such alternative embodi-
ments.

[0109] Further, if or when used, the use of the transitional
phrase “comprising” is used to maintain the “open-end”
claims herein, according to traditional claim interpretation.
Thus, unless the context requires otherwise, it should be
understood that the term “comprise” or variations such as
“comprises” or “comprising”, are intended to imply the inclu-
sion of a stated element or step or group of elements or steps
but not the exclusion of any other element or step or group of
elements or steps. Such terms should be interpreted in their
most expansive form so as to afford the applicant the broadest
coverage legally permissible. The use of the phrase, “or any
other claim” is used to provide support for any claim to be
dependent on any other claim, such as another dependent
claim, another independent claim, a previously listed claim, a
subsequently listed claim, and the like. As one clarifying
example, if a claim were dependent “on claim 20 or any other
claim” or the like, it could be re-drafted as dependent on claim
1, claim 15, or even claim 25 (if such were to exist) if desired
and still fall with the disclosure. It should be understood that
this phrase also provides support for any combination of
elements in the claims and even incorporates any desired
proper antecedent basis for certain claim combinations such
as with combinations of method, apparatus, process, and the
like claims.

[0110] Finally, any claims set forth at any time are hereby
incorporated by reference as part of this description of the
invention, and the applicant expressly reserves the right to use
all of or a portion of such incorporated content of such claims
as additional description to support any of or all of the claims
or any element or component thereof, and the applicant fur-
ther expressly reserves the right to move any portion of or all
of the incorporated content of such claims or any element or
component thereof from the description into the claims or
vice-versa as necessary to define the matter for which protec-
tion is sought by this application or by any subsequent con-
tinuation, division, or continuation-in-part application
thereof, or to obtain any benefit of, reduction in fees pursuant
to, or to comply with the patent laws, rules, or regulations of
any country or treaty, and such content incorporated by ref-
erence shall survive during the entire pendency of this appli-
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cation including any subsequent continuation, division, or
continuation-in-part application thereof or any reissue or
extension thereon.

1. A method for efficient sample processing comprising the
steps of:

providing a sample supported by a sample support ele-

ment;

providing a hydrophilic surface on said sample support

element;

applying a liquid to said sample supported by said sample

support element;

steadily oscillating a wand back and forth above said

sample supported by said sample support element cre-
ating a steady oscillating wand movement;

providing a hydrophobic surface on said wand;

forming a fluidically moving substantially contained liquid

bridge with said liquid between said wand and said
sample support element;

steadily oscillating said fluidically moving substantially

contained liquid bridge between said wand and said
sample support element back and forth over said sample
with said steady oscillating wand movement;
dynamically contacting said fluidically moving substan-
tially contained liquid bridge with said sample; and
processing said sample supported by said sample support
element.

2-3. (canceled)

4. A method for efficient sample processing according to
claim 1 wherein said step of steadily oscillating a wand back
and forth above said sample supported by said sample support
element comprises the step of steadily oscillating an inflex-
ible wand back and forth above said sample with said steady
oscillating wand movement.

5. A method for efficient sample processing according to
claim 1 wherein said step of steadily oscillating a wand back
and forth above said sample supported by said sample support
element comprises a step selected from a group consisting of:

continuously moving said wand back and forth above said

sample;

uniformly moving said wand back and forth above said

sample;

steady velocity moving said wand back and forth above

said sample; and

variable velocity moving said wand back and forth above

said sample.

6-8. (canceled)

9. A method for efficient sample processing according to
claim 1 wherein said step of steadily oscillating a wand back
and forth above said sample supported by said sample support
element creating a steady oscillating wand movement com-
prises the step of steadily oscillating a floating wand back and
forth above said sample supported by said sample support
element creating a steady oscillating wand movement.

10. A method for efficient sample processing according to
claim 1 wherein said step of steadily oscillating a wand back
and forth above said sample supported by said sample support
element creating a steady oscillating wand movement com-
prises the step of steadily oscillating a substantially flat wand
back and forth above said sample supported by said sample
support element creating a steady oscillating wand move-
ment.
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11. A method for efficient sample processing according to
claim 1 wherein said step of forming a fluidically moving
substantially contained liquid bridge with said liquid between
said wand and said sample support element comprises the
step of holding substantially all of said liquid in said fluidi-
cally moving substantially contained liquid bridge.

12. A method for efficient sample processing according to
claim 11 wherein said step of holding substantially all of said
liquid in said fluidically moving substantially contained lig-
uid bridge comprises the step of providing a meniscus at each
end of said fluidically moving substantially contained liquid
bridge.

13. A method for efficient sample processing according to
claim 1 wherein said step of dynamically contacting said
fluidically moving substantially contained liquid bridge with
said sample comprises the step of instantaneously wetting
said sample with said liquid in said fluidically moving sub-
stantially contained liquid bridge.

14. A method for efficient sample processing according to
claim 1 wherein said step of dynamically contacting said
fluidically moving substantially contained liquid bridge with
said sample comprises the step of continuously wetting said
sample with said liquid in said fluidically moving substan-
tially contained liquid bridge.

15. A method for efficient sample processing according to
claim 1 wherein said step of dynamically contacting said
fluidically moving substantially contained liquid bridge with
said sample comprises the step of sliding friction between
said fluidically moving substantially contained liquid bridge
and said sample.

16-78. (canceled)

79. A method for efficient sample processing according to
claim 1 wherein said sample is selected from a group consist-
ing of a biological sample, biological material, tissue, speci-
men, antigen retrieved tissue, epitope retrieved tissue, depar-
affinized tissue, histological sample, cells, cell specimens,
cell lines, proteins, cell membrane, synthetic peptides, cell
preparations, blood, bodily fluids, bone marrow, cytology
specimens, blood smears, thin-layer preparations, microarray
sample, microscopic slide-based biological samples, forma-
lin fixed paraffin embedded tissue samples, preserved sample,
and any combination thereof.

80. A method for efficient sample processing according to
claim 1 and further comprising the step of pretreating said
sample.

81. A method for efficient sample processing according to
claim 80 wherein said step of pretreating said sample com-
prises the step of pretreating said sample with a process
selected from a group consisting of deparaffinization, antigen
retrieval, epitope retrieval, heat induced antigen retrieval,
antigen retrieval, epitope retrieval, proteolytic-induced
epitope retrieval, and any combination thereof.

82. A method for efficient sample processing according to
claim 1 wherein said sample support element is selected from
a group consisting of a sample carrier, slide, glass slide, and
microscope slide.

83-85. (canceled)

86. A method for efficient sample processing according to
claim 1 wherein said step of steadily oscillating said fluidi-
cally moving substantially contained liquid bridge between
said wand and said sample support element back and forth
over said sample with said steady oscillating wand movement
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comprises the step of providing that each movement of said
fluidically moving substantially contained liquid bridge cov-
ers all of said sample.

87-89. (canceled)

90. A method for efficient sample processing according to
claim 1 wherein said step of applying a liquid to said sample
comprises the step of providing at least one component in said
liquid.

91. A method for efficient sample processing according to
claim 90 wherein said at least one component is selected from
a group consisting of an antibody, a DNA probe, a RNA
probe, a particle, a nanoparticle, a micro particle, a salt, a
primary antibody, a secondary antibody, a tertiary antibody, a
chromogenic substrate, a counterstain compatible with an
antibody-enzyme conjugate, a surfactant, a component
capable of reducing surface tension of a water based reagent,
any combination thereof.

92-94. (canceled)

95. A method for efficient sample processing according to
claim 90 and further comprising the step of redistributing said
at least one component within said fluidically moving sub-
stantially contained liquid bridge while oscillating back and
forth over said sample.

96. A method for efficient sample processing according to
claim 90 and further comprising the step of uniformly apply-
ing a concentration of said at least one component to said
sample.

97. A method for efficient sample processing according to
claim 1 and further comprising the step of on-slide mixing
said liquid on said sample support element.

98-100. (canceled)

101. A method for efficient sample processing according to
claim 1 wherein said step of processing said sample sup-
ported by said sample support element comprises the step of
processing said sample supported by said sample support
element without any wash steps.

102-114. (canceled)

115. A method for efficient sample processing according to
claim 1 wherein said step of dynamically contacting said
fluidically moving substantially contained liquid bridge with
said sample comprises the step of staining said sample.

116-118. (canceled)

119. A method for efficient sample processing according to
claim 1 wherein said step of processing said sample sup-
ported by said sample support element comprises the step of
staining said sample in about half an amount of time as
compared to a standard stain time.

120. (canceled)

121. A method for efficient sample processing according to
claim 1 and further comprising the step of providing a stained
sample having a property selected from a group consisting of
a sharp stain, crisp stain, a stained sample with substantially
no background, a stained sample with substantially no non-
specific staining, and a stained sample with substantially no
hue on the sample support element.

122-131. (canceled)

132. A method for efficient sample processing according to
claim 1 wherein said wand comprises a non-gas permeable
hydrophobic surface on said wand.
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133-171. (canceled)

172. A method for efficient sample processing according to
claim 1 and further comprising the steps of:

acutely contacting said fluidically moving substantially

contained liquid bridge with said sample support ele-
ment at an acute liquid to sample support element con-
tact angle;

obtusely contacting said fluidically moving substantially

contained liquid bridge with said wand at an obtuse
liquid to wand contact angle;

dynamically contacting said fluidically moving substan-

tially contained liquid bridge with said sample.

173-179. (canceled)

180. A method for efficient sample processing according to
claim 1 wherein said hydrophobic surface comprises a rough
hydrophobic surface.

181-183. (canceled)

184. A method for efficient sample processing according to
claim 172 wherein said step of acutely contacting said fluidi-
cally moving substantially contained liquid bridge with said
sample support element at an acute liquid to sample support
element contact angle comprises the step of providing an
adhesive force between said fluidically moving substantially
contained liquid bridge and said sample support element that
is greater than a cohesive force within said fluidically moving
substantially contained liquid bridge.
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185. A method for efficient sample processing according to
claim 172 wherein said step of obtusely contacting said flu-
idically moving substantially contained liquid bridge with
said wand at an obtuse liquid to wand contact angle comprises
the step of providing a cohesive force within said fluidically
moving substantially contained liquid bridge that is greater
than an adhesive force between said fluidically moving sub-
stantially contained liquid bridge and said wand.

186-237. (canceled)

238. A system for efficient processing of samples compris-
ing:

a sample support element having a hydrophilic surface;

a sample supported by said sample support element;

a steadily controlled oscillating wand having a hydropho-
bic surface located above said sample supported by said
sample support element;

an oscillating fluidically moving substantially contained
liquid bridge located between said steadily controlled
oscillating wand and said sample support element; and

a dynamic contact between said oscillating fluidically
moving substantially contained liquid bridge and said
sample.

239-464. (canceled)
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