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ABSTRACT
A sample, or slide, retaining tray includes a reagent reservoir, or recess, and a reaction
chamber. A slide, or other sample container, can be positioned on the sample retaining tray as
desired, with a tissue specimen face down, between a platen on the tray and the slide. A
reagent from the reservoir is rendered flowable, such as by heating, and flows from the
reservoir into the reaction chamber. Optionally, reagents or other fluids can be provided from
above, by dripping onto a drip surface of the sample retaining tray, or below via an inlet port in

the platen.
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REAGENT CONTAINER AND SLIDE REACTION AND RETAINING
- TRAY, AND METHOD OF OPERATION
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Field Of The Invention
The present invention is directed generally to a tissue sample processing system and, in

particular, to a sample retaining tray used in such a system.

Background Of The Invention

Tissue processors can be operated with varying levels of automation to process human
or animal tissue specimens for histology or pathology uses. Various types of chemical reagents
can be used at various stages of tissue processing and various systems have been developed for
delivering reagents to specimen containing slides. Examples of known reagent delivery
systems include small quantity release dispensers, manual pouring into reagent vats, or via bulk
containers connected with a processor via tubing.

There are various disadvantages of known systems. For example, manually pouring
into, or draining, reagent vats is time consuming and requires pouring accuracy, thereby
decreasing the overall efficiency of the tissue processing system. Another disadvantage 1s that
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manually pouring and draining reagents can be sloppy, requiring clean-up of spills and
consequential instrument down-time. A further disadvantage is that sel‘gctir}g the correct
rea_gen-t\requir'es operator attention and accuracy and there is an increased possibility _of reagent
application errors, resulting 1n a decrease in test accuracy and operational efficiency.

Automated systems also present various disadvantages. Reagents need to be selected
and administered to slides during processing. The reagents frequently need to be delivered via
gravity promoted dispensing from above. Suchi delivery systems requife specialized equipment
for reagent delivery such as specialized reagent dispensers or drivers or automated pipetting
systems. Such systems suffer various drawbacks such as the amount of effort required to set up
and .diSpensé the reagénts, thepossibili_ti.es of evaporation d.uring processing or contamination
and difficulties in handling minute quantities of large numbers of reagents.

One known shide retaining trziy and system for staining tissues is described in United
States Patent No. 5,338,358, ‘ As 1llustrated 1n that
patent, a platen is provided and various mounting elements are provided to mount a slide on the
slide tray. Space for five slides 1s 1Hustrated. A reaction chamber 1s provided betwecg- aplaten
surface and. a slide mounted on the tray; Reagents are introduced into the reaction chamber via
drip surfaces and attendant capillary actip,ri. Additional known slide retaining tréys and
systems are descdbed in United States Patents Nos. 5,695,942 and 5,965,545

As illustrated in those patents, individually hegted or cooled .

slide retaining apparatus are provided. The slides are positioned adjacent a surface and
reagents can be introduced between' the slides and their respective surfaces, such as by melting

a gel containing a reagent by heating.
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Summary Of The Invention

The present invention alleviates to a great extent the disadvantages of the known
automated slide staining systems by providing a sample retaining tray and reaction chamber
that may be utilized in a tissue processing system. Preferably, the sample retaining tray
provides a reaction chamber and optionally retains a reagent or plural reagents in one or more
reagent reservoirs. In an embodiment, the retaining tray includes a platen, a drip surface and a
recess that acts as a reagent container. The reagent container may house a reagent or
combination of reagents, suchasa pnmary reagent used in processing a substrate. The reagent
housed within the tray will be referred to herein as a “recess reagent.”

The platen and other structural features of the tray preferably orient a slide positioned
on the tray in such a way that a reaction chamber is formed between all or a portion of the
platen and the slide surface. The reaction chamber may be configured so that reagents can be
delivered into the reaction chamber, while the slide is in position. The substrate can be any
item that is desired to be processed, such as a human or animal tissue that is sectioned. The
retaining tray is preferably disposable after a single use, although multiple uses are possible as
well with the same system’. According to some embodiments, the rétaﬁﬁng tray may be
provided with an identifier that provides information concerning the reagent(s) contained
within the tray, or the type of tray where multiple tray types may be used in a system.

In an embodiment, the reagent in the reagent recess is provided in a fluidizable matnx,
such as a gel or meltable solid. A system using the retaining tray preferably includes a
temperature controlling system, such as including a heating and/or cooling element positioned
so as to provide heat or cool to the reagent recess as desired such as to heat the reagent so as to

liquefy it sufficiently for it to flow as desired into the reaction chamber, from the reagent
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recess. The heating and/or cooling element(s) optionally are disposed substantially beneath the
bottom surface. In addition, the heating and/or cooling elements can be used to control reaction
kinetics, and to cool the reagent matrix in the reagent chamber so as to retain the reagent matrix
1n a solid, gel or other non-flowable form, such as to counteract the heat levels generated by an
mstrument.

Other reagents for processing the substrate may be dispensed onto a drip surface that is
configured to receive the reagents dispensed from above, and then direct the reagent(s) to flow
as desired, such as into the reaction chamber formed between the platen and the slide. The
external reagents, which are applied from external sources, can be secondary reagents, pnmary
reagents or any other fluid desired to be applied. Reagents supplied from external sources will
be referred to herein as “external reagents”.

A removable barrier or seal may be used to cover the reagent containing recess. The
barrier or seal preferably is relatively vapor and fluid impermeable, and covers any otherwise
open portions of the recess, such as the top and one or more side surfaces. In an alternative
embodiment, a side surface of the recess is blocked with a slidable barrier that can be slid out of
blocking engagement as desired, and then slid back if desired.

In an embodiment, the reagent containing recess is refillable. For example, the recess
optionally includes a bottom surface having one or more apertures for supplying a
predetermined amount of a matrix containing the recess reagent to the recess. Any other filling
mechanism that can fill the recess as desired also can be used, such as re-loading the recess
reagent, such as a primary reagent, into the recess from above. The reagent can be positioned
into the recess 1n refilling in any form, such as caplets, one or more pellets, dripping, pouring,

or squeezing from a tube.
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Fluids and reagents also can be introduced into the system by other means. In one
embodiment, fluids and/or reagents are introduced, and/or evacuated from below. One example
is by providing one or more fluid entry ports in the platen and optionally one or more flud
evacuation ports also in the platen. Preferably the entry and evacuation ports are at generally
opposite ends of the platen so as to create a fluid flow gradient from one end to the other end of
the platen. With a slide positioned in the tray, the reaction chamber is formed between the shde
and platen, with a fluid flow gradient from one end to the other. In one embodiment, each of
the fluid entry and evacuation ports have plural holes, that are relatively small, so that they act
as a screen. Optionally, a screen can be positioned on the ports.

The size of the space between the tray platen and slide can be configured to create fluid
flow properties as desired. In an embodiment, the reaction chamber width (1.e. distance
between platen and slide) is thin enough so as to promote capillary action induced fluid flow
from one end to the other. Preferably the fluid flow is from the reagent recess end towards the
opposite end. In this way, reagents flow via capillary action from the recess towards the
opposite end of the reaction chamber. Moreover, secondary or other reagents introduced from
above onto a drip surface also may be induced to flow from one end to the other. Likewise

fluids introduced from below via the fluid entry port may be induced to flow via capillary
action. In that way, assistance from a pressure gradient created from the evacuation port 1s not
required, although optionally can be used as well. In another embodiment, the reaction
chamber width may be selected so as to prevent capillary action. In such an embodiment,
directed fluid flow can be achieved such as via gravity or via pressure differentials between

input and evacuation ports.
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In another aspect of the invention, the platen is elevated above a bottom surface of the
tray. The space formed between the side walls of the platen, the walls of the tray, and the
bottom of the tray can retain fluid overflow from the platen and reaction chamber. In addition,
that space may be used to mix reagents before drawing them onto the platen. Such fluids can
be evacuated via the evacuation port(s).

Another aspect of the present invention involves a substrate processing system able to
utilize multiple retaining trays. The system further includes fluid handling systems, suchas a
pipetting system or dispensing assembly that dispenses external reagents from above onto the
tray drip surfaces as desired. Likewise, optionally a fluid manifold is provided for directing
multiple different fluids from below to the entry ports and for directing waste fluid(s) as desired
from the evacuation ports to one or more waste fluid containers.

A further aspect of the present invention involves a method of using a tray for retaining
a slide having a substrate attached thereto, wherein one or more reagents are provided into the
reaction chamber from a reagent recess via flow from the recess into the reaction chamber,
optionally induced by heating the recess. Optionally additional reagents can be dispensed from
above onto a drip surface that is oriented to allow the fluid to flow into the reaction chamber as
well. Additionally, fluids can be provided from below via the entry port(s) and evacuated via
the evacuation port(s). It should be understood that any ordering of these options may be
selected, and any number of reagents can be selected — whether single or multiple bulk
reagents, external reagents or recess reagents.

An additional aspect of the present invention involves a method of manufacturing a tray
for retaining a slide having a substrate attached thereto, wherein the tray houses a recess reagent

to be used in processing the substrate. The method includes the steps of fabricating the tray to

6



10

15

20

CA 02535317 2006-02-07

include a recess, dispensing a desired quantity of a matrix containing a reagent into the recess,
sealing the recess and applying a machine readable identifier to the tray.

These and other features and advantages of the present invention will be appreciated
from review of the following detailed description of the invention, along with the

accompanying figures in which like reference numerals refer to like parts throughout.

Brief Description Of The Drawings

FIG. 1 is a top perspective view of a slide retaining tray in accordance with the present
invention;

FIG. 2 is a bottom perspective view of a slide retaining tray in accordance with the
present invention;

FIG. 3 is a an exploded view of a top perspective view of a slide retaining tray and
slide positioned thereon in accordance with the present invention;

FIG. 4 is a top perspective view of a slide retaining tray with a sealed reagent recess, in
accordance with the present invention;

FIG. 5 is a top view of a slide retaining tray in accordance with the present invention,;

FIG. 6 is a side cross-sectional view of the slide retaining tray of FIG. 5, taken along

line A-A, in accordance with the present invention;

FIG. 7 is a cross-sectional view of the slide retaining tray of FIG. 5, taken along line B-

B, in accordance with the present invention;

FIG. 8 is a detail view of a portion of the slide retaining tray of FIG. 7, indicated by

detail C, in accordance with the present invention,
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FIG. 9 1s a detail view of a portion of the slide retaining tray of FIG. 5, indicated by
detail D, in accordance with the present invention;

FIG. 10 1s a detail view of a portion of the slide retaining tray of FIG. 5, indicated by
detail E, 1n accordance with the present invention;

FIG. 11 is a detail view of a portion of the slide retaining tray of FIG. 6, indicated by
detail F, 1n accordance with the present invention;

FIG. 12 1s a cross-sectional view of a slide retaining tray in accordance with the present
invention;_

FIG. 13 is a perspective view of a slide retaining tray in accordance with the present
Invention;

FIG. 14 1s a perspective view of a slide retaining tray in accordance with the present
invention;

FIGS. 15-17 are top views of slide retaining trays in accordance with the present
invention 1llustrating examples of platen shapes and sizes;

FIG. 18 is a top view of a tissue processing system suitable for use with one or more
slide retaining trays in accordance with the present invention;

FIG. 19 is a side view of the tissue processing system of FIG. 18;

FIG. 20 is a flowchart depicting a method of manufacturing a slide retaining tray in
accordance with the present mvention; and

FIG. 21 is a flowchart depicting a method of using a slide retaining tray in accordance

with the present invention.
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Detailed Description

In the following paragraphs, the present invention will be described in detail by way of
example with reference to the figures. Throughout this description, the preferred embodiment
and examples shown should be considered as exemplars, rather than as limitations on the
present invention. As used herein, the "present invention" refers to any one of the embodiments
of the invention described herein, and any equivalents. Furthermore, reference to various
feature(s) of the “present invention" throughout this document does not mean that all claimed
embodiments or methods must include the referenced feature(s).

A sample or slide retaining tray 10 in accordance with the principles of the present
invention is illustrated in the figures and described in the following paragraphs. As used herein
the terms sample retaining tray and slide retaining tray are used interchangeably for a retaining
tray 10 that can retain a sample and/or slide. In the illustrated embodiment, sample retaining
tray 10 is configured to be a microscope slide retaining tray 10 but it shall be appreciated that
sample retaining tray is not so limited and may be configured to retain any sample or sample
container. In accordance with an aspect of the present invention, slide retaining tray 10
functions as a reagent container, a reaction chamber and a slide positioning and retention
system that may be used in processing a substrate such as a tissue sample.

In one embodiment, the slide retaining tray 10 is disposable after a single use, although
it also can be used multiple times and the reagent container can be refillable. Optionally, the
slide retaining tray 10 can include an identifier that is human or machine readable. Examples
of identifiers can be visually readable, magnetically readable, tactilely readable etc. Preferably -

the identifier identifies the reagent contained in the reagent container of the retaining tray (1.e.
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“recess reagent”), for example a primary agent. Use of disposable trays, helps to assure
reagents are not cross-contaminated.

Shide retaining tray 10 generally includes a container surface 20 into which reagent
recess 30 (also called “reagent container”) extends from the container surface 20. In a preferred
embodiment a recess reagent is deposited with the recess 30. Any type of reagent can be
deposited 1n the recess 30, such as a primary reagent, secondary reagents, bulk reagents or
combinations thereof. It should be understood that although a single reagent container 30 1s
illustrated, the slide tray can contain any number of reagent containers 30 as desired.

Preferably the reagent contained in the recess(es) 30 1s in a matrix that is 1n a solid or
gel form at typical ambient room temperatures (such as between 50 and 90 degrees Fahrenheit),
but flowable at elevated temperatures. In one example, a primary reagent or mixture of
reagents are contained within a gel base hiquefiable at a temperature of 180 degrees Fahrenheit.

Other phase change temperatures can be selected as desired, such as between 75 and 211
degrees Fahrenheit. Alteratively, a reagent solution can be contained within liquid solution
contained within a gel cap or other container within the recess 30. Preferably the reagent
containment also is heat releasable at elevated temperatures. Other elements of the shde
retaining tray that will be discussed in greater detail below include for example, a flow and dnp
surface 40, platen 50, inlet port 60, evacuation port 70, rib 80 and examples of slide orientation
tabs 90,100. It should be appreciated that multiple platens 50 and multiple reaction chambers

120 can be provided, such as illustrated in United States Patent No. 5,338,358.

Slide retaining tray 10 can be formed of any material having sufficient structural
strength and process neutral properties to support a slide, retain and be compatible with

reagents and the temperatures employed during use. Examples include polymeric matenals
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such as plastics or cellulosic (1.e., cellulose based or comprising) materials, metals, glass etc.
One exemplary material is polyoxymethylene thermoplastic such as DELRIN ( a registered
trademark of E.I. DuPont de Nemours and Co. of Wilmington, DE). The tray 10 can be formed
by any process known in the art such as injection molding, machining or any other
manufacturing process suitable for generating the desired features of the tray. In addition, it
should be appreciated that the tray can be composed of multiple materials, such as for example,
the recess region made of one matenal and the platen region of another.

The reagent recess(es) 30 can be of any shape, depth or orientation as desired such that
the reagent(s) contained therein are directed into the reaction chamber 120 as desired during
processing, and a reagent matrix can be contained within the recess 30. In the illustrated
embodiment, the recess is formed at a generally lower level below container surface 20. Recess
30 includes side surfaces 610 that are illustrated as a single curved surface, and a bottom
surface 620. For ease of discussion, the inside bottom surface 1s illustrated with reference
number 620 and the opposite corresponding surface on the bottom/outside of the tray 10 1s
illustrated with reference number 630. As illustrated, in an embodiment, the recess side wall
610 only partially encircles the recess 30, and there 1s a gap 640 defined between the ends of
the side wall 610. When the reagent matrix is fluidized, the reagent may flow through the gap

and along the fluid flow ramp 650. Furthermore, the bottom surface 620 is generally flat,

although it also can be sloped so as to promote fluid flow in any desired direction. Any other
profiles also can be selected as desired, such as a stepped or curved surface.

The outside bottom surface 630 preferably is shaped and sized so as to match a
corresponding heating element in a processing system, so as to best promote heat transfer from

the heating element to the bottom surface 630. Efficient heat transfer between a heating
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element and bottom surface 630 1s desired so that heat may be efficiently transferred to the
inside of the recess 30 so as to fluidize reagents that are stored therein i a temperature
fluidizable form, such as gels. Thus, the outside bottom surface 630 preferably is shapedina
way that promotes such heat transfer engagement, and might be relatively flat as illustrated or
altemmatively curved, angled or otherwise shaped.

It should be understood that the term “fluidizable” or “fluidize” as used herein can
encompass any transition from one state to another, such as from a non-flowable to a flowable
form, such as a liquid or viscous form, or to a gaseous form, such as when a reaction chamber
can be humidity controlled. In one embodiment, a gel material becomes flowable when heated
sO as to transition to a substantially liquid form. It also should be noted that “liquefy” or
“liquefiable” as used herein encompass any state transition properties that encompass a
transition from a relatively non-flowable to a flowable state as do the terms “fluidize” or
“fluidizable”.

Referring to FIG. 4, an optional seal 660 (preferably removable) is provided that covers
and preferably seals the recess 30, including covering and sealing the optional gap 640 and
optionally also and preferably also covering the ramp 650. The seal 660 optionally includes a

pull tab 665 to facilitate manual engagement and gripping of the seal so an operator may pull
on and remove the seal from the retaining tray 10. In another embodiment, an enlarged seal
660 is provided that covers all or a portion of the platen 50 and optionally the inlet and/or
evacuation ports 60, 70, as shown in FIG. 13.

Seal 660 is preferably manually removable from the slide retaining tray prior to tissue

processing. For example, a user may remove the seal by grasping tab 665 and pealing seal 660

from tray 10. Although tab 665 is illustrated as being positioned at an end of the seal 660
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adjacent to recess 30, it shall be appreciated that tab 665 can be positioned at any location on
seal 660 such that it can be grasped by an operator. In an embodiment, portions 667 of seal 660
may remain affixed to the slide retaining tray 10 after the majority of the seal has been
removed. In an alternative embodiment, a slidable barrier is provided to cover the gap 640
and/or the top of the recess 30, wherein the slidable barner can be shd out of blocking
engagement as desired, and then slid back if closure is desired.

Seal 660 may be constructed from any material that serves to cover the recess 30 and
retain the material contained therein. Preferably the seal is substantially vapor impermeable so
as to inhibit evaporation of the material contained within the recess 30. In one example the seal
660 is a multi-layer composite including an outer foil layer and other layers of one or more
polymeric or cellulosic materials (such as a coated paper), which in turn is coated with an
adhesive. The adhesive can be a contact adhesive to hold it in place, or any other form of
retainer, such as other adhesives, heat seals, or mechanical seals, such as crimping.
Alternatively a chemical seal can be applied by dispensing a chemical between the matenial in
the recess 30 and gap 640 and/or the environment wherein the chemical inhibits fluid flow or
vaporization.

Any number or type of reagents may be deposited into recess(es)30. For example,
reagents suitable for a potentially unlimited variety of procedures can be provided in the matrix
included within one or more recesses, including immunohistochemistry procedures, staining
procedures, in situ hybridization procedures, other histochemical procedures etc.

Examples of primary reagents (also called probes, markers or controls) that can be
positioned either alone or in combination in recess 30 include, without limitation, any type of

antibodies, probes, nucleic acids (RNA, DNA or oligonucleotides), ligands, ligand receptors,
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enzymes or enzyme substrates or any other molecules suitable for a desired use. The reagents
can be In a natural form, purified, concentrated, diluted or otherwise conditioned. In an
embodiment, the addition of signal molecules such as fluorescent dyes, enzymes, biotin, avidin,
steptavidin, metals (such as silver or gold particles), dyes, stains, radioactively tagged
molecules, or any other substances such as signaling or reporter molecules.

Optionally one or more secondary reagents can be included in the recess(es) 30. Ina
preferred embodiment, secondary reagents are dispensed from above onto a drip and flow
surface of tray 10, either via a container dispensing system or pipetting system, all as discussed
in greater detail below. Examples of secondary reagents that can be positioned either alone or
in combination with other secondary reagents, or in combination with one or more primary
reagents or bulk reagents in the recess(es) include, without limitation, any type of antibodies,
probes, nucleic acids (RNA, DNA or oligonucleotides), ligands, ligand receptors, enzymes or
enzyme substrates or any other molecules suitable for a desired use. The reagents can be in a
natural form, purified, concentrated, diluted or otherwise conditioned. In addition, signal
molecules such as fluorescent dyes, enzymes, boiotin, avidin, steptavidin, metals (such as silver
or gold particles), dyes, stains radioactively tagged molecules, or any other substances such as
signaling or reporter molecules may also be included.

Optionally one or more bulk type of reagent can be included in the recess(es) 30,
although this is not preferred. In a preferred embodiment, bulk reagents are stored in containers
and dispensed into the reaction chamber 120 of the slide retaining tray 10 via a manifold
system directing the fluids into an entry port (discussed in greater detail below) of the slide tray

10. Examples of bulk reagents that can be positioned either alone or in combination with other
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bulk reagents, or in combination with one or more primary reagents or secondary reagents in
the recess(es) include, without limitation, the following:

Tris Buffered Saline (TBS) Tween

TBS

Distilled Water

Dewaxing Solution

In one embodiment, the recess(es) 30 includes one or more apertures 670 that pass
through bottom surface 620/630. Apertures 670 optionally can be used to fill or re-fill the
recess 30 with a desired amount of a matrix 680 containing areagent. After filling the recess
with the reagent matrix, apertures 670 may be closed in any desired fashion, such as by
applying a tape or other covering. Any other filling method or apparatus may be used to fill the
recess as desired. One example is loading (or re-loading) the reagent matrix from above, into
the recess 30. Such a technique has an advantage of rendering unnecessary the aperture(s) 670
on the bottom surface of the recess 30. The reagent can be positioned 1n the recess 1n any form,
such as caplets, one or more pellets, liquid that is dripped into recess 30 and solidified by
reducing the temperature (or gel), or gel or liquid that is poured or squeezed from a tube.
Reagent matrix 680 optionally may be formed by providing a macroscopic solid support

formed of a solidified matrix material and encapsulating one or more reagents therein. The
macroscopic solid support may be disintegrated to release the reagent therefrom as desired.
The matrix material may be made of a material which can be broken down or decomposed by

any physical or chemical process whereby the reagent can be released, such as by puncturing a

structure, applying electricity, applying pressure or vacuum, or exposurc to heat,
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electromagnetic (EM) radiation or solvents. For example, the disintegration of a gel matrix
may be accomplished by liquefying the gel using heat or by dissolving the gel using a solvent.

By way of example, the matrix material may be sucrose or starch containing antibodies
and decomposition may be achieved by exposing the matrix to aqueous or aqueous buffered
solutions so that the matrix need not be heated if so desired. However, application of heat can
decrease the time required for decomposition of the matrix and therefore may be desirable.
When selecting a matrix material for a given reagent, it is desirable that the reagent and matrix
material do not irreversibly bind. Moreover, when using solid or semi-solid matrices, the
support material preferably is miscible with the solvent employed for the reaction procedure.

According to the present invention, supplying reagents to the reaction chamber 120 may
be accomplished in a number of ways. In an example, one or more recess reagents are provided
in reagent recess 30 within a gel matrix 680. The reagents can be delivered to the reaction
chamber such as by melting or otherwise liquefying or dissolving the gel 680 causing the
hquefied reagent to flow into gap 640 and toward the reaction chamber 120.

In the illustrated embodiment, the fluid flow passage includes fluid flow ramp 650 and
drip surface 40 positioned between the reagent recess 30 and reaction chamber 120. Preferably
one or both of the drip surface 40 and ramp 650 are declined towards reaction chamber 120 so
as to promote gravitation force induced fluid flow towards the reaction chamber 120.

Other reagents also can be delivered either via the reagent recess(es) 30 or other
devices. Likewise, the reagents can be delivered by other devices. In one example, external
reagents are delivered by drop-wise application of solutions onto drip surface 40 from above.
As explained in further detail below, the drop-wise application of reagents can be accomplished

using an automated fluid dispensing apparatus, such as from automatically controlled pipetting
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systems or reagent dispensing containers. Alternatively, the drop-wise application of reagents
can be performed manually. As a further alternétive, reagents (or other solutions, such as
washing or buffering solutions) may be provided via port 60. In such an embodiment, a fluid
delivery manifold including passageways and valves may provide the fluids to port 60.
Fluid that has been introduced from recess 30, is caused to flow into the reaction
chamber 120 by virtue of one or a combination of capillarity (i.e., capillary action) (such as
where the fluid enters a section in which a slide 110 is positioned adjacent the platen 50),
pressure differential applied via one or both of the inlet port(s) 60 and evacuation port(s) 70,
vacuum pulsing, such as applied via the evacuation port(s) 70, and gravity. Gravity can be
used to induce fluid flow alone, such as where the forces generated by the melting matrix 680
induce flow from the reagent recess through the gap 640 and into the reaction chamber 120.
Fluid molecules at the top of the matrix 680 can have momentum via gravity. In an
embodiment in which the bottom surface 620 is elevated relative to the platen 50, a ramp 650,
which may be straight, curved or stepped, is provided between the bottom surface 620 of recess
30 and the dnp surface 40 and/or platen 50 (in embodiments lacking a drip surface 40),
whereby fluid flows down the ramp 650 from the reagent recess 30 and towards the reaction
chamber 120. In another embodiment, the bottom surface 620 of recess 30 1s aligned with the
platen surface 50 Fluid that has been introduced via the drip surface 40 may also be caused to
flow into the reaction chamber 120 by virtue of capillarity and/or gravity. In addition, fluid
introduced via inlet port 60 can flow through the reaction chamber 120 by virtue of capillanty.
In addition, a pressure differential between the inlet port 60 and the reaction chamber also can
induce fluid flow through the reaction chamber 120. Further pressure differentials can be

generated by providing a negative pressure (or vacuum) at the evacuation port 70, inducing
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flow in the direction of the evacuation port 70. Furthermore, features may be added to the top
surface of platen, such as rib 80, to further enhance the fluid flow properties of the reaction
chamber such as by maintaining reaction chamber 120 at a desired size.

After the fluid(s) introduced into the reaction chamber 120 have been within the
chamber a desired amount of time, the fluid(s) remaining can be discharged via the evacuation
port 70 in a similar fashion in which a negative pressure differential or vacuum is introduced
via the port 70. Optionally wash fluids are introduced into the reaction chamber 120, for
example by being pumped in through 1nlet port 60, to flush the reaction chamber 120 as
desired. Evacuation port 70 optionally includes a filter (or plural small apertures) to screen or
filter debris.

Platen 50 includes a generally flat surface that is the platen is elevated above a bottom
surface of the tray 10. Fluid inlet port 60 is disposed at one end of the platen 50 and the
evacuation port(s) 70 are preferably disposed at an opposite end of the platen 50. By spatially
separating these ports on the platen 50, a pressure gradient can be introduced into reaction
chamber 120 that promotes fluid flow between the inlet and evacuation ports 60, 70. As
illustrated in FIG.1, inlet port(s) 60 is situated at the end of platen 50 that i1s adjacent dnp
surface 40 and the evacuation port(s) 70 are at the opposite end. By positioning the inlet port
60 adjacent the drip surface 40, all the fluids introduced into reaction chamber 120 can be
introduced from the same end (i.e. from drip surface 40 or reagent recess 340 or inlet port(s)
60) thereby promoting fluid flow in a single direction if desired. Moreover, fluid flow can
further be promoted in this direction by slightly angling the shide 110 when positioned adjacent
the platen 50 to form reaction chamber 120, promoting capillarity induced flow as directed by

the slide angle relative to the platen.
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Other fluid directing elements can be provided on the platen 50. For example a
shoulder 160 may be provided at an end of the platen 50 near evacuation port 70 as shown in
FIG. 1. In addition, multiple guide lips 162 may be provided at a proximal end of the platen
50. The shoulder 160 provides a lip along the distal side of the platen 50. As 1llustrated,
shoulder 160 extends substantially around evacuation port 70 and toward the proximal end of
the platcn 50. In an embodiment, the top surface of the shoulder 160 is formed at substantially
the same height relative to the top surface of the platen 50 as that of the tops of slide onentation
tabs 90,100 or other slide orientation features at the fluid inlet end (proximal end) of the platen
50. As a result, in such an embodiment, a slide held within tray 10 will generally contact
shoulder 160 and slide orientation tabs 90, 100. In another embodiment the top surface of
shoulder 160 is at a different height so that the slide is angled relative to platen 50. In a still
further embodiment, the slide may be positioned so that reaction chamber 120 is wider at the
proximal end (near the drip surface) and thinner at the distal end. The heights of the shoulder
160 and slide orientation elements including tabs 90, 100 may be selected to provide a desired
volume within reaction chamber 120. In particular greater heights of shoulder 160 and tabs 90,
100 relative to platen 50 provides a greater volume within reaction chamber 120 than relatively
low heights of those features relative to platen 50. Preferably, the volﬁme of reaction chamber
120 is selected to provide or prevent capillary action within the chamber 120 as desired, and/or
to allow fluid flow caused by a pressure differential if desired. Any size reaction chamber 120
can be selected so long as a desired volume of reagent is able to flow through reaction chamber
120.

It should also be appreciated that the volume of recess 30 may be selected to correspond

to the volume selected for the reaction chamber 120. For example, a larger recess volume can

19



10

15

20

CA 02535317 2006-02-07

be selected 1if relatively thick tissue sections 116 are used which requires a large reaction
chamber. It should be appreciated that as used herein the terms “section” and “sample” are
used interchangeably and use of the term “section” is not intended to limit the application to
tissue that has been cut into sections. It also should be appreciated that multiple types of slide
retaining trays 10 can be used in a single processing system 200 (discussed in greater detail
below). For example trays 10 having a variety of different sized recesses 30 and reaction
chambers can be provided as desired. For example, tissue sections of 4 to 5 microns may be
selected and an operator may select a slide retaining tray suitable for those tissue sections and
different trays suitable for samples having larger or smaller section thickness.

Alternatively, the volume of reaction chamber 120 may be adjusted by altering the
shape of platen 50. For example, a relatively wide platen 50 1s depicted in FIG. 15. A
relatively narrow platen 50 is depicted in FIG. 16. In addition, a platen 50 having narrow
proximal and distal portions and a wide central portion 1s depicted in FIG. 17. These shapes
are not exclusive, and it should be understood that they are provided as examples only out of
the numerous shapes that can be selected. In an example, slides having a 26 mm width are
used, and a slide tray having a width between opposite inside side walls 140 of 28 mm )and a
platen having a width of 24 mm 1s selected. It should be appreciated that selecting a slide tray
having a width that is close to the width of the slide may be desirable to inhibit fluid
evaporation. In a preferred embodiment, the slide tray has a width between 24 mm and 28 mm
to accommodate typical microscope slides.

Preferably shoulder 160 serves to form a seal with the bottom surface 114 of the slide
110 so as to form a seal with the slide serving to inhibit vacuum leakage in that region during

suction operation of the evacuation port. During tissue processing or other fluid flow, shoulder
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160 helps direct fluid flow into fluid return conduit through evacuation port 70. On the
underside of the tray, attachment conduits 65, 75 attach the inlet and evacuation ports,
respectively, to a sample processing system that utilizes the Slide retaining tray. In addition, or
as an alternative, to allowing for fluid connectivity, conduits 65, 75 may serve to assist with
mounting of tray 10 within a sample processing system. In a preferred embodiment, fluid
connectivity is provided via the conduits 65, 75 to the respective ports 60, 70. In an
embodiment, a manifold system included within a sample processing system provides tubing
and valves connected to the tray via the conduits 65, 75 as discussed further herein. In an
embodiment, conduits 65, 75 may be configured to have different dimensions to facilitate
proper engagement with corresponding parts. Inparticular, the size and/or shape of conduits 65
and 75 may differ so that tray 10 may only be mounted to a sample processing system in a
desired orientation. Such a difference may be used as a safeguard against improper installation.

An overflow and reagent mixing chamber 155 may be formed between the side walls
130 of the platen 50, the inside walls 140 of the tray 10, and the bottom surface 150 of tray 10.
Overflow and mixing chamber 155 may be configured to retain any excess fluid that overflows
from the platen 50 and reaction chamber 120. In operation, if more fluid is introduced into the
tray 10 than can be retained within the reaction chamber 120, the excess éan overflow into the
overflow and mixing chamber 155. The overflow and mixing chamber can serve as a
secondary reaction chamber or a secondary reservoir, wherein, as evaporation occurs from the
reaction chamber 120 (or some fluid is evacuated via the evacuation port 70), fluid in the
overflow chamber 155 may be redirected to reaction chamber 120, such as by condensation or
suction provided by the evacuation port 70. In this way, fluid leaving the system via

evaporation or evacuation can be replaced by fluid retained in the overflow chamber 155. Asa
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result, the overflow and mixing chamber 155 can thereby act as a humidity regulator. In
addition, different reagents may be delivered to platen 50 in deliberate excess and allowed to
mix in overflow and mixing chamber 155 and then drawn back into the reaction chamber 120
by application of a vacuum to outlet port 70. It should be appreciated that overflow and mixing
chamber 155 may be configured to function as one or both of an overflow chamber and a
mixing chamber as desired. Overflow and mixing chamber 155 may also include an overflow
drain 185 to drain excess fluid directly from overflow and mixing chamber 155.

Retaining tray 1s configured to receive a slide 110 on top of shoulder 160 and tabs
90,100 and/or any other suitable slide orienting elements that serve to position a slide as
desired within the tray 10, as shown in FIGS. 3 and 12. Preferably, the slide orienting
elements create a space between slide 110 and platen to form reaction chamber 120. Slide
110 generally includes a top surface 112 and a bottom surface 114. In operation, a tissue
section 116 1s positioned on bottom sﬁrfacc 114. When shide 110 is positioned on slide
retaining tray 10, the bottom surface 114 is positioned adjacent the platen 50 such that tissue
section 116 1s situated within reaction chamber 120, i.e. between the bottom surface 114 of the
slide 110 and the top surface of the platen 50. Tissue sample 116 may be attached to the slide
In any manner such that the slide and tissue sample can be positioned on the slide retaining tray
10 1n the reaction chamber 120 space. In one example the tissue sample may be positioned on
the shde 110 without adhesive. In an alternative embodiment, an adhesive or fluid can
introduced between the section 116 and slide surface 114 to enhance surface adhesion forces.

Optionally a slide rocker 170 may be provided. In the illustrated embodiment, the shide
rocker 170 1s positioned adjacent the distal end of the platen 50. The slide rocker 170 can be

used to assist in positioning or removing the slide from tray 10. For example, a slide
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positioned on the slide retaining tray 10 can be removed by an operator by pushing on an end of
slide 110 adjacent the rocker. When the shde is pressed, the platen 50, or optional shoulder
160, positioned at the distal end of the platen 50 acts as a fulcrum on which the slide pivots
causing the end of slide 110 adjacent to recess 30 to lift away from the slide retaining tray 10
allowing the operator to grasp the hfted end. The rocker 170 may be sized so that the hifting
motion of the slide is limited as desired. The rocker preferably includes a relatively elongate
top surface that the slide engages so that during the removal of slide 110 from tray 10, the
lateral tilting of the slide is limited.

Slide retaining tray 10 may optionally include a machine readable identifier 175, shown
in. FIG. 1, that may 1dentify the recess reagent contained within recess 30. Furthermore, any
other information may be included in identifier 175 such as information regarding tissue
processing tissue type, the patient and/or the doctor. Any form of machine readable identifier
can be used, including physical identifiers, magnetic identifiers, radio frequency 1dentification
(RFID) identifiers, bar codes etc. In an embodiment, the identifier 175 is positioned on a top
surface or a side surface of the slide retaining tray and i1s read optically. In another
embodiment, the identifier is positioned on an underside of the tray 10.

Slide 110 optionally includes a machine readable identifier such as a bar code that may
be automatically input into a processing system during any stage of processing, or via manual
input. In an embodiment, a slide identifier is positioned on the top surface of the slide and may
be read while an operator is applying a tissue sample 116 to the slide. In such an embodiment,

when the shide 110 is positioned upside down on the slide retaining tray 10 the slide identifier

may be face down and unreadable. Machine readable identifiers can be attached to the tray

and/or slide in any conventional manner, for example by using an adhesive. Alternatively,
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machine readable identifiers may be directly printed on the tray and/or slide, or applied via heat
Impression.

When slide 110 has been positioned on the slide tray 10, such as being oriented by
shoulder 160 and/or tabs 90, 100, a gap is formed between the undersurface 114 of the shide
110 and the platen 50, which is the reaction chamber 120 discussed herein. The tissue section
116 1s disposed within the gap 120. Wash liquids such as distilled water or other rinses are
pumped in through inlet conduit 65 and inlet port 60, such as via a fluid delivery manifold or
any other fluid delivery system. When these wash liquids enter the reaction chamber 120, they
spread as discussed previously (such as for example by capillarity) and flush the area for
subsequent tissue processing steps. Waste and excess fluid are drawn through evacuation port
70 and conduit 75, and ultimately can be deposited in to a waste reservoir.

Slide tray 10 may be mounted to a mounting surface provided within a larger sample
processing system by mounting tabs 180. As shown, mounting tabs 180 include angled
engagement hooks 182 that are configured to be received within corresponding receiving
apertures provided on the mounting surface and serve to lock the tray 10 in place. Grip
surfaces 184 can be provided to promote grasping of tabs 180, and tray 10, by an operator.
Mounting tabs 180 can be deformable such that an operator pushing on the tab can displace it
towards the main portion of shde retaining tray 10. In this way, an operator can unlock the
angled hooks 182 from the receiving apertures. Preferably, mounting tabs 180 are resilient
such that after an operator deforms them they naturally return to an undeformed position.

The upper edges 186 of mounting tabs 180 can be elevated above the level of top
surface 188 of the adjacent tray wall so that the graspable surface area may be enlarged. In

addition, it can serve to increase the distance between grip surfaces 184 and the pivot point,
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-thereby reducing the spring strength of the mounting tabs 1',80 and making 1t easter for an

operator to disengage the slide retaining tray 10 from receiving apertures. AJtematiVély,.the

upper edges 186 of the mounting tabs 180 can be flush with or below the top surfaces 188 of

the zi_dj acent tray walls.

The underside of the tray can be sculpted in any way. It is shaped to match the
corresponding heating element(s) 340, 342 and/or 344 (discussed below) SO as to promote

heating and cooling engagement. Altematively, the heating elements 340, 342and/or344_can

- be selected to match thé underside of the tray (such as the underside of the platen and/or the

underside of thc"reagent ECESS. Likewi,sé_stackjng tabs 190 can Beprovided. The étacking tabs
promote registration of the slide trays 10 for storage or transpbrt. Inan illuStrated embodiment,
e.ach.of stacking tabs 190 defines a recess 192, which matches a corresponding _upper'edge 194
of a tray 10 when it is positioned undemeath.

- The top penimeter of the slide retaining tray 10 can include angled surfaces 196, or
bevels, as i'llustrated.-. Angled surfaces 196 may add structural ngidity ;:md may promote
registration of stacked trays either alone or in conjunction with stacking tabs 190. In an
embodiment, identifier 175 is positioned on one or more of the an-gled silrfaées 196.

Referring to FIGS. 18 and 19, a tissue sample processing system 200 with which one or

- more sli_dé retaining trays 10 may be used will now be described. The system 200 includes a

fluid dispensing apparatus 210 having P plurality of stations 220 at which fluid dispensing

cartridges 230 may be mounted. A fluid dispensing apparatus including a multiphcity of fluid

~ dispensing cartridges 230 is described in U.S. Patent Application Serial No. 10/639,021.

Alternatively, a fluid
dispens‘ing system using tubing or pipetting can be used as well, such as described for example
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in U.S. Patent No. §,338,358. The stations 220 include mounting apertures 240 for selectively
mounting a plurality of fluid dispensing cartridges 230. Dispensing apparatus may rotate for
selectively positioning a plurality of fluid dispensing cartridges 230 adjacent to an actuator
assembly 250, which is used to trigger the ejection of a desired amount of a fluid, such as a
secondary reagent or a de-waxing fluid, from a reagent dispenser 260.

The slide retaining trays 10 are positioned generally beneath fluid dispensing apparatus
210 taking advantage of gravity to deliver fluids from a cartridge 230, onto the drip surface 40
of a desired slide retaining tray 10. Preferably, fluid dispensing apparatus 210 and shde
retaining trays 10 are movable with respect to one another so that plural cartridges 230 can be
positioned to dispense fluids on any desired tray 10. Any combination of movability of the
flmd dispensing apparatus 210 and the shide retaiming trays 10 may be selected. For example,
both may be movable or only one may be movable and the other stationary. The retaining trays
10 may all support the same type of item, such as slides, or they may be configured to support
alternative types of items such as slides and containers.

In an example of operation of the tissue processing system 200, the fluid dispensing
apparatus 210 is rotated so that individual cartridges 230 are selectively positioned adjacent
actuator assembly 250. Alternatively, an actuator assembly may be positioned adjacent to each
cartridge 230 such that rotation of the fluid dispensing apparatus 210 is not required. The
actuator assembly 250 may be any activation device that triggers the cartridge 230 to emita
controlled amount of fluid: Preferably, the fluid dispensing apparatus may be both translated

and rotated with respect to the slide retaining trays 10 so that an individual cartridge 230 canbe

selectively positioned above any tray 10. Once the cartridge 230 is positioned above a slide
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retaining tray 10, actuator assembly 250 triggers the cartridge 230 to emit a controlled amount
of fluid onto the tray 10.

Actuator assembly 250 optionally includes three actuators 270,280,290 which may be
used to dispense fluid onto three rows 300,310,320 of receiving members, respectively. In
operation, actuator 270 is adapted to dispense fluids onto slide retaining trays 10 disposed in
row 300, actuator 280 is adapted to dispense fluids onto slide retaining trays 10 disposed in row
310 and actuator 290 is adapted to dispense fluids onto slide retaining trays 10 disposed in row
320. Of course, as will be understood by those of skill in the art, any number of actuators
and/or slide retaining trays can be employed without departing from the scope of the present
invention.

Referring to FIG. 19, in a preferred embodiment the fluid dispensing apparatus 2101s
rotatably attached to a support member 330 such that the cartridges 230 can be rotated with
respect to the actuator asselmbly 250. Actuator assembly 250 is fixedly attached to the support
member 330, optionally beneath fluid dispensing apparatus 210. Preferably, support member
330 is configured such that the cartridges 230 can be both rotated and translated with respect to
the trays 10. In this manner, any cartridge 230 can be selectively positioned above any shde
retaining tray 10.

Slide retaining trays 10 preferably are mounted on spring loaded heating/cooling pads
340, thereby providing selective and/or independent heating and/or cooling of the slides.
Additionally, heating/cooling pads 340, 342, 344 are capable of independently heating the
plateau or platen region and the recess region. In an embodiment, each tray has a
corresponding heating and/or cooling element 340, maintaining the tray at a particular desired

temperature. In an alternative embodiment, there are two or more heating and/or cooling
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elements for each tray. In one embodiment, a heating and/or cooling element 342 is provided
adjacent the outside bottom surface 630 of the reagent recess 30 and another heating and/or
cooling element 344 is provided adjacent the outside bottom surface of the platen 50. In such
an embodiment, the recess and the platen can be maintained at different temperatures. In
operation, the recess element 342 can elevate the recess 30 to a particular desired temperature at
which a reagent containing matrix 680 within the recess 30 is elevated above a flow
temperature and the material begins to flow as desired toward the platen 50. Once the reagent
flows, 1f a second reagent is contained in a second matrix 680 in the recess, which has a
different (such as higher) flow temperature, or if a second reagent is contained in another recess
30, the heating element 342 can be operated to raise the temperature to the desired level to
hiquefy the second matrix. It should be appreciated that multiple heating elements 342 can be
provided to simultaneously or sequentially, or otherwise, provide different heating/cooling
properties and regulate the reaction kinetics of the reagent(s) as desired. The heating
element(s) 342 also can be operated to cool the recess 30, such as to counteract heat generated
by the instrument during operation. Inone example the instrument generates sufficient heat to
fluidize the reagent in the recess 30 in the absence of cooling via element(s) 342. Also in
operation the platen can be heated as desired, either using a single element or one or more
specialized platen heating and/or cooling element 344. In this way the temperature of the
reaction chamber 120 can be controlled as desired. For example reactions can be accelerated
or slowed depending on the temperature maintained. Generally speaking, the reaction kinetics
are regulated in this way. Other heating/cooling elements can be provided to provide localized

heating to the tray 10 as desired as well.
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Preferably a temperature controlling system is provided that controls the heating and/or
cooling elements 340, 342, 344 as desired. In one alternative, a feedback control is provided
whereby temperature sensor(s) detect the temperature at desired locations and provide feedback
information to the controller, which in turn uses that information to control the operation of the
heating and/or cooling elements. For example, the sensors can bé positioned to detect
temperatures at or near any of the platen 30, recess 50 outside bottom surfaces of the recess or
platen, the gap 640, fluid flow ramp 650 etc. According to some embodiments, the reagent
containing matrix 680 is initially cooled within recess 30, then heated to liquefy the matrix 680
and form a flow.

Tissue processing system 200 optionally includes supply containers 350, drain
containers 360 and a fluid delivery manifold 370. Supply containers 350 can be used to hold
liquids such as water for rinsing or flushing the gap between the slides and the plateau. Flud
delivery manifold 370 preferably includes valves and switches for directing the flow of fluids
supplied through fluid inlet port 60 and conduit 65. In addition, the fluid delivery manifold
includes valves and switches for directing the flow of excess fluids and waste material from
fluid evacuation ports 70 and conduits 75 into drain containers 360.

A method of manufacturing a slide retaining tray 10 according to the principles of the
present invention will now be described with respect to FIG. 20. As 1llustrated
diagrammatically as box 380, the imitial step involves fabricating the slide retaining tray 10.
According to a preferred embodiment, slide tray 10 is fabricated from a polymeric matenal that
1s injection molded to form the desired structural shape. However, as would be understood to

those of ordinary skill in the art, any fabrication process can be used or matenal selected that
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can provide the desired structural features, without departing from the scope of the present
Invention.

Referring to box 390, the next step involves dispensing a desired quantity of gel into the
gel retaining areas, such as recess 30. For example, a predetermined amount of gel 680 may
mserted through apertures 670 in the bottom surface 620 of recess 30, or alternatively gel 680
can be mserted from above. After filling the recess 30, optional apertures 670 may be sealed by
applying a tape or other covering. As illustrated diagrammatically as box 400, the next step
Involves sealing the recess 30. Any form of seal can be selected that can retain the gel in place
and reduce vaporization and/or fluidic flow loss. For example, a mechanical seal (such as seal
660) can be applied as discussed above. Referring to box 410, the next step involves optionally
applying 1dentifiers 175 to the shide retaining tray 10.

An example of a method of using a slide retaining tray 10 in accordance with the
principles of the present invention will now be described with respect to FIG. 21. Asillustrated
diagrammatically as box 420, the initial step involves selecting a slide retaining tray 10 based
upon the type of gel or reagent(s) contained therein. Of course, the type of gel (i.e. reagent)
contained within an individual tray 10 is dependent upon the type of test to be performed on the
tissue sample 116. In other words, the initial step of selecting a shde retaining tray 10 may
include the step of determining the type of test to be performed on the tissue sample 116.

As illustrated diagrammatically as box 430, the next step involves optionally entering
data concerning the reagent, tray etc. For example, optionally an i1dentifier on the tray is read,
such as for example swiping a bar code. Other ways of identifying the tray also might be used,
such as machine identifiable tray f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>