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(57) Abréegée/Abstract:
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en said support member Is inserted therein, one of which compartments (called
the first one) being defined by the sample bearing surface of the support member, an Innr

er surface of the cavity and spacing

guration that the dimension of said first com

partment perpendicular to the sample

bearing surface of the support member and the said Inner surface of the cavity Is of capillary dimensions, the other one
compartment (called the second compartment) being defined by opposite surface(s) to the sample bearing surface of the support
member and the remaining inner surface(s) of the said cavity, there being provided within said cavity elastically means engaging
sald support member and biasing the sample bearing surface of the support member against said spacing means In the first

compartment.
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ABSTRACT

A cartridge device for processing a sample mounted on a surface of or
entrapped within the matrix of a support member and comprising a housing
having a cavity therein and an aperture providing access for the introduction
of said support member into said cavity so as to define two compartments
when said support member is inserted therein, one of which compartments
(called the first one) being defined by the sample bearing surface of the
support member, an inner surface of the cavity and:- spacing means
therebetween of such size, form and configuration that the dimension of said
first compartment perpendicular to the sample bearing surface of the support
member and the said inner surface of the cavity is of capillary dimensions, the
other one compartment (called the second compartment) being defined by
opposite surface(s) to the sample bearing surface of the support member and
the remaining inner surface(s) of the said cavity, there being provided within
said cavity elastically means engaging said support member and biasing the
sample bearing surface of the support member against said spacing means In

the first compartment.
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Cartridge device for processing a sampie mounted on a surface of a support
member.

Field of the invention

The present invention relates to a cartridge device for processing samples mounted on a
surface of a support member. In particular, such samples will be, but are not restricted to
being, biological in nature like variously prepared tissue sections, cell smears, cytospins,
sections of cell blocks, molds, fungi, bacilli, fine needle aspirates and solutions containing
macromolecules such as proteins, deoxyribonucleic acids and ribonudieic acids. Support
members may be giass or other microscope slides, microporous or other filtration
membranes. The samples of interest may be deposited on or entrapped within such
support means. The sampies are processed under readily controlled conditions in the
cartridge device in preparation for further examination, e.g. with a microscope or other
analytical apparatus to quantify the results of the sample processing. The cartridge device
of the invention is mainly intended for use in an automated sample processing apparatus

or system, but can also be used singly orin groups in @8 manual processing procedure.

Background of the invention

Throughout the world there is an increasing demand for examining or studying samples of
different types, in particular biological samples such as tissue sections, cell smears,
cytospins, sections of cell blocks, molds, fungi, bacilli, fine needle aspirates and solutions
containing macromolecules such as proteins, deoxyribonucieic acids and ribonucleic
acids. Such samples are usually examined with a microscope or other analytical
instruments or apparatus able to detect and/or quantify the presence of particular

components, e.g. specific cells, cell types, or cell components, and/or particular
compounds, €.g. specific macromolecules like proteins, deoxyribonucleic acid and

rbonucleic acid sequences, polysaccharides, etc., in the samples. However, in order to be
able to do so with such instruments or apparatus it will usually be necessary to subject the
samples to some kind of pretreatment or prepracessing. Thus, if the samples are to be
examined with a micrascope the sampies will have to be placed on a support ( e.g. a
microscope slide) and stained with one or more reagents so as to allow visualization of

particular components or compounds in the samples. The samples may also be processed
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with one or more reagents which result in the attachment of a chromogenic, luminescent,
fluorescent or radioactive probe to a particular component or compound in the samples
and the processed samples may then be placed in an apparatus that detects and/or
quantifies the amount of attached probe.

However, the work involved in preparing the samples for further examination is in
many instances cumbersome, tedious and time consuming, in particular in those cases in
which the sample has to be processed consecutively with a plurality of reagents and
rinsing fluids in order to obtain the finished specimen ready for the appropriate
examination, detection and/or quantification procedure. Therefore, and because the
results of the detection and/or quantification procedures become more and more important
in the diagnoses of diseases, infections and contaminations all over the world there is also
an increasing demand for having the work involved in pretreating the sampies before the
final examination procedure, rationalized, facilitated, and automated to the largest possible
degree, parlly in order to make the pretreatments of the samples prior to examination
economically feasible and partly in order to be able to perform the necessary large number
of pretreatment procedures in a uniform and reproducible form.

Therefore, the prior art already comprises a great number of attempts to
construct apparatus and cartridge devices which aim to facilitate and/or automate the
pretreating processes of samples of the above type.

Thus, one type of cartridge device which has been commonly used to pretreat
samples deposited on microscope slides with a pretreating liquid is an automated
apparatus in which microscope slides bearing a sample on one of their sides are
successively immersed in a series of pretreating or processing liquids. However, this
apparatus requires large amounts of processing liquids and much of these liquids is
wasted without being effectively used, which is a serious drawback because many
processing liquids are expensive to purchase and to dispose of. Besides, much

processing liquid may also be spoiled because it has to be at an elevated temperature for
extended periods of time or because it is contaminated with microorganisms introduced

from the air or by contact with the microscope slides immersed in the liquids.

In another type of cartridge device for pretreatment of samples deposited on
microscope slides processing liquid is brought into contact with the samples by utilizing the
wicking effect obtained by enclosing the samples between the sample bearing surfaces of
the microscope slides and a plane surface of another object so as to create a processing
chamber of capillary dimension perpendicular to the sample bearing surface of the
microscope slide, into which the processing liquid will be sucked when the processing
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liquid is brought into contact with the processing chamber at an edge of the covered
microscope slides. The capillary flow may be in either the honizontal or vertical direction.
Thus, sample staining systems based on capillary flow in the vertical direction are
disclosed in US patents Nos. 4,731,335 and 5,023,187. A sample to be treated with a
treating liquid is placed on one surface of a microscope slide near its one end and a shim
such as a double-faced adhesive tape or controlled-thickness paint is placed on the same
surface between the sample and the other end of the slide. Then another microscope slide
is placed on top of the sample bearing surface and adhered thereto. The shim
sandwiched between the surfaces of the two microscope slides defines a space of

capiliary dimension (e.g. 200 um). The pair of microscope slide is then inserted into a slot
in @ holding block in which other similar pairs of microscope slides can be inserted in
similar manner. With the free end of the microscope slide pairs facing downwards the
holding block is then lowered until the lower free edge of the slide pairs contact a treating
liquid, either contained in a vessel or placed as droplets on a plane surface from which the
liquid will be wicked into the capillary gap between each pair of slides. When the liquid is to
be removed from the space between each slide pair the free edge of each slide pairis
brought into contact with an absorbent material which will drain off and absorb the liquid
contained in the sample space in each pair of slides. Between the introduction into and
removal of the liquid from the sample space in each pair of slides the slide pair holder can
be placed in a treating chamber provided with infrared heating means in order to raise the
temperature of the treating liquids and accelerate the treatment of the samples. However,
the approach disclosed in these US patents for pretreating samples is cumbersome to
parform and time consuming to set up for automated processing of large numbers of
samples. Besides, it is difficuit to obtain well controlled processing conditions like uniform
processing temperatures, and to avoid loss of treating liquid (partly due to evaporation)

dunng processing at elevated temperature with this type of cartridge device and methods
for pretreating samples.

US patents Nos. 5,068,091 and 5,338,358 disclose a device/apparatus for
dyeing tissue samples from living bodies. The device/apparatus comprises a piurality of
plateaus or base portions having a flat upper surface and arranged in a parallel
disposition. At one end of each plateau or base portion there is a ridge and at the other
end of the plateau there is a supporting surface which is slightly higher than the ridge. A
glass microscope slide having a tissue specimen attached to one surface is placed on top
on each pilateau with the tissue specimen facing downwards against the upper surface of
the plateau so as to bridge the ridge and the supporting surface such that a thin wedge-
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shaped capillary gap is defined between the upper surface of the plateau and the lower
surface of the microscope slide. Dyeing liquid is dripped from above onto a part of the
upper surface of the plateau which is not covered by the slide. The dripped dyeing liquid
spreads into the wedge-shaped gap by capillary action, whereby the tissue on the lower
surface of the slide is bathed with the liquid and dyed. For cleaning the plateau and the
slide after the dyeing operation, cleaning liquid is supplied onto the plateau through a port
formed therein. Waste liquid is exhausted through an exhaust port formed in the upper
surface of the plateau and exhausted via a pipe connected to the exhaust port. Waste
liquid channels are provided around each plateau for draining off waste liquids. - This
device/apparatus is intented for use in an automated or manual processing method, but
the slide remains stationary and there is no means for removing bubbles, should they
form, which yield poor staining results. The method relies on the capillary gap to convey
processing fluid to the sample and does not allow for depositing processing fluid directly
onto the sample. Further, since the slide is placed upside down In the device, it is difficult
to read the slide label and identify the slide once it is inserted into the device.

WO 96/21142 discloses an apparatus for spreading a treating liquid onto a flat
surface supporting a cell sampie on a part of that surface. This apparatus comprises an
element having a flat surface provided with a recessed indentation leaving two parallel
rails on each side thereof so that when this element is slid onto a microscope slide a thin
cavity is defined between the recessed surface of the element and the surface of the
microscope slide leaving an open slot at the front end of the element when the element is
slid onto the microscope slide. The front end of the element is bevelled such that in use,
when a treating liquid is dispensed onto a sample bearing surface, this liquid wilt be spread
over the sample bearing surface of the microscope slide when the element is slid onto the
slide from its one end to the other. The microscope siide may at the one end be provided
with a stop member such that a closed cavity is formed when the element is placed fully
over the microscope slide. The treating liquid is removed from the microscope slide by
retracting the element a distance and applying suction to the cavity at the other transvers
short edge of the sample carrying surface of the microscope slide. Thus, when a first
treating liquid has been removed a second treating liquid can be dispensed and spread
onto the sample carrying surface of the microscope slide in the same manner as the first
treating liquid. it may however ailso be sucked into the cavity with the element only
retracted a short distance from the stop member at the one end of the microscope slide.
The abject of this apparatus is to spread a small volume of liquid on a sample carrying

surface of a microscope slide in a controlied manner whilst avoiding or at least reducing
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the risk of forming any air gaps in the liquid spread. It is said, however, that it may be
desirable to move the element back and forth on the microscope slide to provide agitation
to the liquid before and/or during the incubation process, which can result in a better
penetration of the treatment liquid into the sample and thus provide an improved result. it
is also said, that the relative movement of the element and the microscope slide can be
automated and controlied by a computer. - However, the cartndge device of this prior art
holds the support member, i.e. the microscope slide, in a fixed pasition whilst moving the
element relative to the slide. The element is independent of any other support means
supporting the slide in place for the element to move relatively thereto. Thus, the features
supporting the slide from its bottom surface, and the element that spreads the treating
liquid on and covers the top surface of the slide are two separate parts with separate and
independent functions. Hence, the slide cannot be transported whilst enclosed within and
protected by the processing chamber formed when the slide support means and the
moving element are brought together. Further, when the moving element is fully engaged
over the slide, the iongitudinal edges of the slide are exposed directly to the ambient air,
thus exposing the processing fluid therein to evaporation, particularly at elevated
incubation temperatures. Further, it would be a difficult and complex task to control this
cartridge device automatically with a robotic mechanism and a computer unless the
moving element were fixed to a mechanism which is fixed in the chassis of such a
processing apparatus.

WO 96/30124 discloses a support retaining member for use in processing a
sample supported on a support member (8.g. a microscope slide) which when assembled
together with the support retaining member forms a support cell comprising a substantially
sealed chamber, in which the sample on the support member is enclosed, said chamber
being provided with a fluid inlet and a fluid outlet for the introduction and removal,
respectively, of fluids used in processing the sample. The support retaining member is
constructed of two opposed parts, each having a plane surface facing against the
opposed part, one of said surfaces being provided with a frame-like surrounding gasket
which protrudes above the surface to which it is attached. In operation the sample carrying
support member is placed between the fwo opposed parts of the support retaining
member with the sample cairying surface of the support member facing towards that part
of the support retaining member carrying the gasket and the two parts of the support
retaining member are then clamped together so as to form the substantially sealed
chamber in which the sample is enclosed, A processing fiuid is then pumped from a
reservoir via condulits, valves and the inlet duct to the processing chamber. After
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processing the sample the procassing liquid is pumped out of the processing chamber via
the outlet duct to a container for used liquids by the injection of another liquid. A plurality of
support retaining members may be combined to an array clamped together by a common
clamping means. Such array of support retaining member cells may then be processed in
an automated apparatus for processing the samples contained in the cell chambers. - This
support retaining member suffers, however, from the drawback that it is a cumbersome
task to prepare and assemble each support retaining cell into which the sample carrying
support member cannot be inserted or removed in a simple manner and not during the
automated processing of the samples. Besides, there may be a considerable waste of

reagents due to the fact that all reagents have be to pumped into the sample chamber via
possibly long inlet conduits which have to be emptied, rinsed and flushed before a new
reagent is introduced into the sample processing chamber. Furthermore, it may also be
difficult to control processing conditions such as e.g. the temperature in an array
comprising a plurality of such support cells. The design of this cartridge device would be
complex, expensive and hence not a candidate to be a single-use disposable item.

WO 94/18539 discloses an apparatus for processing biological matenals using
ligand pairing, the biological material being mounted on a surface of a substrate (e.g. a
microscope slide), said apparatus comprises a housing consisting of two parts having
opposed plane surfaces into each of which a recess is provided so that when said parts
are assembled and clamped together a cavity is formed in said housing, which cavity has
an opening to the surroundings and at least two opposed substantially parallel walls on
one of which a spring is attached such that when a substrate is inserted into the cavity
through the opening said spring will engage the back surface of the substrate, i.e. that
opposed to the surface carrying the biological matenal, and bias the peripheral borders of
the substrate against side and bottom edges surrounding the recess in the opposite wall
such as to form a seal between the peripheral borders of the substrate and the edges on
the opposite recess thereby forming a first chamber containing the biological matetial
mounted on the substrate surface. - The substrate surface carrying the biological material
(s spaced from the opposed surface in the recess of the chamber wall a sufficient distance
to prevent capillary action from retaining a liquid therebetween. The sample containing
chamber is at the opening to the surroundings widened by bevelling the bottom surface of

the recess about 45° from the plane of the bottom surface thus creating a second
chamber adapted to receive and contain a ligand preparation in the form of a pill or

capsule. - Mareover, the housing is provided with ducts or channels for supplying reagent
solutions to the first chamber and for draining said reagent solutions off from said first
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chamber. In use a substrate provided with biological material mounted on one of the
substrate surfaces is inserted into the cavity in the housing and a igand pill or capsule is
filled into the second chamber in which it is maintained until it is released by heating the
walls of the housing in the second chamber (in case the matnx of the pill or capsule is
S made of wax or gelatine) or by the introduction of a liquid into the second chamber through
the first chamber from a reservoir (in case the matrix of the pill or capsule is made of
dissolvable materials like saccharose or starch). Because the housing and thus the
substrate is always placed in a vertical position the matrix material or the dissolving liquid,
respectively, will flow down into the first chamber and thus contacting the biological
10  matenal on the substrate. After a selected process time the processing liquid is exhausted
through the drainage channels or ducts in the first chamber and the biclogical material
may be rinsed and further treated with other reagent solutions introduced into the first
thamber via the supply ducts or channels from particulé} reservoirs. - The cartridge device
of this prior art retains the slide stationary and in vertical orientation, and requires the
15  space above the sample to be larger than capillary dimensions because of the manner in
which fluids are introduced and evacuated from the cartridge device. There is no means
for eliminating the formation of bubbles, should they form. Ligands and other processing
reagents are supplied in an encapsulated form that is ruptured or melted in order to
release the fluid and fill the processing chamber. The design of these chambers is
20 complex. The process also requires some associated means, such as heat, to release
reagent from its encapsulation into the sample processing space.
Hence, a strong need still remains for a cartndge device or apparatus for
processing samples of biclogical and other materials, which device or apparatus is simple

in construction, easy to use and does only require minimum amounts of reagent fluids that
25  may be hazardous ta the environment and costly to dispose of, which device or apparatus

can be used both in an automated sample processing apparatus or system and in a

manual processing procedure, singly as well as in groups, and which overcomes all the
drawbacks described above and related to the prior art sample processing devices.

30

Disclosure of the invention

The present invention meets the above need in all respects by providing a new cartridge
35 - device a5 defiriéd in the clainisl A cartrid%;’e.dé’\‘n;ééfccérdind to the invention for
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Yy
processing a sample mounted on a surface of or entrapped within the matrix of § support

member, comprise a housing having a cavity therein and an aperture providing access for
the introduction of said suppert member into said cavity so as to divide it in two

compartments when said support member is inserted therein, one of which compartments
(called the first one) being defined by the sample bearing surface of the support member,
an inner surface of the cavity and spacing means therebetween of such size, form and
configuration that the dimension cf said first compantment perpendicuiar to the sample
bearing surface of the support member and the said inner surface of the cavity is of
capitlary dimensions, the other one compartment (called the second compartment) being
defined by opposite surface(s) to the sampie beanng surface of the support member and
the remaining inner surface(s) of the said cavity, there being provided within said cavity
elastical means engaging said support member and biasing the sample bearing surface of

the support member against said spacing means in the first compartment.

When the cariridge device according to the invenﬁoa/is free of a support member, the
device may préferabiy comprisise a housing having a cavity therein defined by a first inner
surface being substantially plane at least on a central portion, a second inner surface
being substantially plane at least on a central portion, and the inner surface of a border
wall, said first and said second inner surfaces are placed faced towards each other and
connected to each other by a inner surface of ét-norder wall along at least 75 % of the
pherifeﬁo of the cavity and thereby providing an aperture into said cavity, said first inner
surfaces bé%ng spacing means with a top surface tuming away from the first inner
surface, the pemendicular distance between the central plan surface of the first inner
suface of the support member and a plane defined by the tops of the spacing means
being of capillary dimensions, there being provided within said cavity elastical means
provided for engéging a plane support member against said spacing means.

When the support member is inserted into the cartridge device the cavity therein
is devided into two compartements, wherein the first compartement is defined by the

sample bearing surface of the support member an inner surface of the cavity including the
first inner surface and the spacing means. the distance between the central portion of the
first inner surface and the sample bearing surface of the support member is of capillary
dimensions. The second compartement is defined by opposite surface(s) to the sample
bearing surface of the support member and the remaining inner surface(s) of the cavity
including the second inner surface, The elastical means engage the support member and

\‘ Ao A N AR\
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biasing the sample bearing surface of the support member against the spacing means in
the first compartment.

The first and the second inner surfaces of the cavity in the cartridge device are
preferaily substantially square formed. The penteryof the surfaces may however have one
or more protruding parts ada%ted for supporting and/or guiding a support member. Each of
the inner surfaces has a width defining the with of the cavity. The cavity has a degth
pempendicular to the aparture and defined as the distance from the aparture to the 533235
olf the first inner surfacelpaving a width being af ieast as with as the aparture. The withk-of
the aparture measured as the distance between inner sides of borderwalls at the perife?'
82 the aperture may be e.g 1-4 cm. The m{ﬂ'\%me aparture should comrespond to the
width of the support member that is to be used together with the cartndge: The support
member has two surfaces a samplebr%?{l;&&surface and an opposite surface, and is
preferably square formed and have awith , a height and a thickness. The height is defined
a the longest distance of a line drawn in plane with the sample beanng surface
perpendicular to its width from the edge to edge of the support member.

In a preferred operation a support member, e.g. 2 microscope slide, is provided
with a sample attached to one of its surfaces, e.g. near its center, and inserted a short

distance into the cavity in the housing which, preferably, is oriented such that the sample
bearing surface of the support member is situated horizontally. The elastical means in the
cavity of the housing will engage the support member and bias the sample bearing

surface of the support member against the spacing means in the first compartment formed
in the cavity by the introduction of the support member. A reagent, buffer or nnsing fluid,
preferably a liquid, is dispensed onto the sample in a preseiected amount and the free end

of the support member protruding from the cavity of the house, Is pushed a short distance

downwards such that a small angle is foomed between the inner surface of the first
compartment in the cavity and the sample bearing surface of the support member. Then
the support member is pushed all the way into the cavity, where the downward directed
push on the outer free end of the support member is released, the spnng will bias the
support member in its full length against the spacing means in the first compartment
whereby the liquid dispensed on the sample bearnng surface of the support member will be
squeezed between the inner surface of the cavity in thefirst compartment and the sampie
bearing surface of the support member and spread over the full area of the sample
bearing surface of the support member filling up the total volume of the first compartment

and immersing the sample completely in the liquid. In preferred embodiments of the

- cartridge device of the invention there will be fluidical communication between the first and

AMENDED SHEET
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second compartments when a support member is inserted into the device, so that possibly
excessive fiuid will overflow from the first compartment via fiuid connection passage(s) to
the second compartment where it will be collected. However, only excessive fluid will
overflow from the first compartment because the capillary dimension between the first
inner surface of the cavity in the first compartment and the sample bearing surface of the
support member and the capillary spaces formed between the edges of the support
member perpendicular to the sample bearing surface and the first inner surface of the first
compartment will retain all the liguid necessary for filling up the first compartment. In order
to expel possible air bubbles on or at the edge of the sample, to get the liquid better
penetrating into the sample, and to mix the fiuid around the sample, the support member
may preferably have a length which is longer than the depth of the cavity of the houselthat
the support member protrudes a distance from the outside of the housing when said

support member is fully inserted into the cawty free end of the support member-
protruding from the housing can be rocked up and down.

Alternatively, in case the first compartment has a free passage to the outside of

the housing through the aperturejthe support member provided with a sample matenal and
inserted a short distance into the cavity in the housing can beprovided with a reagent,

buffer or rinsing fluid dispensed directly onto or around the sampl

The support member
can then be pushed parallel with the inner surface of the cavity in the first compartment all

the way into the cavity thereby spreading the fluid over the sample and all the area of the
sample bearing surface of the support member, excessive fluid may also in this case
overflowing into the second compartment when there is fluidical connection between the
first and the second compartments, while sufficient liquid will be retained in the first
compartment to fill its total volume duse to the capillary forces acting there.

Finally, the sample bearing support member can be inserted and pushed all the
way into the cavity of the housing without beforehand being provided with a processing
fluid. When the support member is fully inserted into the cavity of the housing a
preselected volume of reagent, buffer or rinsing fluid is then dispensed onto the sample
bearing surface of the support member at a slot preferably placed between the sample
bearing surface of the support member and the first inner surface of the cavity in the first
compartment at the aperture into the cavity of the housing and capillary action will then
draw the fluid into the first compartment and fill it up. Both in this third case and the former
second case a better spreading of the fiuid may be obtained by rocking a free end of the

support member at the aperture up and down a few times whereby also possibly
entrapped air bubbles will be expelled.

AMENDED SHEET
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Optionally, the support member can also be pulled out and pushed in a short
distance a few times in order to obtain better spreading of the fluid, better penetration of
fluid into the sample matenal, better mixing of reagent, and elimination of air bubbles.

Thus it is seen that the cartridge device according to the present invention will
only require a very small volume of processing fiuid in order to completely cover and
penetrate the sample material on the support member. Excessive processing fluid is
collected in the second compartment of the cavity and is contained within the device, from
which potentially hazardous material can be drained, and air bubbles occumring in the first
compartment are easily and effectively expelied. In addition, the device can be handied
and operated in a very easy and simple manner that assures uniform sample processing
whilst protecting the user from contact with the processing fluids.

That the dimension of the first compartment perpendicular to the sample bearng
surface of the support member and the inner surface of the cavity in said first
compartment is of capillary size means that a capillary effect is exerted on fluids
introduced into the compartment such as to retain them therein in addition to minimizing
processing fluld volumes. Preferably the capillary dimension is from 20 - 500 um, more
preferably 25 - 250 um, and most preferably 100 - 150 um.

Furthermore, as there is only a small slot, if any, at the aperture opening into the
first compartment the evaporation of processing liquid in the first compartment to the
surmoundings will be at a minimum.

In many cases the sample to be processed is entrapped within or deposited on a
substrate such as a microporous or aother filtration membrane or in gels (e.g. SDS-PAGE).
Specimens of such preparations can then be attached to a support member. Support
members may be glass or other microscope slides, microporous or other sufficiently stff
filtration membranes. The samples of interest are deposited on or may be entrapped
directly within such support means. In any case the samples are processed under readily
controlled conditions in the device of the present invention in preparation for further
examination, e.g. with a microscope or other analytical apparatus to detect or quantify the
results of the sample processing. For example, if the sample processing resuits in the
attachment of a fluorescent probe to a component of the sample, the processed sample,
on its support, may be placed in an apparatus that quantifies the fluorescens emitted by
said attached probe. Further, if the sample processing results in the deposition of a visible
dye to a component of the sample, then the sample, on its support, may be placed under
a microscope for visual examination.
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When excessive processing fluid overfiows into the second compartment, where
it is collected, it may serve to humidify the upper compartment and/or further minimize
evaporation of fluid from the first compartment.

In addition to removing gas bubbles from and distnbuting processing fluid within
the first compartment an oscillating movement of the suppont member in a direction
parallel to the introduction direction of the support member substantially perpendicular to
the aperture into the housing, i.e. puliing outward and pushing inward a support member in
the cavity in the housing, or an oscillating movement of the support member in a direction
perpendicular to the introduction direction of the support member, i.e. tilting the slide
downward and up against the elastical means supporting the support member, can also
be used for assisting removal of processing fiuid from the first compartment, in particular
when a vacuum is applied to the cavity in the housing via fiuid outiets.

Particularly preferred embodiments of the carntridge device according to the

%\_M invention iare defined in the attached subclaims =25, the particular advantages obtained
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therewith will shortly be explained in the followmg

The embodiment defined in clalm}’ prowdes the advantage that the volume of

 processing fluid is minimized whilst securing a particularly even distnibution of a processing

fluid throughout said first compartment. This embodiment is particularly suitag’lg for
processing samples on microscope slides. In the device according to claim g, the spacing
means are preferably designed as a border line elevation extending along substantially the
whole of the border line of the first inner surface of the cavity except the border line along
the periferi of the aparture Josad, N

‘In the embodiment defined in claim & the height of the first compartement is
defined as the distance between the inner surface of the cavity and the sample bearing
surface of the support member The embodiment defined in claim Kts advantageous in

that the free passage from the first compartment to the outside of the housing through the
aperture avoids the risk that the sample mounted on the support surface is scraped off at
the insertion of the support member into the cavity. Besides, it also allows for the
introduction of a processing fluid by dispensing the fluid onto the éample bearing surface
of the support member at the slot formed at the aperture between the sample bearing
surface of the support member and the inner surface of the cavity In the first compartment
whether the support member is partially or fully inserted into the cavity.

The embodiment defined in claim 4(?5 advantageous in that it provides fluidical

connection between the first and the second compartment, that Is uncomplicated in design
and functionally safe and allows for collection of any excess fiuld from the first

AMENQED SHEET
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t,ompartment into the second compartment while maintaining fluid uniformiy distributed
throughout the first compariment. b

The embodiment of;claim B provides means for removing used and/or excess
processing and rinsing fluids from the second compartment and the first compartment,
preferably by applying a vacuum to the fluid outlet and/or drainage passages which makes
it particularly suitable for performing a series of treatments with different processing,

\")

The embodiment of claims & constitutes the preferred manner in which the
elastical means is positioned in the cavity of the housing and exarts its biasing function on
the support member because it is constructive simple and functional sturdy.

The embodiment of claim X-Ldeﬂnes the more preferred behaviour and functional

characteristics of the elastical means,\;ieﬁnad—in-dams*

Claim \Bgdeﬁnes an embodiment in which the relative length of the support
member and the distance to which it can be inserted in a cavity of the housing is such that
a distance of the support member always protrudes from the outside of the housing which
makes it easy to manipulate and operate the suppart member, the protruding distance of
the support member being available for the application of pushing, pulling, tilting, and
rocking (oscillating) forces. Besides, the protruding distance of the support member can
also be used as a shelf onto which processing liquid is applied at the slot into the first

compartment from which it can be drawn into that compartment by the action of capiliary

forces. 14 el 20

Claims prand-4{} define very praciical and preferred embodiments of the elastical
means because they represent a constructive very simple, functionally safe and

economically inexpensive manner of how to obtain an excellent biasing functionality
forcing the sample bearing support member against the spacing means in the first

compartment such that it is easy to rock or oscillate the free end of the support member at

the aperture of the housing.

Claim v%‘eﬁnes a still simple and inexpensive manner of how to obtain the
biasing function against the support member, but because the embodiment of the elastical
means defined in this claim in some respect is more complex and sophisticated the
elastical force exerted against the support member canjbe better controlled. Besides, by
using cheab massive or foam rubber pads or pieces as the elastical means economical

advantages are obtained in the production of the cartridge device according to the
invention.

AMENDED SHEET
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k\ When providing a sheet member on top of the elastical members defined in claim
‘M as stated in claim 3 a resilient shelf member is formed in the cavity of the housing
which may function as a guiding member when inserting the support member into the
cavity and thus makes this operation of the suppor{ g\aember very éasy and safe.

The cartridge device according to.claim }&, wherein the dimension of the
aperture into the cavity of the housing perpendicular to the sample beanng surface of the
support member when inserted into said cavity is of such size that it is possible to depress
the free end of the support member so that its sample beanng surface forms an angle with
the inner surface of said cavity in the first compartment, 1.e. the said dimension is larger
than the thickness of the support member perpendicular to the sample bearnng surface
thereof, makes it easy to introduce the support member into the cavity of the housing in a
direction forming an oblique angle with the inner surface of the cavity in the first
compartment, thus avoiding the risk of mechanical damage of the sample on the support
member by possible contact with the edge of the inner surface of the cavity. This
embodiment makes it also possible to for up and down rocking or oscillating movements of
the free end of the support member perpendicular to the sample beanng surface thereof.

An embodiment of the cartridge device of the invention in which a fixed support
means for the sample bearing support member is provided at the rear end of the cawity
opposite the aperture of the ho%si'fng in the form of a ridge, crest, cam, or separate
orotrusions as stated in claim ¥¢ provides additional support for the support member and
restricts the motion of the rear end of the support member when performing a tilting or an
oscillating movement, pempendicular to the sample bearing surface of the support member,
of the free end of said support member at the aperture into the cavity in the housing when
said sample bearing support member is fully inserted into said cavity, in particular when

said support member is a microscope slide.

By providing a flexible curtain or rasilient closing member at the aperture into the

cavity of the housing so as to {gintact and bias against the “bottom” surface of the support

member as defined in claim 38 the evaporation-of liquids in the second comparntment of
the cavity of the housing will be diminished and thus also the evaporation of processing
liquid from the first compartment, when said first compartment being in fiuid
communication with the second compartment. Besides; when applying vacuum to an
outlet duct brovided in the second compartment such vacuum will exert its suction effect in
the first compartment via the fluid communication passages between the first and the

second compartment thus exhausting processing fluids present in the first compartment or
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assisting in drawing new processing flulds (e.g. rinsing fluids) dispensed on the sample
bearing surface at the aperture into the first compartment.

Means for controlling the temperature of the sgmple and proceséing fluid within

the space of capillary dimensions as defined in claim 6 makes it possible to accelerate,
decelerate or quench the reaction taking place between components in the sample and"
reagent(s).

By providing electrical or water circulating heating (or cooling) means and
temperature sensing means in the very wall of the rousing forming the one surface of the
first compartment as stated in claims %{1 wilflbge possible to control the

temperature of the processing liquid and the reaction time in a simple manner using

computer programming procedures. Such features are of particular importance when the
cartridge device of the invention is used in an automated processing apparatus or system.

Because the thermal energy, which will be supplied to the Erocessing iquid in the
first compartment, will be communicated thereto from the wall of the housing constituting
one surface of the first compartment it is very advantageous that this wall is made of a.
material having good thermal conductivity like metaliic aluminium and stainless steel as
defined in claim 39, because these features will maximize the possibility of quick and
effective changing the temperature of processing liquid and sample in the first
compartment‘, particularly because the fiuid contained within the space of capillary
dimensions is of such small volume.

By shap&wg the housing, the cavity thérein, and the aperture into the housing as
defined in claim 24 a device is obtained which will be easy to produce and weli suitable for
many practical applications, in particular those in which the support member is a
microscope slide and thase in which a plurality of devices is combined into an assembly
for use in multisample processing procedures. \

Plastic materials such as mentioned in claim 24 are prefemred for the production
of a housing because these materials are inert to most reagent fluids, easy to mould

and/or machine into the finished shape, and are available in bulk quantities at an
economical price.
Claim 22 states that a microscope siide is a preferred sample bearing support

member being applicable for many sample processing procedures in practice.
An assem_t;ly {:omprising a plurality of devices according to the invention as
2 P+~
defined in claims 23-&5?5 indeed of great importance when processing a multiplicity of

samples, it be by manual procedures or in an automated processing apparatus or system.

AMENDED SHEET



10

15

20

23

30

35

CA 02720326 2010-11-04

WO 99/34190 PCT/DXK98/00580

16

In particular the assembly embadiment defined in claim 23 is believed to be especially
applicable in practise.

Finally, it should also be mentioned that the housing of the cartridge device
according to the invention is preferably selfcontained.

Detailed description of the invention

The invention will now be further described and explained with reference to the
drawings wherein:

Fig. 11s a perspective view of a perferred rectangular box-shaped embodiment of
the carindge device of the invention,

fig. 2 is a front elevation of the embodiment of the device shown in fig. 1 as seen
from the aperture side of the housing,

fig. 3 is a front view of another embodiment of the device of the invention as seen
from the aperture side of the housing,

fig. 4 is a perspective view of an assembly of a plurality of devices according to
the invention as that illustrated in fig. 1.

In fig. 1, which represents a perspective view of a preferred embodiment of the
cartridge device of the invention, 1 denotes a rectangular box-shaped housing in which
there is a rectangular box-shaped cavity 10. The housing, which for illustration purposes is
thought to be made of a transparent material like polycarbonate or polymethyimetacrylate
so it is possible also to see the features and members within the cavity of the housing, has
a top wall 2, a bottom wali 3, side walls 4,5, a rear wall 6, and a front end wall 7. At the

front end of wall 7 of the housing there is an aperture denoted 20 providing access to the

interior of the housing, i.e. the cavity 10. In the housing there is an elastical means in the

form of a flat curved spring 30, the one end 31 of which is fixed to the inner bottom surface
of the cavity in the housing at its rear end, i.e. opposite to and remote from the aperture in
the housing, whereas the other end of the spring 32 is free and abuts against the interior
face of front end wall 7 while resting on the interior of the bottom wall 3. Between ends 31
and 32, spring 30 is bent to form a single apex 33 near the aperture 20 and the inner
surface of the top wall 2. Spacing means 40 is provided at and attached to the inner
surface of the top wall 2. A flat, plane, sample bearing support member 50 (e.g. a
microscope slide) is inserted all the way into the cavity thus dividing the cavity in a first
compartment 11 containing the sample to be processed on the upper surface of the
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support member 50 and a second compartment 12 containing the fiat, curved spring 30.
The apex 33 engages with and biases against the lower surface of the sample bearing
support member so as to bias the upper surface of the support member against the
spacing means 40 in the first compartment, the spacing means being of such size, form
and configuration that the dimension of the first compartment perpendicular to the upper
surface of the support member and the inner surface of the top wall 2, i.e. the upper inner
surface of the cavity, is of capillary dimensions. Because the spacing means do not extend
transversally across the upper inner surface of the cavity at the aperture there is free
passage from the intenor of the first compartment 11 to the outside of the housing via a
slot also denoted 11. Because the height of the aperture 20 is substantially greater than
the thickness of the support member, and the flat curved spring is only attached to the
bottom surface of the cavity at the rear end in said cavity, whereas the apex of the spring
near the aperture is freely movabile it is easy to push down the free end of the support
member, either when inserting the support member 50 into the cavity or withdrawing it
therefrom. Besides, it is also easy to camry out a rocking up and down movement of the
free end of the support member, it being partly or fully inserted into the cavity. At the rear
end of the housing outlet duct(s) 80 is (are) provided for applying a vacuum to the second
compartment in the cavity of the housing. However, outlet duct(s) being direct connected
to the first compartment could also be provided.

In fig. 2, which is a front view of the embodiment of the cartndge device according
to the invention shown in fig. 1, the same reference numbers as those indicated in fig. 1
have the same meanings as explained above. Besides, because the spacing means do
not extend integrally along the inner top surface of the cavity but is interrupted by free
passages to the side walls of the cavity and because there is a free gap 13 along the side
adges of the support member and the inner surfaces of the side walls 4, 5 of the housing
there is free fiuid communication between the first compartment and the second

compartment, so that fluid introduced into the first compartment is only retained therein by
the action of capillary forces.

In fig. 3, which is a front view of another embodiment of the cartridge device
according to the invention, the same reference numbers as those indicated in figs. 1 and 2
have the same meanings as explained above. Further, in this embodiment the flexible
means is provided in the form of a plurality of elastical members, e.g. helical or flat springs,
or massive or foam rubber pads or pieces, which are supported on two, in cross-section
rectangular crests or support shelves 35 extending along and attached to the inner side
surfaces of the walls 4,5, and optionally 3 of the housing 1. Only the two elastical
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members nearest the aperture in the housing are shown, but at least two more, one at
each side of the cavity, are located more remotely in the cavity behind the two members
shown. Altematively or additionally fixed support means could be provided on the inner
surface of the rear end wall 6 of the housing for supporting the rear end of the support
member 50 when said support member is fully inserted into the cavity of the housing.

In fig. 4, which is a perspective view of an assembly comptising a plurality of the
cartridge devices shown in fig. 1, the devices are arranged vertically, i.e. in a one above
the other relationship. The reference numbers indicated have the same meaning as
explained above.

In use the embodiments of the cartridge device of the present invention illustrated
above will be operated as describad previously in the introductory part of this specification.
A more detailed example of such operation is descnbed below.

Initial setup

1. A glass microscope slide having a frosted end and provided with a sample on
one of its surfaces is removed from buffer and inserted about 2 cm into the cavity of the
housing in order for the apex of the spring to engage the slide surface opposite to the
sample bearnng surface.

2. The housing is oriented such that the sample bearng surface of the support
member is horizontal. If vertical, liquid applied on the protruding outer sample beanng
surface of the support member could run off and dnip down.

3. Buffer liquid is dispensed onto the sample at the entrance to the aperture into
the housing. Liquid will spread to the end of the slide within the cavity of the housing (due
to capillary action) with the remainder accumulating at the junction between the exposed
slide surface and the entrance into the cavity.

4. The slide is inserted into the cavity of the housing, distributing the liquid over
the sample specimen in the space of capillary dimension above the upper surface of the
stide. Liquid will flow around the sides of the slide, but because of the very small space
between the slide surfaces and the inner walls of the cavity, fiquid held in the first

compartment by capillary action will act as a bamer to flow into the lower compartment of
the cavity.

Add reagent
1. Apply vacuum to drainage ports in the cavity.
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2. Depress/release frosted end of the slide a few, e.g. three times to assist in
draining off above buffer on top of and around the sides of the slide.

3. Discontinue vacuum.

4. Remove slide to expose all but about 2 cm of its surface which remains
engaged in the cavity of the housing.

5. Dispense reagent (100-150 wl) onto tissue, starting at the entrance to the

cavity of the housing and moving towards the frosted end of the slide.
8. Insert slide all the way into the cavity of the housing and incubate.

Rinse
1. Repeat steps 1-4 above.
2. Dispense rinse fluid as in #5 above.
3. Insert slide all the way into the cavity of the housing.
4. Repeat steps 1-3 two more times.
Add reagent etc.

Rather than remove the slide and add reagent or rinse scolution directly onto the
sample, the invention allows for elimination of step 4 and step 6 in the add reagent
procedure above, and dispensing reagent directly to the slide at the entrance to the cavity
of the housing thereby allowing capillary action to suck fluid over the sample on the slide.

Each incubation procedure will usually take about 5-30 minutes, whereas each
rinsing procedure will take about 3 x 20 seconds. Typically about 4-5 processing
procedures will be involved in the preparation of a sample for further examination, but the

device will be quite as suitable for only one processing procedure or a multiplicity of
processing procedures.

Thus, having described the invention in both general and detailed terms the
scope of the invention for which protection is applied, is defined in the attached claims.
However, it should be understood that other features and modifications than those
described in this specification and claims, which are evident for the person skilled in the
art, in particular those described in connection with the summary of the prior art mentioned
in the introductory part of this specification, and which will be advantageous in connection

with the present invention, are also considered to be within the scope of the present
invention.
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CLAIMS

1. A cartridge device for processing a sample mounted on a surface
of or entrapped within a matrix of a support member, said device comprising a
housing having a cavity therein defined by a first inner surface being
substantially plane at least on a central portion, a second inner surface being
substantially plane at least on a central portion, and the inner surface of a
border wall, said first and said second inner surfaces are placed faced
towards each other and connected to each other by the inner surface of the
border wall along at least 75% of the periphery of the cavity and thereby
providing an aperture into said cavity, said first inner surface bearing spacing
means with a top surface turning away from the first inner surface, the
perpendicular distance between the central plan surface of the first inner
surface and a plane defined by respective tops of the spacing means being of
capillary dimensions, there being provided within said cavity elastical means

provided for engaging the support member against said spacing means.

2. A cartridge device according to claim 1, wherein said elastical
means is of such nature and so located in the device that the support member
bearing a sample can be easily inserted, removed, or partially removed from
the cavity.

3. A cartridge device according to claim 1 or 2, wherein the elastical
means provided for engaging a plane support member against said spacing

means is a flat curved spring.

4. A cartridge device according to claim 3, wherein the one end of
the flat curved spring is fixed to the second inner surface remote to an
aperture in the housing, whereas the other end of the flat curved spring may

be fixed or free and is configured so that a part of the flat curved spring
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engages with and biases a plane support member against said spacing
means.

S. A cartridge device according to claim 4, wherein the free part of

the elastical member is covered by a sheet member.

6. A cartridge device according to any one of claims 1 to 5, wherein
means for controlling the temperature of fluid and a sample introduced into

the cavity is provided.

/. A cartridge device according to claim 6, wherein electrical heating
means and temperature sensing means are provided in one of a wall of the
housing forming the first inner surface or in the border wall extending from the

first surface to the distance defined by the tops of the spacing means.

8. A cartridge device according to any one of claims 1 to 6, wherein
means for circulating water are provided in one of a wall of the housing
forming the first inner surface or in the border wall extending from the first

surface to the distance defined by the tops of the spacing means.

9. A cartridge device according to any one of claims 1 to 7, wherein
said border wall and said wall of the housing forming the first inner surface
and the border extending from the first surface to the distance defined by the
tops of the spacing means are made of a material having good thermal

conductivity.

10. A cartridge device according to any one of claims 1 to 9, wherein
the housing and the cavity therein is rectangular box-shaped and the aperture

in the housing Is rectangular.
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11. A cartridge device according to any one of claims 1 to 10, wherein
the housing is made of a plastic material and one or more parts thereof are
made of a metal having good thermal conductivity, said plastic material being
selected from the group consisting of polystyrene, polymethylmethacrylates,

polycarbonates, and polyethersulfones.

12. A cartridge device in combination with a support member provided
for processing a sample mounted on a surface of or entrapped within a matrix
of said support member, said device comprising a housing having a cavity
therein and an aperture providing access for the introduction of said support
member into said cavity so as to define two compartments when said support
member is inserted therein, a first of said compartments being defined by a
sample bearing surface of the support member, an inner surface of the cavity
and spacing means there between of such size, form and configuration that
the dimension of said first compartment perpendicular to the sample bearing
surface of the support member and the said inner surface of the cavity is of
capillary dimensions, and a second of said compartment being defined by
opposite surface(s) to the sample bearing surface of the support member and
remaining inner surface(s) of the said cavity, there being provided within said
cavity elastical means engaging said support member and biasing the sample
bearing surface of the support member against said spacing means in the first

compartment.

13. A cartridge device according to claim 12, wherein the said sample
bearing surface of the support member and the said inner surface of the
cavity in the first compartment both are substantially plane and the spacing
means is of such form and configuration that the capillary dimension of the
first compartment perpendicular to the sample bearing surface of the support

member is substantially the same throughout the said first compartment.
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14. A cartridge device according to claim 12 or 13, wherein the first

compartment in substantially its full width and height has a free passage to

the outside of the housing through the aperture.

15. A cartridge device according to any one of claims 12 to 14,
wherein the first and the second compartments are fluidically connected via
spaces defined by side surfaces of the support member perpendicular to the
sample bearing surface of said support member and opposing surfaces of the
cavity and via a space defined by a rear end surface of the support member

perpendicular to the sample bearing surface of said support member and the

inner surface of the cavity opposite the aperture.

16. A cartridge device according to any one of clams 12 to 195,
wherein one of said second compartment or said first compartment in the
cavity of the housing is provided with one of a fluid outlet or a drainage
passage for removing one of used or excess processing and rinsing fluid(s)

therefrom.

17. A cartridge device according to any one of claims 12-16, wherein
the elastical means is located in said second compartment and engages and
biases against the opposite surface(s) to the sample-bearing surface of the

support member.

18. A cartridge device according to any one of claims 12-17, wherein
the sample bearing support member protrudes a distance from the outside of
the housing when said support member is fully inserted into the cavity in the

housing, said distance being defined as a free end of the support member.

19. A cartridge device according to claim 18, wherein the dimension
of the aperture into the cavity of the housing perpendicular to the sample

bearing surface of the support member when inserted into said cavity is of
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such size that it Is possible to depress the free end of the support member so
that its sample bearing surface forms an angle of at least one degree with the

Inner surface of said cavity in the first compartment.

20. A cartridge device according to any one of claims 12-19, wherein
the elastical means in the second compartment is a flat curved spring, the one
end of the flat curved spring is fixed to an inner surface of the second
compartment remote to the aperture in the housing, whereas the other end of
the flat curved spring may be fixed or free and is configured so that a part of
the flat spring engages with and biases against the sample bearing support

member.

21. A cartridge device according to any one of claims 12-19 wherein
the elastical means in the second compartment is an arrangement of elastical
members selected from the group comprising helical and flat springs, massive
and foam rubber pads or pieces, of which at least a part of each is attached to
an inner surface of the second compartment opposite the sample bearing
support member, whereas another part of each elastical member protrudes
towards and engages with and biases against the sample bearing support
member, the elastic force of the spring(s), pads or pieces located proximate
the aperture in the housing being substantially lower than that of the spring(s),

pads or pieces more remote to the aperture in the compartment.

22. A cartridge device according to any one of claims 12-21, wherein
a fixed support means for the sample bearing support member is provided at
a rear end of the cavity opposite the aperture of the housing in the form of a
ridge, crest, cam, or separate protrusions, which support a rear end of the

support member when it is fully inserted into the cavity in the housing.

23. A cartridge device according to any one of claims 12-22, wherein

a flexible curtain or resilient closing member is provided at the aperture so as
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to contact and bias against a surface of the support member, when said
support member being inserted into the cavity, such that the second

compartment is substantially sealed at the aperture from the outside

surroundings.

24 A cartridge device according to any one of claims 12-23, wherein
means for sensing and means for controlling the temperature of fluid and a
sample in the first compartment is provided, said controlling means including

electrical heating means.

25. A cartridge device according to any one of claims 12-24, wherein
means for circulating water are provided in one or more of the walls of the

housing forming the surface(s) of the first compartment.

26. A cartridge device according to any one of claims 12-25, wherein

the sample bearing surface of the support member is a microscope slide.

27. A cartridge as claimed in claim 18, wherein said sample bearing
surface forms an angle with the inner surface of said cavity in the first

compartment of at least 5 degrees.

28. A cartridge as claimed in claim 18, wherein said sample bearing

surface forms an angle with the inner surface of said cavity in the first
compartment of at least 10 degrees.

29. A cartridge as claimed in claim 18, wherein said sample bearing
surface forms an angle with the inner surface of said cavity in the first

compartment of at least 15 degrees.
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30. A cartridge as claimed in claim 18, wherein said sample bearing
surface forms an angle with the inner surface of said cavity in the first

compartment of at least 30 degrees.

31. An assembly comprising a plurality of cartridge devices according
to any one of claims 1-26, wherein said devices are stacked vertically, one

above the other.

32. An assembly comprising a plurality of devices according to any
one of claims 1-26, wherein said devices are arranged horizontally, in a side-

by-side relationship.

33. An assembly comprising a plurality of cartridge devices according
to any one of claims 1-26, arranged both horizontally and vertically in a box-

arrangement.
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