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CENTRIFUGAL CYTOLOGY SYSTEM, CHAMBER BLOCK AND METHOD FOR
THE PREPARATION OF TREATED MONOLAYERS OF SAMPLE MATERIAL

BACKGROUND OF THE INVENTION
DEFINITIONS

To facilitate understanding of the method of this invention, the following definitions of

terms used in this specification and claims are provided.

1. The term “material” is defined to include: cells, organisms, bacteria, viruses, histo-
logical sections, organic and inorganic particulates and matter, and any other dis-
cernible material which provides diagnostic and/or analytical information

whatsoever.

2. The term “microscopic analysis” is defined to be a process wherein a microscope
under human and/or a machine control is used for visualization, analysis, and/or
enumeration, and/or categorization, and/or photography, and/or electronic image

acquisition of material.

3. The term “receiving surface member” will be used in a generic sense to describe all
discrete objects which serve as substrates to support material for microscopic view-
ing and/or observation and/or analysis. The current, most common receiving surface
member is a microscope slide, which is glass rectangular object that is approxi-
mately 1 mm thick, 25 mm wide, and 75 mm long. These are the items convention-

ally referred to as microscope slides for laboratory and commercial purposes.

4. The term “monolayer” is defined as a substantially two-dimensional layer of uni-
formly distributed material. For cytological applications, this material is predomi-
nantly made up of single cells and small clusters of cells, on a receiving surface

member, such as a microscope slide or other appropriate substrate, without substan-
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tial folding or overlapping of cells or particles.

5. The term “specimen processor” will be used to describe a system that prepares one
or more fixed, stained monolayer of material, such as cells or other particles, on

receiving surface members.

6. The term “motor” is defined as an element or system that can index to specific angles

and/or maintain rotatory motion.

7. The term “upfield direction” will be used to describe the direction opposite to the

centrifugal field.

8. The term “downfield direction” will be used to describe the direction of the centrifu-

gal field.

9. The term “random access” is defined in accordance with its use in clinical chemistry
to be a process wherein one or more individual treating agents are delivered to spe-
cific members of a group of containers, such as: reaction containers, and/or, sample

containers, and/or chamber block assemblies, and/or cuvettes.

10. The term “batch” is defined in accordance with its use in clinical chemistry to be a
process wherein one treating agent is delivered to all members of a group of contain-
ers, such as: reaction containers, and/or, sample containers, and/or chamber block

assemblies, and/or cuvettes.

11. The term “stain” is defined to include any species that alters one or more optical
properties of materials, such as cells or other particles. Thus, “stains” include: con-

ventional small molecular histological or cytological stains such as DAPI, fluores-

cein, hematoxylin, europium Quantum DyeR and eosin. “Stains” also include
macromolecular species, such as proteins, polysaccharides, RNA, and DNA that

have been labeled with conventional stains, fluorescent macromolecules or contain
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an internal fluorochrome.

12. The term “treating agent” is defined to include any species or solution or fluid that
alters one or more properties of materials. Thus, treating agents include: reagents;
stains: buffers; fixatives; solvents, dehydrating and rehydrating liquids or solutions;
lanthanide enhanced luminescence solutions; liquid coversliping solutions; cell per-
meating solutions; specific cell lysis solutions; gases; and molecules, particles or
other cells that specifically combine with analytes present in or on the cells or other

particles

Prior Art Citations

To facilitate a complete understanding of the Background of the Invention, as well as
uses of the invention and its advantages over the prior art, numerous citations will be ref-
erenced (Ref.) by a number hereinafter, sometimes with page numbers and other times

with direct quotation. These citations are sequentially numbered next.
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1. FIELD OF THE INVENTION

This invention relates to an automated system that, from a sample of cells in a liquid

medium, produces a monolayer preparation suitable for microscopic analysis.
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2. DESCRIPTION OF THE PRIOR ART

G. N. Papanicolaou, for his clinical cytology studies, did not use the conventional
smearing technique, classically used in hematology, to produce air-dried smears of cells.
He stated (Ref. 1, p. 4), “Drying of the smears should be avoided throughout the procedure
as it results in flattening and distortion of the cells and their nuclei and a loss of their struc-
tural characteristics and affinity for stains.” This realization by Papanicolaou of the utility
of wet fixation enabled him to start the field of cytological screening. The most successful

use of cytological screening has been gynecological cytology.

The standard Papanicolaou wet fixed smear has the very significant problem of inade-
quate sampling of the material scraped from the cervix. Pap smears do not provide a repre-
sentative sample of the sample obtained (Ref. 2 and Ref. 3). This has been solved as
described in US Patent 4,250,830 (Ref. 4) by the transfer of the material to a liquid sus-
pending medium and subsequent deposition of the cells on a receiving surface member.
These liquid preparations have the further advantages of permitting the cell clumps to be
partially disaggregated and monolayers to be formed with minimal adventitious cell over-
lap. They have the further advantage of permitting the sample to be separated into aliquots
(split) to be used for multiple means for analysis. For instance, a first sample of a speci-
men containing gynecological cells can be used for conventional cervical cell microscopic
screening and a second for clinical laboratory detection of an infecting organism, such as

human papilloma virus.

Conventionally, after the cells have been deposited on the slide, the slides are then pro-
cessed in groups. This processing includes changing of the stains and solvents, customar-
ily by sequentially lifting one or more slides out of one vessel of treating agent and
Jowering them into a different vessel of treating agent. This has the significant problem
that cells can fall off of a receiving surface member, such as a microscope slide, and even
worse be transferred and adhere to a different receiving surface member. Since small num-
bers of abnormal individual cells or clumps of cells are all that is available and sufficient

to make a diagnosis, the loss of these cells or clumps containing these cells from a receiv-
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ing surface member can result in no evidence of disease when cancer cells were present in
the sample. If these diagnostic cells instead of being lost from a first slide adventitiously

attach to a second slide, then a false diagnosis of malignancy can occu.

The sum of the costs of processing of the cells to 1) produce monolayers, 2) stain and
3) apply a coverslip is sufficient to act as a deterrent to effective cancer screening. This is

true even if each individual step includes automation.
Present Status of Exfoliative Cytology Monolayer Specimen Preparation Instrumen-
tation
The preparation of cells from a suspension on a receiving surface member, such as a
microscope slide or similar receiving surface member, consists of the following steps:
(1) Obtain the sample;
(2) Suspend the sample in a solution, which often serves to fix and/or dissociate
the cells;
(3) place the cells on a receiving surface member;
(4) stain the material on the receiving surface member;
(5) coverslip the receiving surface member;
(6) move one or more receiving surface members to a temporary storage device;
(7) transfer the receiving surface member to the microscope stage;
(8) analyze the material; and
(9) transfer the receiving surface member to an archive.

The three major factors controlling recovery of cells from a suspension onto a slide
are; 1) cell losses in the apparatus; 2) the adhesiveness of the cell binding surface; and 3)
the force pushing the cells onto the surface. The two basic methods for preparing mono-
Jayers are: 1) pressure transfer, where the cells are initially placed on a nonadhesive sub-

strate and transferred by pressure to a slide which binds them (Ref. 5); and 2) centrifuging
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the cells onto a receiving surface member (Ref. 6). One variation of centrifugation isto

have the cells settle at unit gravity (Ref. 7).

Pressure Transfer

US Patent 4,395,493 (Ref. 8) is the first of a group of patents that describe a process
for producing monolayers of cells by first collecting the cells from a sample suspension on
a filter and then transferring the cells from the filter to a microscope slide with simulta-
neous fixation. This device is based on the initial studies of Garcia and Tolles (Ref. 9) and
Rosenthal et al. (Ref. 10).

US 4,395,493 teaches a device that consisted of: a cell suspension in a sample bath that
under positive pressure delivered a cell containing suspension to conventional cell sensor,
preferably an electronic cell counter, Coulter type. A control system metered this volume
through the counter and into an application vessel, which had a rectangular window at its
bottom which is closed by a filter strip or tape, which formed a water tight seal with a
matching rectangular shaped top of a drain. This drain was connected to a vacuum source,
which was activated while or after the sample suspension entered the vessel. This negative
pressure sucked the liquid of the sample suspension through the tape or filter and depos-
ited the cells on the upper surface of the tape. After withdrawing all liquid from vessel, the

vacuum source was deactivated and the vessel drain and tape were separated.

The cell carrying tape was then advanced to a second location, where a conventional
microscope slide is located on the cell-containing side of the tape; and a hard sponge,
which has previously been wetted with fixative, is located on the opposite side of the tape.
The block that supports the fixative containing sponge is moved in the direction of the
microscope slide. This presses the hard sponge against the tape, thereby pressing the tape
against the microscope slide. This facilitates the transfers of the cells to the slide and fixes
them further. The inventors state, “not only fixes the cells, but helps them to adhere to the
slide”. (Col. 3, lines 39-40) The inventors provided an example of a fixative, which “con-
tains in one liter: 95% ethanol (107.7 milliliters); distilled water (995.2 milliliters);
sodium chloride (7.7 grams) and thymol (0.25 grams).” (Col. 3, lines 42-44) After the
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cells have been transferred, the sponge, tape, and slide are separated. Thereafter, the slide
could be manually removed or transferred by some automated means “implemented by
known devices in the art.” (Col. 3, lines 50-51) The combination of standard or specialized
robotics to transfer the microscope slide and the automated staining machine can be can be
complex and is expensive in labor, capital cost, and bench space. The subsequent refine-
ments of this invention, US Patent 4,395,493 (Ref. 8), to the CYTYC corporation, still
have these problems and employ expensive filters. The CYTYC system has the problem
of selective loss of cells and other diagnostic materials. This can occur by passage
through the filter of small cells, bacteria, viruses, fibers, and particles, which can have
diagnostic significance and selective transfer of the cells and other material from the tape

to the slide.

Subsequent patents, US 5,143,627 (Ref. 11) and US 5,282,978 (Ref. 12) have described
refinements, which include the use of a disposable sample collector with a complex mech-
anism to laterally and vertically move, rotate and invert it. The sample collector is termi-

nated by either a circular or ellipsoidal filter. The sample collector is: 1) lowered into

sample container with its filter end down; 2) rotated to induce a shear force, that disaggre
gated some of the clumps of cells; pumped under vacuum to selectively transfer the fluid
that contains the cells from the sample container into the sample collector. This results in
the cells being collected on the external surface of the filter. 3) The sample collector is
then removed from the sample container and inverted. 4) A microscope slide is placed
above the filter end of the sample collector; and 5) the cells are transferred from the sur-
face of the filter to the microscope slide. This has been accomplished in two ways: either
by applying alcohol to the inner surface of the filter, by action of an alcohol wetted
sponge, or by air pressure applied to the inner side of the filter. Because of the critical
nature of the contact between the filter and microscope slide, special manufacturing tech-
niques, US Patent 5,503,802 (Ref. 13) and US Patent 5,772,818 (Ref. 14) have been devel-
oped to maintain the flatness of the filter and to provide a reliable seal between the filter

and the body of the sample collector. In order to collect a selected quantity of cells for
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cytological examination, special means to provide feedback on the effect of the cells
blocking the pores of the filter had to be developed, US Patent 6,010,909 (Ref. 15).

The systems described in the above patents are complex, involve significant numbers
of moving parts including belts, and require a complex disposable, the sample collector,
which includes an expensive filter. These systems only produce one cell dispersion at a
time, are expensive; because their mechanical complexity results in significant mainte-
nance costs; and requires ancillary expensive equipment, such as a slide stainer. In the
case of air-driven dislodgement of the cells, air drying is possible. The dispersions of the
slides produced have selected loss of particles smaller than the pore size of the filters; and
the possibility of selective transfer of different types of cells from the filter to the slide can

not be totally eliminated.

Unit Gravity Sedimentation

US Patent 5,346,831 (Ref. 16) describes a process for producing monolayers of cells on
a cationically charged microscope slide. US 5,346,831 states: “The method comprises the
steps of separating the cytological material by centrifugation over a density gradient, pro-
ducing a packed pellet of the cytological material, mixing the pellet of the cytological
material, withdrawing an aliquot of a predetermined volume from the mixed pellet, depos-
iting the aliquot and a predetermined volume of water into a sedimentation vessel, which
is removably secured to the cationically-charged substrate, allowing the cytological mate-
rial to settle onto the substrate under the force of gravity, and after settlement of the cyto-
logical material, removing the water from the sedimentation vessel. For automated
analysis, the sedimentation vessel may be detached from the substrate.” (Col. 2, Lines 7-
21)

The sedimentation vessel and its use are described in US Patent 5,419,279 (Ref. 17). A
cationically-charged, conventional microscope slide is sandwiched between a cylindrical
tube and a base plate. The cylindrical tube has a flange at its base, which both holds an O-
ring and locks into the base plate. A cylindrical chamber is formed by sealing the cylindri-

cal tube to the conventional microscope slide surface with the O-ring. After a suspension

PCT/US03/11394
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of cells is added to the cylindrical chamber, the cells sediment under the earth’s gravita-
tional field and some settle and adhere to the slide. The supernatant solution is aspirated

and then the cells are “stained using standard staining methods”. (Col. 4, line 24)

US Patent 5,419,279 (Ref. 17) includes the statement, “ After settlement of the cells
onto the slide, the supernatant is removed by aspiration which also includes removal of
excess cells which have not adhered to the slide.” (Col. 4, lines 17-21) Since the cells in
the sample either have not all sedimented on to the conventional microscope slide or have
different surface charges (Ref. 18), which could result in differing capacities to adhere to
the cationically-charged receiving surface of the receiving surface member (conventional
microscope slide), the cells recovered on the slide need not be representative of the cells

transferred to the cylindrical chamber.

US Patent 5,346,831 (Ref. 16) describes two centrifugation steps in 12 ml conical tubes
followed by final resuspention of a small volume of sample, 150 ul, “followed by 500 ul

of deionized H,0 into a sedimentation vessel attached to a slide”. (Col. 4, lines 48-49)

This 650 ul is a smaller volume than is present in many samples, such as cervical scrapes.

Centrifuging the Cells

The first technique to prepare dispersions of wet fixed cells by centrifugation was cen-
trifugal cytology (Ref. 19). The cells were centrifuged onto a conventional microscope
slide, the supernatant removed and a fixative applied by a means that did not dislodge the
cells. During fixation, the cells were held in position by the application of a centrifugal
force. An apparatus used for this process is described in U.S. Patent 4,250,830 (Ref. 4.),
which is incorporated herein by reference. The design and use of an apparatus to perform
centrifugal cytology has been described recently by Leif (Ref. 6), which is incorporated
herein by reference. The present embodiment of the Leif Centrifugal Cytology bucket, as
described in Ref. 6, is based on a swinging bucket rotor. Either an aluminum carrier
serves as a replacement for the standard swing-out cup of a swinging bucket rotor, or a

special plastic carrier is supported by a swing-cup of a swinging bucket rotor. In either
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case, a fluid tight chamber is formed by pressing and sealing an elastomeric chamber
block against a standard 3 by 1 inch microscope slide (Ref. 4). The slide serves as the base
of the pyramidal sample chambers present in the block. The incline of the slanted chamber
walls follows the radius emanating from the center of the centrifuge. Since materials, such
as cells and other particles, follow a radial trajectory, this incline prevents their deposition
on the chamber walls. The cell containing suspension is first placed in a chamber and then
the cells are centrifuged onto the slide. Most of the supernatant is removed and a fixative
is added in a manner that does not dislodge the cells. A frit is used as a synthetic boundary
valve, which limits the delivery of the bulk of the fixative to after the centrifugal field is
applied. The designs of synthetic boundary cells, which are a means to transfer fluidina
cenirifuge into a centrifugation chamber, have been described by Schachman (Ref. 20)
and another design to deliver a reagent into a cuvette mounted in a centrifuge has been
described by Goldstein et al. US Patent 4,119,407 (Ref. 21). During fixation, the cells are
pressed onto the slide by centrifugal force. After fixation, the slide is separated from the
chamber block and can then be processed by conventional staining techniques. The cen-
trifugal cytology bucket was designed to facilitate the cytological examination of cells

from dilute biological fluids.

The centrifugal cytology bucket can be used clinically to prepare cells for human
screening (Ref. 22) and shows great potential for automated clinical cytology (Ref. 23).
The Leif centrifugal cytology bucket has been used to prepare the following tissues and
body fluids for cytological examination: blood (Ref. 19), cervical scrapes (Ref. 24), body
fluids including cerebral spinal fluid (Ref. 25), nipple aspirate (Ref. 26), sputum (Ref. 25),
urine (Ref. 27), eye fluids including tears and vitreous humor (Ref. 28). The centrifugal
cytology bucket has been employed to quantitate biologically active lymphocytes, such as

Jerne Plaque and rosette forming cells (Ref. 29), as well as natural killer cells (Ref. 30).

As described in US Patent 5,188,935 (Ref. 31), which is incorporated herein by refer-
ence, part or all of the staining of the cells can occur prior to sedimenting the cells onto the

microscope slide. In the case of the Papanicolaou stain, it was possible (Ref. 32) to treat



WO 03/104801 PCT/US03/11394

16

cervical-vaginal cells with two of the cystoplasmic stains (EA and OG), which were
diluted in ethanol while they were still in the centrifugal cytology bucket. This was fol-
lowed with a 100% ethanol wash, wash with a mixture of 50% ethanol and 50% xylene
and a final wash with 100% xylene. After the addition of the EA and OG containing solu-
tion, “centrifugation was then omitted in order to minimize precipitation of the stain after
this step.” (Page 58). Complete dehydration of the cells prior to the addition EA and OG
containing solution was necessary and required that the centrifugal cytology buckets be
inverted. This procedure required significant manual labor, could not be directly auto-
mated, would require a complex mechanical system to invert the buckets, did not provide
a complete solution to the problem of cross-contamination because the same pipette was
used to add the solvents to the buckets, and provided minimal safety against the biohaz-

ards associated with human samples.

Van Duijn US Patent 4,192,250 (Ref. 33) has described a centrifuge with an electroni-
cally controlled valve that can empty the fluid from above a conventional microscope
slide through a drainage channel and can overlay this surface with a fluid. This system has
the following limitations: 1) The sample chambers are part of the rotor. This requires that
the cover plate be removed in order to clean the inside of the chambers. Since the cham-
bers are part of the rotor, they cannot be premanufactured to be both clean (cell free) and
attached to the slide. Each slide has to be manually inserted with the cover plate removed.
2) Each chamber requires its own electronically controlled valve, which requires transfer
of a significant amount of electricity to the rotor. The valves have to be opened for each
transfer. 3) Because the valves have to repeatedly retard the fluid under full load, they can
be caused to leak out the cell containing fluid by the presence of an imperfection or debris.
4) The system does not drain at rest. 5) The same type of fluid must be added to all of the
chambers. This is a totally batch system, which does not include the capability to treat dif-
ferent slides with individualized reagents to simultaneously produce slides with different

histochemistries. 6) The rotor can not be removed easily from the centrifuge for cleaning

and maintenance. 7) The slide must be inclined at an angle of 4° to 6° with regards to the

rotation axis, which in order to prevent sliding of the cells off of the slide, Limits the cen-
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trifugal force applied. 8) Only one concentration of cells per unit area is produced on each
slide. A new slide must be produced if the concentration of the cells on the slide is either

too high or too low for analysis.

Kelly et al. US Patent 5,480,484 (Ref. 34) describes a cytology cenirifuge apparatus
that employs a cell concentrator assembly that is tilted at rest and is vertical in a rotor dur-
ing centrifugation. In one of the embodiments three fluid specimens are inserted into three
separate wells prior to centrifugation; and, in another embodiment, one larger specimen is
inserted into one larger well prior to centrifugation. Fluid is transferred into the well(s)
“by inserting a pipette containing the sample through the fluid receiving apertures”. (Col.
8. lines 56-58) The orientation of the well(s) at rest is such that the cell containing fluid
does not come into contact with the microscope slide. During centrifugation, the wells in
the vertical cell concentrator assembly are in contact with the slide, which permits the
cells to sediment on to the slide. After the cenirifuge is stopped, the cell concentrator
assembly returns to its tilted position and the supernatant liquid returns to the well(s)
where it “may be removed by aspiration with a pipette inserted through the fluid receiving
apertures”. (Col. 9 lines 9-10) The cells subsequently can be stained in the cell concentra-
tor assembly. “When the concentrator 70 is used as a staining chamber, staining reagents
may be inserted into the wells 94a-c through the fluid receiving apertures 76a-c and
brought into contact with the deposited cells by inverting the concentrator 70 so that so
that the slide is resting in a horizontal orientation. With the concentrator 7 0 in this posi-
tion, the reagents flow through the corresponding fluid expulsion apertures 90a-c, respec-
tively, to contact and flow onto the slide 120. The concentrator 70 is effective as a staining
chamber since there is no bibulous paper disposed between the chamber and the slide
which would absorb the expensive staining reagents. Features of the concentrator 70
which enhance its use as a staining chamber include the shallowness and small volume
capacity of the wells 94a-c which prevent waste of expensive staining reagents.” (Col. 9
lines 31- 42) This small volume capacity often makes it impossible to deliver from one
centrifugation sample a sufficient number of cells for either research or clinical analysis.

This problem is exacerbated by the necessity of stabilizing samples for shipment from the
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place where they were acquired to the clinical laboratory where they are prepared and ana-
lyzed. This stabilization of samples for liquid preparation often involves the dilution of

samples with stabilizing fluids.

A series of patents, all assigned to E. 1. Du Pont de Nemours & Co., describe vacuum
driven means for the removal of supernatant fluid from removable chamber blocks that
abut and are sealed by a deformable ring to a deposition surface. Boulclier, US Patent
4,306,514 (Ref. 35) and Boeckel, US Patent 4,327,661 (Ref. 36) described a removable
chamber block that had an opening that received a cell suspension and contacted a deposi-
tion surface. A capillary, with an end proximal to the deposition surface, was connected to
a vacuum line. After centrifugation has been completed, vacuum was applied and a baffle
located just upfield of the capillary deflected the supernatant into a collection vial. This
design “permits individual collection and segregation of supernatant withdrawn from the
vicinity of the deposition surface.” (Col.8, lines 45-47) The use of a vacuum system signif-
icantly increases the cost and complexity of the device, as well as decreases its reliability.
Tt also significantly increases the probability of air-drying of the cells, which causes a sig-

nificant decrease in the quality of their morphology.

Boeckel et al. US Patent 4,314,523 (Ref. 37) describes a rotor and centrifuge combina-
tion that could be employed for the chamber blocks of US Patents 4,306,514 (Ref. 35) and
4.327,661 (Ref. 36). The sample holder of US Patent 4,314,523 (Ref. 37) included a vac-
uum seal that permitted evacuating the chamber blocks while the rotor spun. This type of

seal increases the cost and complexity of the device, as well as decreasing its reliability.

Boeckel et al. US Patent 4,423,699 (Ref. 38) described improvements on US Patent
4.314,523 (Ref. 37). The vacuum system was part of the top of the rotor and an improved
spring loaded mechanism and pivot arm was employed to insert, hold and remove the
sample containing chambers. The introduction of a staining dye through the tube that was
connecting to the vacuum line was mentioned. This was a batch system, where all of the
chambers and deposition surfaces would be exposed to the same dyes. The improvement

of a rotating seal also was described.



WO 03
/104801 ” PCT/US03/11394

Alternative embodiments of conduits that remove the supernatant from the chambers
were described in Figures 4, 5, and 6 of US Patent 4,423,699. In Figure 4, “the conduit
102 instead of being returned to the spring-loaded tube as described before, is simply
brought back (radially inward) by the radial distance X and then returned (radially out-
ward) to a point beyond the outer wall of the chamber such that once fluid fills the outlet
portion of the chamber beyond the distance X, a fluid flow or siphon will be established
which will be maintained until all the excess fluid is removed.” (Col. 5, lines 21-28) This
flow will occur during centrifugation and will remove all of the supernatant fluid.
Although “a spring-loaded interconnector, of the type illustrated in FIG. 3, disposed in the
outer wall of the rotor” (Col. 5, lines 29-31) is mentioned, no means is described on how
to make this type of seal operate against a centrifugal force. It was also suggested, “Or, the
outer wall and base of the rotor may be slotted to accommodate the exhaust conduit 102.
In this instance, the exhausted fluid will atomize or “aerosol” within the housing (not

shown) for the rotor.” (Col. 5, lines 31-35) This would present an unacceptable biohazard.

Figure 5 shows “an extra transport tube 120 is introduced with a deflector 122 at its
outlet end so that fluid may be specifically introduced, from the upper portion 124 of the
chamber, to fill the chamber with fluid to the distance X, following centrifugation and
deposition on the slides, thereby to exhaust the chamber. The transport tube may be sup-
plied from the distributor as in FIG. 1 using a spring-loaded contact,”. (Col. 5, lines 37-44)
This design will wash the chamber; however, it will not stop the premature loss of cell

containing supernatant.

Figure 6 shows the exhaust tube ending in a tee at the bottom of the chamber, with the
upfield end being able to use a spring-loaded contact to connect through the rotating seal
to a vacuum system to aspirate the fluid from the chamber or another unspecified source,
to introduce fluid into the chamber. The possibility of using a double rotating seal to return
the fluid in line 130 through the rotating seal to an exhaust chamber is mentioned. Presum-
ably this would entail the same type of spring loaded seal as described for Figure 4 with

the same problem of maintaining a seal against the force of gravity. If this type of seal is
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not used, then again flow can occur during centrifugation with removal of cell containing

supernatant fluid.

Wells US Patent 4,428,323 (Ref. 39) indicates that there was a significant problem with
the supernatant leaving a chamber block prior to centrifugation. “Observations have indi-
cated the possibility that a sample of particles and supernatant introduced into the inlet
channel may run through the block into a collection vial before the particles have had an
opportunity to deposit onto the deposition surface. This possibility is enhanced if with-
drawal suction is applied to the block before the particles have been subjected to the cen-
trifugal force field.” (Col. 1, lines 42-49)

Figure 1 of Wells US Patent 4,428,323 (Ref. 39) shows that the addition of a dam that
defines a well for the supernatant solved this problem. However, the design shown in Fig-
ure 1 limits the volume of sample, so that it is not suitable for cervical-vaginal and other
cell suspensions of clinical interest. In order to be shipped from the physician to the clini-
cal laboratory, these samples often have to be diluted inio a stabilizing solution. Mechani-

cal dissociation of these cells also requires a significant volume of fluid.

Wells US Patent 4,576,110 (Ref. 40) eliminated the use of a vacuum system by install-
ing a channel ending in a porous plug, which was at a predetermined close distance from
the cell deposition surface. The plug and cell deposition surface were separated from the
cell deposition channel by dam. Initially, both the region of the chamber between the cell
deposition surface and the plug are filled with air, which blocks the capillary transport of
the cell containing fluid. Application of the centrifugal field results in moving the fluid
over the dam to contact both the cell deposition surface and the plug. The patent states,
“During rotation the centrifuge force acting in a radially outward direction relative to the
rotor 10 overcomes the oppositely directed capillary force exerted by the absorbant plug
P.” (Col. 5, lines 15-19) The geometry of the cell containing fluid channel and the plug
constitute a U tube and both are colinear with the centrifugal field. The two arms of the U
tube will be brought into balance by the centrifugal field with the result that significant

cell containing fluid could be lost or the volume of sample would be small and insufficient
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for many cytological preparations, such as cervical cytology preparations. In any event,
after cessation of the centrifugal field, the downward inclination of the plug and capillarity
should result in drainage of the supernatant fluid. The rotor was sealed, which will mini-
mize the effect of internal aerosols, such as those produced by fluids draining out of the
porous plug during centrifugation. Wells US Patent 4,574,729 (Ref. 41) commented on
this possibility. “In practice, however, it has been found that while the centrifuge rotor
rotates to its operating speed the presence of the absorbant plug in next adjacency to the
deposition surface has the effect of prematurely withdrawing both supernatant and cells
suspended therein. This is perceived as disadvantageous since it prevents the sedimenta-

tion of cells on the surface.” (Col. 1, lines 43-49)

Wells US Patent 4,574,729 (Ref. 41) improved upon US Patent 4,576,110 (Ref. 40) by
providing “a centrifugal force responsive arrangement which restrains the movement of
the absorbent plug with respect to a chamber block in which it is inserted into the region in
adjacency to the deposition surface until the rotor reaches a predetermined operating
speed.” (Col. 1, lines 58-62) This stops the premature loss of cell containing fluid. Two
means to restrain the movement of the plug are described. The first employs a “flared por-
tion at the trailing edge of the plug.” (Col. 4, line 64) The tines which comprise this “flared
portion” are compressed as the centrifugal force propels the plug into a cylindrical chan-
nel. The second means is essentially an O ring which is expanded by the plug. These plugs
and housings are both complex and would require special instruments to remove them for
the required cleaning, prior to reuse of the chamber blocks. The protruding of the trailing
edge of the solid plug US Patent 4,574,729 (Ref. 41) can interfere with the removal of the
chamber blocks from the rotor. US Patent 4,423,699 (Ref. 42) describes an “inner support
for the back wall of the chamber and has a corresponding flat or planar portion 31 within
each cavity adapted to accommodate the various chambers as described.” (Col. 3, lines 49-
53). Sliding the protruding trailing edge of a solid plug pasta flat wall requires a complex

mechanism to retract the wall.



WO 03/104801
” PCT/US03/11394

Stokes et al., US Patent 5,376,267 (Ref. 43) desctibe an improved cytocentrifuge rotor
that wets the filter pad prior to the arrival of the sample. A plurality of “liquid-receiving
chambers are arranged in line successively to discharge sequentially into a conduit in com-
mon that leads to holding means for a filter pad”, (Col. 1, lines 50-5 2) which terminates
their cytocentrifugation device. The second chamber, which only holds “a few droplets of
the wetting liquid, typically two-hundred microliters” (Col. 8, lines 2-4) is located above
and opens into the conduit. Since the second chamber delivers its content directly into the
conduit and is located between the sample chamber and the filter pad holder, the wetting
liquid arrives at and wets the filter pad prior to the cell containing suspension. This signif-
icantly reduces the number of cells absorbed into the filter pad. The surface tension of the
wetting liquid prevents movement in the conduit “except under centrifugal force when
such liquid will flow toward and into the opening 12a or 27a of the filter pad in advance of

the liquid sample from chamber 23.” (Col. 8, lines 6-9).

Figure 4 of US Patent 5,376,267 shows a third chamber for containing fixative. It is
similar in size to and upfield of the sample chamber. The fixative chamber delivers its con-
tent to the conduit subsequent to the sample. No mention is made of the effect of the rela-
tive density of the fixative solution and that of the sample. If the fixative is less dense than
the sample, it will float upfield of the sample; conversely, if it is more dense, it will sink
downfield of the sample. If the fixative floats, its efficacy will be greatly diminished. Ifit
sinks, the cells will be partially fixed as they traverse the fixative and proteins and other
matter in the sample will be precipitated by the fixative and contaminate the surface of the
slide. Since the conduit volume has to hold the sum of the volumes of the fixative and
sample, the concentration of cells on the surface of the slide will be diminished. This
decrease in cell concentration and limited deposition area of this cytocentrifugation device
can result in a significantly reduced number of diagnostic cells, which renders the sample
inadequate or suboptimal for diagnosis (Ref. 27). No means, other than the filter pad, was
described to remove the fluid. Thus, this device is incapable of stopping the rotor and per-

forming sequential additions of liquids.
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Automated Staining Apparatus

Kalra et al. US Patent 5,948,359 describe (Ref. 44) an automated apparatus for staining
cell and tissue specimens that is capable of random access and liquid coversliping a slide.
This apparatus includes a unique arm that is movable in three dimensions and includes a
hollow tip head. This head includes three channels, a wash tip, a blow tip and a reagent tip
head. The reagent tip head “is adapted to pick up disposable plastic pipette tips from the
standard containers”. (Col. 4, lines 62-64) It can sample from multiple individual reagent
vials and deliver a measured amount to individual microscope slides. The blow tip ends in
a slit which delivers a stream of gas, typically air, that removes excess liquids from a
microscope slide. The wash tip which “is used to deliver diverse liquid solutions to the
slide.” (Col. 5 lines 29-30).

US Patent 5,948,359 (Ref. 44) states (Col. 16, lines 38-41), “Representative of proto-
cols useful in such slide preparation protocols are the methods disclosed in PCT Publica-
tion WO 95/24498 and in U.S. Pat. No. 5,578,452 (Ref. 45).” US Patent 5,492,837 (Ref.
46) states, “Accordingly to our invention, aqueous PVP (polyvinyl-pyrrolidone) is
employed as a mounting medium for hematological, histological and cytological micro-
scope slide preparations and for any other slide mounting situation involving tissue and

blood preparations.” (Col. 2, lines 38-42)

Stokes et al., US Patent 5,180,606 (Ref. 47) have described a staining apparatus that
includes a slide holding carousel, which can be interchanged “with a different, inter-
changeable centrifuging rotor,” (Col. 4, lines 43-44). The cells have been deposited on
standard microscope slides prior to the insertion of the slides in the carousel. The micro-
scope slides are held in the carousel with the long dimension of the slide surface oriented
in the direction of the centrifugal field and the shorter dimension of the slide surface verti-
cal. Reagents are sprayed through nozzles against the slide surface that has the deposited
cells. One nozzle, “however, is arranged to spray the back side of the slides as they pass.”
(Col. 7, lines 12-13) “The carousel is operated at a known rate of rotation, for example,

thirty RPM, for the spraying operation.” (Col. 6, lines 41-43) In a description of the use of
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crystal violet as part of the gram staining protocol, US Patent 5,180,606 states, “It has
heen found that a ten second spray time (five full revolutions of the carousel) is generally
satisfactory.” (Col. 6, lines 55-57) The continuing discussion of the method states, “After
application of the crystal violet, it has been found beneficial to increase the speed of rota-
tion of the carousel to between 500 to 1000 RPM for three seconds to remove the excess

crystal violet reagent from the slides.” (Col. 6, lines 62-66)

The application of the centrifugal field is orthogonal to slide surface that has the depos-
ited cells, which results in a force to shear the cells from the slide. The reagents are
applied in batch mode. Although US Patent 5, 180,606 employs flow control valves which
can “be operated to conserve all reagents by controlling the spray of reagent to spray only
during the time the slides present in the carousel are passing the spray nozzles when less
than a full load of slides is being stained”, (Col. 6, lines 20-24) no means is provided or
mentioned to selectively apply arreagent to a subset of the slides in the carousel without
cross-contamination. Since the reagent is applied continuously, the amount of reagent is
greater than that required to just wet the surface of the slide. The use of fixed nozzles, to
apply reagents to rotating slides, results in an aerosol, which, as is shown in Fig. 2 of US
Patent 5,180,606, is only contained by a top cover, which must eventually be opened.
There is a running collecting area through circumferentially placed slots, which are
located at the bottom portion of the carousel into drain fitting 38 in the bowl beneath the
carousel, which is connected by tubing to an exit drain fitting at a lower level in instru-

ment housing.

Centrifugal Driven Dispensing Systems

Centrifugal driven dispensing systems previously have been employed in chemistry
analyzers, for example US Patent 3,856,470 (Ref. 48) and US Patent 4,431,606 (Ref. 49).
As described in US Patent 3,856,470, each member of a pair of radially spaced chambers
can be loaded with a separate fluid, such as a reagent in one chamber and an analyte con-
taining solution in the other chamber. Centrifugal force delivers the two solutions to a

third chamber where they are mixed and subsequently delivered into a cuvette for optical
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analysis. US Patent 4,431,606, which is incorporated herein by reference, describes an
analytical centrifugal rotor which permits precise distribution of identical volumes into
analytical cells for subsequent optical measurements of analytes through the windows of
the analytical cells. This analytical centrifugal rotor includes: a common central distribu-
tion chamber, portioning cavities, two or more overflow reservoirs, and analytical cells.
The common central distribution chamber is filled with a volume of liquid that is greater
than the sum of the volumes of the analytical cells. The excess volume of liquid is trans-
ferred to the overflow reservoirs. This is accomplished by the employing a transfer pas-
sage, which acts as a synthetic boundary valve, that blocks fluid transfer at low centrifugal
forces “of the order of 400 to 600 rpm for 4 to 8s.” (Col. 3, lines 22-23); but permits lig-
uid transfer from the common central distribution chamber to the portioning cavities, and
subsequently transfer of the excess liquid through apertures into the overflow reservoirs.
Rapidly increasing the centrifugal force “to 4,000-5,000 rpm for 2-5 seconds” (Col. 3, line
51) breaks the meniscus and both allows the escape of air and entrance of fluid through the

transfer passage of the analytical cells.

SUMMARY OF THE INVENTION

A centrifugal cytology system for monolayering materials, such as cells and/or small
particles onto the surface of a microscope-type slide receiving surface member, which is
removably mounted vertically on the downfield side of a chamber block. An array of
chamber block assemblies are positioned around the periphery of a rotor capable of pre-
cise indexing and rotation at sufficient speed to sediment material. These chamber block
assemblies receive sample and treating agent liquids in batch and/or random access mode,
" from dispensers adjacent to the rotor. Treating agent gases are received by being released
at a higher pressure at one location and removed at a lower pressure at another location.
Vacuum can be applied by sealing the higher pressure location and creating a vacuum at
the lower pressure location. Sample is input directly into the cavity of the chamber block
assembly; and then a centrifugal field is applied to sediment the sample as a monolayer

onto the surface of the receiving surface member. The chamber block assembly has a drain
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port provided with a centrifugal force responsive valve, which opens after the centrifugal
force is applied. Preferably, the cavity of the chamber block assembly contains a volume
decreasing element, which decreases the sedimentation path length adjacent to a portion of
the deposition surface; whereby, that portion's monolayer of sample is of decreased con-

centration, as compared to the remainder of the deposition surface's monolayer.

The system includes a circular array of treating agent (liquid) holding troughs, one
respective trough being upfield of each chamber block assembly. By centrifugal force,
each trough feeds its treating agent into the upfield side cavity of the chamber block
assembly, for flowing that treating agent downfield and against the sample monolayer pre-
viously formed on the receiving surface member. When the rotor is slowed and then
stopped, the liquid treating agent flows out through the previously opened valve port. A
sequence of treating agents thus can be applied to the monolayer of sample, to treat the
sample and prepare it for analysis. Subsequently, the receiving surface member is sepa-
rated from the chamber block for analysis and storage. In one embodiment, each treating
agent trough is unified with a chamber block. In another embodiment, the rotor carries a
treating agent (liquid) holding ring which empties into the troughs. In both embodiments,
the chamber block assemblies are individually removable from the rotor. In a third embod-
iment, a thin walled insert containing multiple chamber blocks can be inserted into a spe-

cial rotor.

It is therefore an object of the invention to provide an automated specimen processor,
for preparing fixed monolayers of stained cells, that allows automated staining of individ-
ual receiving surface members, including microscope slides with different combinations
of stains and/or treating agents, with minimal or preferably no user intervention, including

where appropriate the application of a liquid coverslip.

It is a further object of this invention to provide an automated specimen processor that
uses treating agents, including expensive staining treating agents, efficiently with a mini-

mum of waste and without extraneous steps.
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It is a still further object of this invention to include in this specimen processor the
capability to be an automated monolayer forming apparatus, that can perform additional

steps as part of a completely automated staining protocol.

It is a still further object of this invention to minimize cell loss in any and all steps in
preparing fixed, monolayers of stained cells on receiving surface members, including

microscope slides.

It is a still further object of this invention to provide an automated specimen processor
that minimizes the risk of cross-contamination between receiving surface members,

including slides, treating agents and solutions.

Tt is also an object of this invention to minimize the cost of the preparation of fixed
monolayers of stained cells on individual receiving surface members, including micro-

scope slides, by automation of the entire process.

It is yet a further object of this invention to deposit simultaneously at least two mono-

layers of different concentrations on different surface areas of a receiving surface member.
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Brief Description of the Drawings

Fig. 1 is a diagrammatic top view of the centrifugal cytology system;
Fig. 2 is a side view of a chamber block assembly;

Figs. 3A-D are top views of thin slices of the chamber block assembly, cut along lines
A-A, B-B, C-C and D-D of Fig. 2;

Figs. 4A,B are side views of the chamber block assembly, showing movement of sam-
ple induced by a centrifugal field; Fig. AC is a view of the particle/cell receiving side of

the receiving surface member, along line C-C of Fig. 4B, showing sedimented cells;

Figs. 5A-D are progressive side views of the downfield portion of the rotor and upfield

top portion of the chamber block;

Figs. 6A-D are side views of the chamber block assembly, showing movement of treat-

ing agent induced by application of a centrifugal field;
Fig. 7 is a top view of an area showing an embodiment of the rotor; and

Figs. 8 A and 8B are side and top views of an alternative design of the chamber block

assembly.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Figure 1, the centrifugal cytology system is identified generally by
numeral 10. The centrifugal cytology system includes a rotor 12 that holds a plurality of
individual, removable chamber block assemblies 14, arranged in the form of an array at
the circumference of rotor 12 and is driven by a motor 16 (shown in dashed lines), of
which the shaft 18 is shown. The rotor 12 is precisely indexed by the motor 16 and a con-
trol unit 20. The combination of the motor 16 and a control unit 20 provide both precise

indexing and a rotational speed to develop 50 x gravity or more. In the preferred embodi-
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ment, the motor 16 is equipped with an optical encoder or other means that will provide
position information. The motor 16 can be a servomotor or in an alternative embodiment a

multipole stepper motor, with or without micro-stepping.

One or more cylindrical holes 22 provides for drainage of waste fluids from the bottom
of the rotor. The same or different treating agents can be delivered to each of the chamber
block assemblies 14. One or more batch dispensers 24 delivers the same treating agent to
each of the chamber block assemblies 14; and zero or more optional individual treating
agent dispensers 26 can provide random access capability by delivering a treating agent to

an individual chamber block.

A chamber block assembly 14 is shown in Figure 2 and as thin sliced top views in Fig-
ures 3 A, B, C, and D. In contradistinction to the original centrifugal cytology swinging
buckets US 4,250,830 (Ref. 4), the chamber block assemblies 14 are maintained in a fixed
position by the rotor. Each chamber block assembly comprises a cavity 28, a chamber
block 15, and a receiving surface member or slide 32; on to which is to be deposited the
materials such as cells or particles present in the sample. The chamber block 15 can be
fabricated out of a solvent resistant plastic, such as polymethylpentene, Mitsui Chemicals

America, Inc., Purchase, NY.

The centrifugal cytology system 10 causes the cells to be deposited as one or more
monolayers 30, 30«in a fixed orientation on the receiving surface member or slide 32 (see
Figure 4C); and also has the capability to add and remove treating agent fluids from each
chamber block assembly 14. A sample inlet 34 is located at the top of the chamber block
15 towards the center of the rotor 12. A separate treating agent inlet 36 is located at the
upfield side, near or at the top of the chamber block. Figure 3A is a top view along line A-
A of Figure 2, which shows both the location of the sample inlet 34, and the treating agent
inlet 36 and the full cavity 28. The chamber block 15 preferably includes a means to pro-
duce two or more different concentrations of a material, such as cells or other particles, on
a slide or receiving surface member 32. As is shown in Figure 3B, a view along line B-B

of Figure 2, a reduced volume cavity 29 results when the chamber block 15 includes a vol-
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ume reducing element 40, which shortens the distance between the upfield side of the cav-
ity 42 and the cell or particle receiving surface 38 of the receiving surface member 32.
This reduction in cavity 28 significantly decreases the volume of fluid per unit area of the
cell or particle receiving surface 38 of the receiving surface member or slide 32. As is
shown in Figure 3C, a view along line C-C of Figure 2, absence of the reducing element
40 maximizes the volume of cavity 28 and concurrently the volume of fluid per unit area

of the cell or particle receiving surface 38 of the receiving surface member or slide 32.

As is shown in Figure 3D, a view along line D-D of Figure 2, the bottom 47 of the
chamber block 15 seals against the cell or particle receiving side 38 of the receiving sur-
face member 32, which closes the bottom of the chamber block assembly. A cylindrical
channel 44 conveys the sample from the sample inlet 34 of Figure 2 through the volume
reducing element 40 of Figure 3B into the cavity 28 toa protuberance 46, which is part of
the bottom 47 of the chamber block 15. This protuberance 46 contains a plug 48, fit into
an output port 50 that faces in the downfield direction. This plug 48 is to be removed by

the action of the centrifugal field, as is shown in Figure 4B.

The receiving surface member 32 and the chamber block 15, when joined together,
serve as a liquid containing module, the chamber block assembly 14. The receiving sur-
face member and chamber block are bonded in such a manner that they can be separated
easily. This bond could be: a weak adhesive, such as employed in 3M Post-it®, St. Paul,
Minnesota: a silastic or other adhesive that can be cut or preferentially bind to one surface;
a grease such as Plews Multi-Purpose Grease, Plews/Edelman Division, Stant Corpora-
tion, Dixon, IL 61021; or a material, such as a wax, that can be melted at moderate tem-
peratures. US Patent 5,784,193 (Ref. 50), which is incorporated herein by reference,
teaches the use of a microscope slide to which is bonded a removable layer with one or
more openings for cells or other materials. Another approach to producing a bond between
the receiving surface member 32 and the chamber block 15 is to employ a two-pour mold
to manufacture the chamber block 15. The first pour can consist of a thin (0.1 to 2mm)

film of an elastomer; and the second pour can be the rest of the chamber block 15. Both
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the durability and ease of breaking this bond are critical. The chamber block assembly 14
must not leak; yet, the chamber block 15 and the receiving surface member 32 must be
separated after they leave the centrifugal cytology system, so that the material, such as
cells or particles, on the surface 38 can be analyzed and/or the receiving surface member

32 stored.

Figure 4A depicts the transfer of the material, such as a cell or particle containing sam-
ple, into the chamber block assembly 14. A sample injector 53 is lowered into the sample
inlet 34 of the chamber block 15. A volume of sample suspension is injected through sam-
ple inlet 34 and the cylindrical channel 44 into the cavity 28, also shown in Figure 2. After
the sample injector is elevated to remove it from the chamber block 15, the rotor 12 is
accelerated to produce a centrifugal field sufficient to form a monolayer of sedimented
cells onto the receiving surface 38 of receiving surface member 32, and to propel the plug
48 out of the port 50, as shown in Figure 4B. While the centrifugal field is applied, the
bulk if not all of the sample suspension 54 remains in the chamber block assembly 14.
After sufficient time has elapsed to sediment the materials, such as cells or other particles,
onto the material receiving side 38 of the receiving surface member 32, the rotor 12 is
decelerated and stopped. The sample suspension fluid drains from the port 50 during
deceleration and while the rotor is at rest, leaving the cavity 28 empty, except for a mono-
Jayer of material and accompanying thin layer of suspension fluid that has attached to the
material receiving side 38 of the receiving surface member 32. This returns the chamber
block assembly 14 to the same condition as in Figure 2, except that plug 48 has been
removed and the attachment of the material to the surface of the slide or receiving surface

member.

The concentration of the sedimented material is proportional to the sedimentation path
Jength. This path length can be decreased by the use of a volume decreasing spacer 40,
which extends the upfield side 43 of the cavity 28 of the chamber block 15 in the down-
field direction. The distance 56 between the downfield side 42 of the volume decreasing

spacer 40 and the area 41 of the opposing receiving side 38 of the receiving surface mem-
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ber 32 is less than the distance 57 between the upfield side 43 of the sample suspension 54

and the area 51 of the opposing receiving side 38.

Figure 4C is a view along line C-C of Figure 4B. Since the concentration of material
30 and 30+on the receiving side 38 of the receiving surface member 32 (Figure 4C) is pro-
portional to the effective width of the cavity 28, i.e. the sedimentation path length, the con-
centration in area 41 is less than that in area 51. This creation of two different
concentrations of material 30, 30=increases the probability that an area with an optimal
material concentration will be produced. Use of multiple volume/path decreasing means
will permit multiple concentrations of a material, such as cells or particles, to be created
on opposing portions of the surface 38 of receiving surface member 32. Also, as shown in
Figures 4B and 4C, the receiving surface member 32 can include a barcode 39 or other

means to identify the source of the material.

Individual types of synthetic boundary valves 52 can be designed for a specific centrif-
ugal force. The design of a specific type of valve can be specified to open at a specific cen-
rifugal force. The present, preferred embodiment of the valve 52 (Figure 4A) is a simple
drill hole or port 50 (Figure 4B) that is filled with grease forming the plug 48. The posi-
tion, diameter, length of the drill hole 50 can be modified to increase or decrease the field
necessary to open the valve 52. The viscosity of the grease and its adhesion to the walls of
the drill hole both increase the force necessary to dislodge it from the drill hole to thereby
open the valve. The temperature of the centrifuge can also be increased, which will
decrease the viscosity of the grease or even melt the grease, and thus facilitate its removal.
Tt should be noted that the operation of the centrifugal cytology system 10 is substantially
independent of the centrifugal field necessary to open the synthetic boundary valve 52
because the bulk of the fluid only escapes after the rotor has been decelerated and is
approaching rest. For most practical purposes, a releasing field of between 5 and 500
times gravity is acceptable. However, there can be specific applications were a very low

field, between 2 and 5 times gravity, would be necessary, because the product of the cen-
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trifugal force and time is being minimized to decrease the relative concentration of small

particles on the receiving side 38 of the receiving surface member 32.

The production of monolayer dispersions of small particles, such as viruses or bacteria
or chromosomes, is facilitated by employing centrifugal forces that are greater than that
presently used for cells (100 to 1,000 x gravity). Centrifugal cytology system rotors 12
which operate at these higher centrifugal fields can employ synthetic boundary valves
which open at higher centrifugal forces. Tt also should be noted that there is a possible
advantage of employing the centrifugal field of this invention to deliberately flatten the
cells. If this can be accomplished without distorting the internal morphology of the cells,
then the quality of the diagnostic images should be improved. Increasing the area of the
individual cells and decreasing the out-of-focus material, by decreasing the thickness of

the cells, should both improve the image.

The initial centrifugation of the material onto the material receiving side 38 of the
receiving surface member 32 encompasses two aspects. The first aspect is to sediment the
material on to the receiving side 38 of the receiving surface member, and the second is to
cause the material to bind or adhere to this surface 38. This binding of the material to the
surface 38 depends upon the chemistry of the receiving surface member and/or its surface.
Positively charged species or physically binding agents have been demonstrated to
increase the adherence of cells to conventional microscope slides (Ref. 6, Ref. 51). In the
case of fixation or staining, the time for performing each step is based on the chemistry of

the step.

The centrifugal cytology system 10 can have two types of dispensing systems, batch
and random access. The batch dispensing system dispenses to all of the chamber blocks 15
of the chamber block assemblies 14 common solutions, such as: fixatives, wash solutions,

alcohols, stains, mounting media, etc.

Figures 5 A-D are partial side views, which show in progression the transfer of treating

agents from the batch dispenser 24 of Figure 1 and the individual dispenser 26 of Figure 1
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to a treating agent trough 58. Figure 5A shows an area of the rotor 12 directly upfield from
the chamber block 15. Going in the direction upfield to downfield, the top 60 of the rotor
12 is configured to produce a treating agent ring 62, followed by the treating agent trough
58, which is at a greater depth in the rotor. The downfield upper edge of the treating agent
trough has a lip 64 which meets the upfield front wall 66 of the chamber block 15.

Figure 5B shows part of the upfield wall 66 and part of the top 68 of a chamber block
15, which has been inserted in the rotor 12 of Figure 1. The treating agent inlet 36 is
located near and downfield from the treating agent trough 58. The sample inlet 34, which
is not involved in this portion of the total process, is shown in the upfield part of the top
68.

As is shown in Figure 5C, the tip 70 of the batch dispenser 24 is in position to deliver a

treating agent fluid into the treating agent ring 62.

The individual dispensers 26 of Figures 1 and 5D are for treating agents that are to be
used for one or more, but conventionally not all of the chamber block assemblies 14
arrayed at the circumference of the rotor 12. These individual dispensers can consist of an
arm capable of vertical motion (not shown) and will be equipped with a treating agent dis-
pensing means. The technology of random access delivery of treating agents is well devel-

oped. The mechanism for treating agent transfer to the chamber block assemblies 14 could

be in a manner similar to that employed for the Coulter® DACOSR chemistry analyzer
(US Patent 4,234,539 Ref. 52). US Patent 4,234,539 described a treating agent supply area
that had separate treating agent containers located in a treating agent disc. treating agent
dispensers added “appropriate reagents to specific cuvettes as those cuvettes advance
around the path of movement of the annular array.” (Col. 5, lines 25-27) The control unit
20 shown in Figure 1 could index the rotor 12 to place a chamber block assembly 14
underneath an individual treating agent dispenser 26 of Figure 1, which has previously
been filled with a treating agent from a separate treating agent container. As described in
Hoskins et al. (US Patent. 3,883,305 Ref. 53), the aliquot and diluent transfer mechanism,

as well as the treating agent dispensers, can be of the type and operate as disclosed with
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reference to FIGS. 13c and 16 of US Patent 3,883,305, which is incorporated herein by
reference. An alternative design for liquid transfer has been described by Kelln et al. (US
Patent 5,334,349, Ref. 54), which is incorporated herein by reference. Such transfer dis-
pensers would swing arcuately between the source of the sample or treating agent and a
chamber block assembly 14. Both, when receiving and dispensing fluid, the probe of the
dispensers can move down into the treating agent containers (not shown), a material sus-
pension (not shown), a treating agent ring 62 or treating agent trough 58 (Figure 5), but
would be elevated to be able to swing free thereof in an arcuate path. In an alternative
embodiment, each individual treating agent dispenser 26 could included a prefilled indi-

vidual container, which if necessary could be kept at constant temperature.

The individual dispensers 26 are located around the rotor 12 above a stopping position
for a chamber block assembly 14. Since the rotor 12 can index any chamber block assem-
bly 14 to any dispenser location, random access is provided for: special solvents, special
stains, monoclonal antibodies, nucleic acid probes, liquid coversliping material and other
treating agents. Figure 5D shows the rotor at rest. An individual dispenser tip 74 has been
Jowered into a treating agent trough 58 and the liquid treating agent 72, after being
pumped through the individual dispenser tip 74, is located at the bottom of that treating
agent trough 58. The pool of the treating agent fluid 72 produced by this random access
process in the treating agent trough 58 is approximately the same volume and at the same
location as that delivered by the batch dispenser 24 for batch treating agents. If the same
treating agent were delivered by one or more individual dispensers 26, the system could

function in batch mode.

Figures 6 A-D show the movement of the treating agent fluid 72 in the chamber block
assembly 14. After the treating agent is in the treating agent trough 58 of Figure 5 and the
rotor 12 is accelerated to produce a centrifugal field sufficient to transfer the treating agent
72 from the treating agent trough 58 through the treating agent inlet 36 and then, as shown
in Figure 6A, into an upper channel 78 in the cavity 28. As is shown in Figure 6B, under

the influence of the centrifugal field, a thin layer 80 of the treating agent 72 is formed on
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the material receiving side 38 of the receiving surface member 32. Figure 6C is an
enlargement of a portion of Figure 6B, showing the layering 80 of the treating agent 72 on
the material receiving side 38 of the receiving surface member 32. After the treating agent
has had sufficient time to interact with the monolayers of material, such as 30, 30+shown
in Figure 4C, which are present on the receiving side 38 of the receiving surface member
32. rotor 12 is decelerated and brought to rest. As shown in Figure 6D, this results in the
treating agent fluid 72 flowing to the bottom of the chamber block 15 and exiting through
a bottom channel 82 and then through the output port 50.

Liquid coverslips are an example of a treating agent which does not need to exit the
chamber block assembly 14. Instead, they harden into a thin refractive index matching
coating under the influence of a centrifugal force. This hardening can be accelerated by
the application of vacuum and/or heat. Three examples of liquid coverslips that could be
used with the present invention are a commercially available mounting medium, such as
Clearium® Surgipath Medical Industries Inc., Richmond IL, an aqueous polyvinyl-pyr-
rolidone solution (Ref. 46) and a transparent plastic with a high refractive dissolved in an

organic solvent, such as Zeonor® 1020R, Zeon Chemicals L.P., Louiseville, KY.

Figure 7 shows part of a sector 84 of a rotor 12 with an included chamber block assem-
~ bly 14. The assembly 14 receives the treating agent fluid 72 from a treating agent trough
58 that is integral with the rotor 12. The treating agent fluid 72 is delivered by the tip 70
of the batch dispenser 24 into the treating agent ring 62 of Figure 5C. This delivery can be
accomplished quickly by simultaneously rotating the rotor 12 to produce approximately
one times gravity or less and pumping the treating agent through the batch dispenser tip 70
of Figure 5C. When the treating agent pumping rate and the velocity of the rotor are
appropriately adjusted, the treating agent fluid will be continuously and evenly delivered
to the treating agent ring 62. The treating agent fluid in the treating agent ring 62 then is
directed by the combination of gravity and centrifugal field into each treating agent trough
58. The pool of the treating agent fluid 72 produced by this batch process in the treating

agent trough 58 is approximately the same volume and at the same location as that deliv-
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ered by the individual dispenser 26 of Figure 1, for random access treating agents. If nec-
essary, the precision of this delivery of the same treating agent to more than one chamber
block assembly 14 can be improved by employing the technology described in US Patent
4,431,606 (Ref. 49).

The use by many cytochemical and histochemical procedures and staining protocols of
mixtures of varying ratios of solvents, such as ethanol and water or ethanol and xylene,
has required that each of these mixtures be stored in its own container. This creation and
storage of these mixtures is expensive in terms of both time and space. These mixtures can
be formed by mixing the output of two or more pumps as the solvents are delivered. The
delivery rates of each pump can proportional to the final concentration of its solvent in the
final solution. For instance, two small motor driven gear pumps operated at equal rates
will provide a 50 percent solution. If the ethanol pump is on and the water pump is off,
pure ethanol will eventually result. The ethanol and xylene pumps can then deliver solvent
at the same rate and produce a 50 percent mixture, which can be followed by pure xylene.
If necessary, the output of the pumps can be mixed by a helix, which is well known in the

art.

Figure 8 shows an alternative chamber block assembly 14«design, with the treating
agent trough 58«being an integral part of the chamber block 15. Figures 8A and 8B are
respectively side and top views. The sample inlet 34 is located at the top and at approxi-
mately the center of the chamber block 15. The treating agent trough 58=is located at the
upfield side, at the top of the chamber block. As previously described, while the rotor is at
rest, a treating agent is dispensed into the treating agent trough; then, while the rotor is
rotating, the treating agent is first transferred by the centrifugal field into the treating agent
inlet 36 and subsequently to the receiving side 38 of the receiving surface member 32; and
finally, while the rotor is decelerating or finally at rest, the treating agent exits through
channel 82 and then through the output port 50. The sample inlet 34 is not part of this pro-

cess, but has been included for purposes of orientation.
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An alternative embodiment of the system 10 is possible. Each of the treating agent dis-
pensers 26 could be located in a fixed horizontal position and be movable in the vertical
direction. The treating agent dispenser remains sufficiently above the rotor to provide
clearance, except during a filling cycle, when the appropriate chamber block assembly 14
is indexed to be in its position. The treating agent dispenser then would be lowered from
its rest position and deliver a measured amount of treating agent to the treating agent
trough 58. As stated above, a treating agent dispenser 26 could include its own prefilled

individual container.

Two or more pipeters also could be employed to dispense individual treating agents in
batch mode. In that case, there is up to one syringe and/or pipettor for each chamber block
assembly. These pipeters can be driven by a common actuator. Peristaltic pumps also can

be employed to dispense the individual solutions.

Standard robotic equipment and procedures can be employed to insert and remove the
array of chamber block assemblies 14 and/or one or more of the of the chamber block
assemblies 14 into and from the rotor 12; as can manual handling. Subsequently, the
receiving surface member 32 can be separated from the chamber block assembly so that

the monolayer then can be analyzed and/or the member 32 be stored.

The processing of the Centrifugal Cytology System can be accelerated by the treatment
of the treating agents overlaying the materials with microwave energy Ref. 55; or the com-

bination of microwave energy and pressure Ref. 56.

The hereinabove provided specification, along with the figures, are believed to be more
than sufficient to enable one skilled in the art to practice the invention, including modifi-
cations, adaptions and enhancements, without departing from the spirit and scope of the

hereinafter presented claims and any subsequent amendments thereto.
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What is claimed is:

1. A method for the automated preparation of at least one treated monolayer of sample

material on a receiving surface member, comprising the steps of:

Fixing the orientation of said receiving surface member;

sedimenting, by centrifugation, the sample material onto said receiving surface member

as a monolayer; and then

centrifuging at least one treating agent downfield and directly onto the monolayer of

sample material;

said steps of sedimenting and centrifuging being accomplished by the same centrifuge

device, without removal of said receiving surface member.

2. A method according to Claim 1, including the sequential steps of:

feeding the sample material vertically into one inlet of the centrifuge device; and

supplying the treating agent horizontally into another inlet of the centrifuge device.

3. A method according to Claim 1 including the sequential steps of:

feeding the sample material into said centrifuge device prior to that device attaining

sedimenting rotational speed;

opening a centrifugally responsive drain valve as the monolayer is being formed; and
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centrifugally draining treating agent from said centrifuge device after said monolayer is

formed and treated.

4. A method according to Claim 2 including the steps of:

establishing a plurality of discrete, similar and removable chamber blocks within a rotor

portion of said centrifuge device; and

defining said one and said another inlets to be proximate to each other in said chamber

block.

5. A method according to Claim 4, including the step of:

supporting said receiving surface member on said chamber block, down field of both said

one and said another inlets, for direct centrifugal receipt of both said sample material and treating

agent.

6. A method according to Claim 1, including the step of:
controlling the concentration of said sedimenting, which forms said monolayer;

whereby, at least two different monolayers are formed from the same sample material

simultaneously on said receiving surface member.
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7. A method according to Claim 6, in which said step of controlling is accomplished by:

establishing more than one sedimenting path length for the sample material to follow in

reaching said receiving surface member.

8. A method according to Claim 1, in which said step of centrifuging comprises:

employing at least two sequential steps, each with a different treating agent.

9. A method according to Claim 1, including the steps of:
supplying by centrifugal force to said receiving surface member a mounting medium;
flattening said mounting medium onto said receiving surface member; and

curing said mounting medium upon said receiving surface member.

10. A method according to Claim 5, in which said step of supporting includes:

sealing temporarily said receiving surface member onto said chamber block and, after

said steps of sedimenting and centrifuging, removing said receiving surface member.

11. A chamber block for use in a centrifugally operating system for preparing treated

monolayers of sample material, said chamber block comprising:
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a centrifugal up field side;
a centrifugal down field side;

a top and a bottom;

said top, proximate said up field side, provided with a vertically facing sample material

input and a horizontally facing treating agent input;

said down field side adapted to receive in fluid sealing engagement a removable

receiving surface member;

an output drain port positioned proximate said bottom and down field of said up field
side; and

a centrifugally operated valve for opening said drain port.

12. A chamber block according to Claim 11, in which:

said valve is constructed and arranged to open during a time when sample material is

being sedimented by centrifugation, as a monolayer, upon said receiving surface member.

13. A chamber block according to Claim 12, in which:

said valve is a plug inserted into said drain port.
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14. A chamber block according to Claim 11, further including:

a volume reducing element positioned within said block and defining at least two paths of

different lengths between said sample material input and said receiving surface member.

15. A chamber block according to Claim 11, including:

a treating agent holding trough, positioned up field of said treating agent input and in

treating agent centrifugal flow connection therewith.

16. A plurality of chamber blocks according to Claim 11,

adapted by be removably arrayed circumferentially around the exterior of a rotor of a

centrifugally operable system;
said chamber blocks being mechanically and fluidically isolated from one another;

whereby sample material fed into said sample material input of one of said chamber
blocks will not be cross-contaminated with sample material in a different chamber block; and
treating agent fed into said treating agent input will not be cross-contaminated with treating agent

in a different chamber block.

17. A plurality of chamber blocks according to Claim 11,

adapted to be removably arrayed circumferentially around the exterior of a rotor of a
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centrifugally operated system;

said rotor having a plurality of radially positioned treating agent troughs, isolated from
each other and each radially alignable up field of one of said treating agent inputs, for centrifugal

transfer of treating agent into a respective one of said chamber blocks.

18. A plurality of circumferentially arrayed chamber blocks and a rotor, according to

Claim 17, in which:
indexing means is further part of said to:

align a specific one of said chamber blocks and its specific one of said treating agent

troughs with a treating agent dispenser, prior to the centrifugal transfer of treating agent.
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