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(57) Abstract: An integrated sample analyzer. In
one embodiment, the analyzer includes a sample
preparation section; a cytometer section; and a con-
troller. In another embodiment, the sample prepara-
tion section prepares the sample to form a prepared
sample in response to a stored custom protocol
provided by a user (a user-defined protocol). In still
another embodiment, the sample preparation sec-
tion provides the prepared sample to the cytometer
section to measure sample parameters. In yet anoth-
er embodiment, the sample preparation section and
the cytometer section operate in response to in-
structions from the controller. In still yet another
embodiment, the cytometer section provides the
measured sample parameters to the controller for
analysis and display.
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SYSTEM AND METHOD FOR DEFINING AND UTILIZING FLOW CYTOMETRY
PROTOCOLS

RELATED APPLICATIONS

[0001] This application claims priority to US Provisional Patent Application 62/168,133 ,filed

May 29, 2015, the contents of which are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention relates generally to the field of cytometry and more specifically to

automated cell cytometers.

BACKGROUND OF THE INVENTION

[0003] Flow cytometry laboratories generally separate the activities of cell preparation and
flow cytometry analysis, each activity using its own instrumentation. The cell preparation
may be automated or semi-automated with the steps of aspirating a portion of the sample,
for example blood, into a testing container, such as a well of a microtiter plate, to an
appropriate dilution, staining or labeling the cells, for example white cells, with the desired
cell stain or label, lysing the cells, for example red cells, that are not to be measured, and
performing any other intermediate steps required, such as heating, incubating, agitating etc.

[0004] The prepared samples are then moved from the preparation instrument to the flow
cytometer which makes the measurements on the sample and produces the results in
graphical or statistical form. The flow cytometer draws the sample into a flow cell or
measuring chamber and the sample is exposed to light that is scattered by the cells in the
sample according to their staining and physical parameters. The flow cytometer measures
the scattered light by intensity, wavelength and scattering angle and analyses the results,
providing the numerical parameters of the cells and graphical representations of the cell
distributions.

[0005] Laboratories typically use preparation and measuring protocols provided by the
manufacturers of the instruments they use in preparing and making measurements on their
samples. This process is fine for the usual parameters that are measured in most medical
and industrial laboratories. However, if the user wishes to prepare or measure a sample
using a protocol not contemplated by the manufacturers, the user must prepare and
measure the sample manually. This is time consuming and can be error-prone if the user

needs to examine many different samples using the new user defined protocol. This is
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especially true for users who are researchers desiring to develop new ways of measuring
samples. What is needed is a way for the user to designate a new protocol in terms of the
preparation, measurement, and analysis steps.

[0006] Further, integrated analyzers may combine processes of sample preparation, sample
measurement, and sample analysis. Protocols for integrated analyzers may also include
instructions for each of these processes. An individual protocol may thus have a large
number of instructions, each optimized for the individual requirements of the intended use.
A specialized application is unlikely to operate optimally if constrained to use the same
protocol instructions designed as part of another, manufacturer or factory -defined protocol.
There is thus a need for an integrated analyzer to support entry of user-defined protocol
instructions that may be optimized for an individual user’s application.

[0007] When designing a protocol, it is possible to set up a process that is beyond the
practical capabilities of an integrated analyzer. For example, a user may seek to add more
liquid than a container is capable of holding, to lower a probe so that it pierces through the
bottom of a container, or to over-agitate a container so that it sloshes or flings some of its
contents as infectious aerosols. In extreme cases, a set of instructions could damage the
instrument or injure the user. Factory-defined protocols avoid this by combining a thorough
knowledge of system limitations with verification and validation testing of any factory-defined
protocols. A user in entering his or her own protocols may lack intimate knowledge of
system limitations and may not have time or patience for extensive protocol testing. There is

thus a need for automatic verification of user-entered instructions to avoid these outcomes.
[0008] The present invention addresses these needs.

SUMMARY OF THE INVENTION

[0009] In one aspect, the invention relates to an integrated sample analyzer. In one
embodiment, the analyzer includes a sample preparation section; a cytometer section; and a
controller. In another embodiment, the sample preparation section prepares the sample to
form a prepared sample in response to a stored custom protocol provided by a user (a
user-defined protocol). In still another embodiment, the sample preparation section
provides the prepared sample to the cytometer section to measure sample parameters. In
yet another embodiment, the sample preparation section and the cytometer section operate
in response to instructions from the controller. In still yet another embodiment, the cytometer
section provides the measured sample parameters to the controller for analysis and display.

[0010] In one embodiment, the controller includes a scheduler for scheduling sample
2
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preparation and prepared sample measurement for multiple samples concurrently. In
another embodiment, the scheduler interleaves sample preparation steps and prepared
sample measurement steps for more than one sample.

[0011] In another aspect, the invention relates to an integrated sample analyzer including a
sample preparation section; a cytometer section; and a controller; the controller including a
scheduler. In one embodiment, the sample preparation section prepares the sample to
form a prepared sample in response to a stored custom protocol provided by a user. In
another embodiment, the sample preparation section provides the prepared sample to the
cytometer section to measure sample parameters. In yet another embodiment, the sample
preparation section and the cytometer section operate in response to instructions from the
controller. In still yet another embodiment, the cytometer section provides the measured
sample parameters to the controller for analysis and display. In another embodiment, the
scheduler schedules sample preparation and prepared sample measurement for multiple
samples concurrently by interleaving sample preparation steps and prepared sample

measurement steps for more than one sample.

[0012] In another aspect, the invention includes a method of processing cells from a sample.
The method includes steps of loading the sample into an integrated analyzer that includes a
preparation section to prepare the cells, a cytometer section to measure signals from the
prepared cells, and a controller to analyze the measured signals of the cytometer section.
The method includes steps of receiving a protocol from a user. This protocol includes a
preparation instruction and an analysis instruction. The method includes preparing the cells
according to the preparation instruction, measuring signals from the prepared cells in the
cytometer section, and analyzing the measured signals according to the analysis instruction.
The sample may be one of a blood sample, a white blood cell sample, a peripheral blood
mononuclear cell sample, and a bone marrow sample.

[0013] The preparation instruction may include a labeling treatment as defined by the user.
The cytometer section includes a plurality of detection channels, and the protocol includes a
measurement instruction specifying signal measurement from one or more of the detection
channels as defined by the user.

[0014] The method may also include comparing a parameter of the preparation instruction
against a limiting value and verifying the preparation instruction if the parameter is less than

the limiting value.
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[0015] In yet another aspect, the invention includes an integrated analyzer to characterize
cells. The integrated analyzer includes a preparation section to prepare cells from a sample,
a cytometer section to receive the prepared cells from the preparation section and to
measure signals from the prepared cells, and a controller. The controller coordinates
actions of the preparation section and the cytometer section. The controller also analyzes
the measured signals from the cytometer section and directs the preparation section to
prepare the sample according to a preparation instruction defined by a user. The preparation
instruction may include a labeling treatment such as contacting the cells with a labelled
antibody. The analysis instruction may include a gating scheme as defined by the user. The
cytometer system may include a preset instruction where at least one of the preparation
instruction, the measurement instruction, and the analysis instruction includes the preset
instruction as respective draft instructions for user editing.

[0016] In another embodiment, the invention includes an integrated analyzer to characterize
cells. The integrated analyzer has a preparation section, a cytometer section in fluid
communication with the preparation section, and a controller. The cytometer section includes
a plurality of detection channels. The controller is configured to accept a test protocol from a
user. The test protocol includes instructions specifying combination of the cells with a
labeling reagent, selection of one of the plurality of detection channels, and a gating scheme.
The controller directs the preparation section to contact the cells with the labeling reagent
and directs the cytometer section to measure the prepared cells using the selected detection
channel. The controller analyzes the measured values from the cells using the gating
scheme.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The structure and function of the invention can be best understood from the
description herein in conjunction with the accompanying figures. The figures are not
necessarily to scale, emphasis instead generally being placed upon illustrative principles.
The figures are to be considered illustrative in all aspects and are not intended to limit the
invention, the scope of which is defined only by the claims.

[0018] Fig. 1 is a highly schematic block diagram of an embodiment of the hardware of a

flow cytometry system constructed in accordance with the invention;
[0019] Fig. 2 is a block diagram of the functions of the embodiment of Fig. 1;

[0020] Fig. 3 is a high level flow chart of an embodiment of the steps of preparing,
4
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measuring and analyzing a sample in accordance with the invention;

[0021] Fig. 4 is an embodiment of a display screen provided to permit a user to define a

customized test;

[0022] Fig. 5 is an embodiment of a table correlating reagent names with reagent ID

numbers;

[0023] Fig. 6 is a graphic depicting an embodiment of a custom reagent and its

corresponding barcode;

[0024] Fig. 7 is an embodiment of a display screen provided to permit a user to define a

customized protocaol,
[0025] Fig. 8 is an example of a histogram of the results of a cytometry measurement;

[0026] Fig. 9 is a density plot of scattering angle versus number with a region selected for

analysis;

[0027] Fig. 10 is an embodiment of a display screen provided to permit a user to define

customized sample preparation;

[0028] Fig. 11 is a flow chart of an embodiment of the work flow by a user to create and use

a custom test in the system;
[0029] Fig. 12 is an embodiment of a report generated by the system of the invention; and
[0030] Fig. 13 is an embodiment of the operation of the scheduler of the system.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0031] Detailed embodiments of the invention are disclosed herein, however, it is to be
understood that the disclosed embodiments are merely exemplary of the invention, which
may be embodied in various forms. Therefore, specific functional details disclosed herein
are not to be interpreted as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to variously employ the invention in

virtually any appropriately detailed embodiment.

[0032] In brief overview and referring to Fig. 1, a flow cytometer preparation and analysis
instrumentation system, also referred to as the instrument, constructed in accordance with
the invention can be generally described as three subsystems or sections in one or more
housings. When provided in a single housing, the instrumentation system occupies less lab

space, is more automated and requires less human intervention than when it is constructed

5



WO 2016/196220 PCT/US2016/034435

as separate independent devices. For the purposes of this application, the instrumentation
system is described as the unitary or integrated system in which the subsystems or sections
are located in one housing, but this is done without any loss of generality and without
limitation to systems constructed using individual devices.

[0033] The three subsystems of the instrument 10 are the instrument control and analysis
subsystem or controller 22, sample preparation section 24, and cytometer section 26. The
described subsystems or sections should be understood as functional divisions that may
share components or resources rather than strictly distinct devices. For example, a
pipetting probe may serve to transfer and mix reagents in the preparation subsystem 24 and
may also serve to inject prepared cells into the flow cell of the cytometer section 26. Each
section or subsystem is now considered individually.

[0034] The instrument controller section 22 includes a processor 30, working memory 34, a
database 38, a user interface 42 and subsystem interfaces 46, 50. The processor 30 in
various embodiments is a microprocessor or specialized controller. In one embodiment, the
processor is an AMD Athlon dual core processor (AMD, Sunnyvale, CA). The operating
system may be one of the currently available operating systems or a specially developed
operating system. In one embodiment, the operating system is a 64 bit version of Windows
7 (Microsoft Corporation, Redmond, WA). The memory 34 is divided into program memory,
containing the instructions and parameters to operate the system, and data memory to
collect data from the sample. In one embodiment, the memory is in the form of 64GB of
RAM. The database 38 holds sample data (sample database), protocols for preparing,
measuring, and analyzing a sample and other instructions required to operate the instrument
and access the data (control database). In one embodiment, data is accessed from the
database 38 using a Microsoft SQL Server 2008 (Microsoft Corporation, Redmond, WA). In
one embodiment, the user interface 42 provides input to and receives output from the
processor through a mouse, keyboard, and monitor through USB connections 70.

[0035] The instrument 10, in many embodiments, includes multiple subsystem or section
processors 54, 58 in communication with a main controller processor 30. The subsystem or
section processors 54, 58 control the aspects of the subsystem or section of which they are
a part, under instruction of the main processor 30. For example, the main processor 30 may
provide a preparation protocol to the preparation section processor 54 that requires that a
volume of sample 58 be aspirated and diluted in a volume of diluent 62. The sample
preparation section processor 54 would then control the fluidics to aspirate a defined volume

of diluent 62 into a testing container 66, in one embodiment a microtiter array of wells,
6
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aspirate a defined volume of the sample 58 into the testing container 66, and agitate the
diluted sample for uniformity. In this manner, the main processor 30 can proceed with other
tasks while the subsystem processors are performing the required activities. In one
embodiment, the main processor 30 provides the instructions to the section processors
through the interfaces 46, 46’ 50, 50°. If the instrument is constructed with only the single
processor and not subsystem or section processors, the subsystem interface 46, 50 permits
the processor to communicate with the pipetting probes, pumps, valves and other
components of the preparation and measurement subsystems to control the components
directly. For ease of explanation, this description will treat the instrument as having multiple
or single controllers depending on the context, but it is to be remembered that this is done

with no loss of generality or limitation of single or multiple controller systems.

[0036] In use, a user of the instrumentation system 10 enters, through a user interface 42, a
request to instrumentation system 10 to perform a test on a sample 58. The request
includes a sample identifier typically in the form of a barcode which indicates to which
sample 58 a request refers, the protocol to be used, and in what form the results are to be
presented, as discussed further below. In some embodiments, the protocol includes a
description of the form of data analysis and results presentation. The barcode can be a
standard barcode, a 2-D barcode, and RFID chip or any other identifier readable by the
system. In some embodiments, the sample may be identified by the position of a sample in a
cassette in queue or in a container, such as in a defined well of a multiwall plate. For the
purposes of this explanation, such identification will be generally referred to as a barcode,

without limitation or loss of generality.

[0037] Typically, the barcode encodes an identification number which can be read by the
instrument 10 and laboratory records management system to point to an extensive record
relating to the source of the sample. For example, if the sample is from a patient, the
barcode would provide a pointer to the patient’s medical record which in turn would contain
the patient’s personal information, the name of the doctor requesting the test, and other

personal information.

[0038] In addition, the barcode may provide a link between a sample and the testing
protocol to be used by the preparation subsystem 24 to prepare the cells, by the cytometer
section 26 to measure the cells, and by the instrument controller 22 to analyze and present
the data. The testing protocol may be an instrument supplied (or factory-defined) protocol,
for example, that defines what stain 70 is to be used to label the biological cells; the volume

of stain 70; the amount of time the stain is to be in contact with the cells; what lysing agent is
7
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to be used to remove the cells not being measured; the volume of lysing agent; the time
required to lyse the cells; at what temperature the lysing is to occur; any additional
incubation period; and other parameters. If the testing protocol is a custom a user-defined
protocol developed by the user and not supplied with the system, the user can enter the
protocol steps and parameters for the purpose of testing the sample and if the protocol is
successful, save the protocol as an additional protocol into the protocol database as

described below.

[0039] The individual steps in a protocol are sometimes referred to herein as instructions,
with instructions for different portions of the protocol referred to by the relevant portion of the
process. For example, instructions relating to sample preparation, which are processed by
preparation section 24, are preparation instructions; instructions relating to sample
measurement, which are processed by cytometer section 24, are measurement instructions;
instructions relating to sample analysis or display, which are processed by controller 22, are
analysis instructions. Each of these instructions may include one or more parameters.
Parameters are values or arguments required to execute an instruction. For example, a
preparation instruction to label cells may include parameters identifying the stain or labelled
antibodies to be used and define the volume of stain or labelled antibodies to be transferred

and contacted with the cells.

[0040] The barcode may also be the link between the specific sample and measurement
instructions of a protocol used by the measurement subsystem 26 for that sample. The
measurement instructions define the settable measurement parameters, such as flow rate,
triggering, measurement channels, gains, angular measurements, compensation, stop
criteria etc. that are to be used by the sample measurement subsystem 26.

[0041] The sample identifier or barcode, in addition to providing links to the testing and
measurement protocols, also provides a link to what data analyses are to be performed by
the controller 22 on the sample measurement results. The analysis and display functions
include what variables are to be plotted; in what form (histograms, scatter plots, 2D, 3-D,
radar, among others); what graphing parameters that are to be used (axes selection, scale,
color, region selection, etc.); and any statistical calculations to be included.

[0042] The analysis instructions may also define the gating scheme to be used to analyze
the data. A gating scheme is the sequence of analytical comparisons to identify and
characterize cells of interest using the measured values of the cells. The comparisons
include comparing measured values from one or more measurement channels with gating

8
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parameters or limits. This may be a multi-level comparison with cells identified from a first
comparison further selected in a second or subsequent comparison. For example, a
cytometer may measure each cell using a plurality of detectors 112. The detectors 112 may
collect light at various angles, including a forward scatter angle and a side scatter angle, and
at several different wavelengths, each corresponding to the color of fluorescent light emitted
by labels attached to antibodies or other stains. A gating scheme may include, for example,
a first comparison of the intensity of side-scattered light to a side scatter threshold and a
second comparison of the intensity of forward-scattered light between upper and lower limits.
The system may than further select among cells that “pass” both of these comparisons by
comparing the intensity of light emitted at a first fluorescent wavelength (FL1) to a second
threshold. Cells having at least this level of FL1 light may then be compared to a region
defined on a two-dimensional plot of two other fluorescent wavelengths (FL2 and FL3). Cells
falling within this region may be enumerated or characterized by their fluorescence at yet
another fluorescent wavelength (FL4). An individual gating scheme may identify and
characterize more than type of cell to more completely characterize the full sample. As may
be apparent from the above example, gating schemes may be complex; repeated user entry
of gating schemes may be error prone because of this complexity. The one-time entry of a
gating scheme through entry of a user-defined protocol including analysis instructions thus

reduces the likelihood of errors.

[0043] When a sample, such as whole blood, white blood cells, peripheral blood
mononuclear cells, bone marrow cells, is obtained from a source such as, but not
necessarily, a patient, the sample may be presented to the system as a single barcode
labeled tube or as a barcode labeled tube in a cassette with other barcode labeled samples.
In either case, the barcode of the next tube to be processed is read by a barcode reader 38,
and the result is transmitted to the section processor 54 of the preparation section 24 for
transmission to the controller processor 30.

[0044] The controller 22, upon receiving the identification of the sample, examines the
current series of requests for tests which have been entered by the user and stored in
memory 34, and determines that there is a sample 58 corresponding to the request in the
system, that the required reagents 62, 70 (as may also be identified by barcode), such as
stain, lysing agent, and so on, are also present in the system, and if everything that is

required is present, the controller 22 schedules the testing as discussed below.

[0045] Ifthe scheduling is successful, the scheduled actions, as defined by the preparation

instructions and measurement instructions and as sequenced by the scheduler, are then
9
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presented to the sample preparation section 24 and to the cytometer section 26, which then
have all the information they need to prepare and test the sample. If anything that is
required is missing or scheduling can not be completed for some other reason as discussed
below, the controller places the sample number on the “incomplete” list which is accessible
by the scheduler for subsequent rescheduling attempts. Any number of errors, such as
missing reagents, missing samples and mechanical system errors can result in a
configuration problem such that the request cannot be honored. An error message is also

presented to the user through the user interface 42.

[0046] In more detail, and referring also to Fig. 2, the functions of the sample preparation
section 24 and the cytometer section 26 can be further divided into sample handling
components and reagent handling components. The sample handling component and the
reagent handling component may include, for example, a turntable that supports multiple
containers and presents them for fluid transfer. In the sample preparation section 24, the
sample handling component determines what sample is being prepared 90, 90’ as
determined by the barcode and aspirates 94 the sample into the testing container 66 for
dilution by adding a diluent 62. The reagent handling component 98 determines which
reagent, again as determined by barcode, is to be applied to the sample and adds the
prescribed amount of diluent reagent and subsequently, any labeling or staining reagents.
The staining or labeling reagent and diluted sample then remain in contact for the prescribed
amount of time. The reagent handling component 98 then determines which lysing agent is
to be added, what amount, and for what amount of time, and instructs the fluidics 94 to add
that amount of lysing agent to the testing container. Once the sample is prepared, it is then

presented to the cytometer section 26.

[0047] Referring again to Fig. 1, the cytometer section 26 then aspirates 100 the sample
from the testing container 66 and pumps 102 the sample through the measuring chamber
104. The cytometer section 26 probes the sample using one or more lasers 108 and
measures the intensity of light scattered over various angles, as measured from the direction
of the incident light of the laser, using a plurality of detectors 112. The cytometer section26
also collects and measures the intensity of fluorescent light excited by one or more lasers
108. Fluorescent light may be produced by stains or labels attached to reagents (such as
antibodies) exposed to the cells during the preparation steps. The collected intensity data
120 (Fig. 2) is then transmitted to the control and analysis subsystem 22 for storage in the
sample database 38. The processor 30 of the controller 22 then analyses the data 124
(Fig. 2) according the protocol specified in the request and displays the results to the user,
10
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as specified in the request or according to analysis instructions of the protocol.

[0048] Such a process is generally is shown in Fig. 3. A sample 58, either from a single
tube or a cassette, is placed (Step 10) in the instrument system 10. A portion of the sample
is aspirated and placed in the testing container, for example a microtiter well (Step 14). The
sample is then labeled or stained (Step 16), and the sample and reagents allowed to
incubate (Step 20). Ifit is necessary to lyse some cells of the sample to remove extraneous
cells, a lysing agent is then added (Step 24). The testing container is then automatically
moved to the sample measuring subsystem (Step 26) and the sample is measured. The data
is then analyzed (Step 28) and the results are displayed (Step 32).

[0049] In some embodiments, the sample preparation process may also include steps of
fixation or permeabilization. Fixation includes treatment with cross-linking reagents such as
glutaraldehyde, formaldehyde, paraformaldehyde and similar materials. These fixation
reagents serve to cross link proteins of the cells, physically binding them together so that the
cells remain intact even with treatment by lysing or permeabilization reagents. Fixation may
also serve to disable or degrade some enzymes that may further alter components of the
cells or to ensure that measurements reflect the cells’ condition at a fixed time in an
experiment. Permeabilization reagents serve to allow access to the interior of cells by
relatively large molecules such as labeled antibodies. This permits labeling of internal
structures, such as signaling proteins or secondary messengers that form part of signaling
cascades in some cells. Permeabilization reagents may also serve to expose antibody

binding sites that are normally not accessible.

[0050] A key aspect of the invention is that not only can a user request tests using protocols
supplied with the instrument, but a user can also define his or her protocols and the
instrument will schedule and perform the tests based on the protocol specified. The ability to
define protocols to be used by the instrument is made easier by a software test creation tool
incorporated into the instrument. This software permits a user to create and modify
protocols and store them in the control database portion 130 of the system database 38. In
one embodiment, the control database 130 comprises two separate databases. One
database is the standard control database that is supplied with the instrument and which
contains the prepackaged tested protocols for performing various tests. The second
database is a test creation database and is used to hold the protocols developed by the
user. The separate databases make it easier to keep the supplied protocols from being
damaged by the user in attempting to develop a new protocol. It should be noted that there

are other methods of protecting the provided protocols while having a single control
11
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database 130, including but not limited to providing a label or flag in the protocol data

indicating that the protocol is in development.

[0051] In one embodiment, the test creation tool screen prompts the user for information
regarding the new test information as a hierarchy of questions. Referring to Fig. 4, the user
screen for defining a new test requests a list of containers or wells 140 that will hold the
samples to be measured using the new protocol. The user indicates for each run 144, a
protocol name 148, the preparation settings 152, and a list of reagent names that will be
used by the protocol 156. The screen also requests that the user define Results 160 and
how the results of the analysis are to be displayed 164 (for example, a histogram and
statistics). Examples of requested results include numbers of cells within selected regions or
gates and number or staining intensities of a certain type of cells present, as determined by
a combination of signal intensities values indicating the presence or amount of labeled
reagents in or on cells. Together these result definitions define a gating scheme and the way
the system will display the collected data.

[0052] The reagent ID number is then entered into a table of reagents created for each
reagent 156 entered into the test screen. The system uses the Reagent ID to determine
various information 170 (Fig. 6) about the reagent, such as its lot number, expiration date,
etc. and to generate a bar code 174 for the custom reagent bottle.

[0053] The next screen is the input screen for the user defined protocol name 148 (Figs. 4
and 7) and in one embodiment includes five windows for input data. In the first window 180,
the user defines his or her display choices such as, but not limited to, histograms (Fig. 8),
dot plots (Fig. 9), etc. Inthe second window 184, the user defines sample measurement
parameters such as sample size and flow rate through the measurement column. In window
three, the user further defines sample handling such as agitation, agitation time etc. In
window four 192, the user determines when measurement is to be completed based on
criteria including, but not limited to, the amount of fluid passing through the measurement
column, the number of events measured, and time. In the fifth window, the user provides
gating information, which may include thresholds, ranges, and a list of regions of interest
within a plot of data to be analyzed. For example, the system allows the user to place a
polygon or other closed boundary about the points of interest within a plot. In Fig. 9, the
area in which lymphoid cells are found is shown surrounded by a polygon indicating the
region for further analysis.

[0054] The next screen is the input screen for the user defined sample preparation 156

12
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(Figs. 4 and 10), and in one embodiment includes three windows for input data. The first
window 200 is used to determine the volume of sample to be placed in a testing container or
well. The second window 204 is used to enter the list of reagents in order of use, the
amounts to be added to the sample, how the sample and reagent are to be mixed, and the
incubation period between steps, among many other cell treatments. The third window 208
is used to enter lysing information such as the lysing agent to be used, the volume, and

amount of incubation time required.

[0055] Fig. 11 is a flow chart of the work flow performed by a user to create and use a
custom test using the test creation function of the system. In the first step (STEP 50), the
user uses the test definition screen (Fig. 4) to create the test and enter the Reagent
information into the system. In the second step (STEP 54), the user enters the custom
protocol information using the protocol screen (Fig. 7). In the next step (STEP 58), the user
enters for each well or run the protocol to be used (Fig. 4) in that specific run or well. In
(STEP 62), the user enters the sample preparation information in the sample preparation
screen (Fig. 10), and in (STEP 66) enters the display information in the protocol screen (Fig.
7). Once this step is complete, the user, in one embodiment, saves the test information into
the test database (STEP 70). With the data in the test database, the user begins the
standard system functions, but using the test definition from the test database, and loads the
system with the custom reagents with the custom barcodes (STEP 74). The newly created
test and the custom reagents now appear in the system test menu and can be selected by
the user. Now the user can begin to test samples with the customized protocol. An
embodiment of a test results is shown in Fig. 12.

[0056] In some embodiments, the invention includes entry of a user-defined protocol based
on another protocol stored in the system. The user selects a protocol as a base, and the
system displays a duplicate of the selected protocol for user edit of instructions. In some
embodiments, the system may limit the instructions that a user may edit. For example, a
protocol may permit editing of measurement instructions and of analysis instructions but not
of preparation instructions. This has the benefit of adding flexibility of operation but limiting
risk of damage or injury. An example of changes of this type are measurement instructions
that direct collection of additional signals from detectors corresponding to fluorescent
wavelengths of user-selected stains or labeled reagents and analysis instructions that

specify analysis using the existing or additional signals.

[0057] In other embodiments, the system may permit user edit or entry of a wider variety of

instructions. Free editing might create protocols that are beyond the practical capabilities of
13
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an integrated analyzer. For example, a user may seek to add more liquid than a container is
capable of holding, or to pipette a smaller quantity than the system can reliably deliver.
Further, over-agitation of a testing container that may hold infectious cells could create
potentially infectious aerosols. In extreme cases, a set of instructions could damage the
instrument or injure the user. Factory-defined protocols avoid this by combining a thorough
knowledge of system limitations with verification and validation testing of any factory-defined
protocols. A user in entering his or her own protocols may lack intimate knowledge of system
limitations and may not have time or patience for extensive protocol testing. The invention
thus includes automatic verification of user-edited or entered instructions to avoid these

outcomes.

[0058] In general, verification of instructions includes setting of limits (such as single-ended
thresholds or double-ended ranges) and comparison of instruction parameters against the
limits. Some limits are simple and may be regarded as hard boundaries of the system. For
example, a pipetting probe has maximum and minimum transfer volumes; a container has a
maximal fill volume. These hard boundaries are determined by device design. Other limits
depend on steps of the protocol in conjunction with hard boundaries. For example, a protocol
may direct the preparation section to dispense to and aspirate from a single container
multiple times during the course of a protocol run. Each of the individual fluid transfers may
be within the hard boundaries of the pipetting probe and the container, but the sequence of
steps may still overfill the container. The unused volume remaining in a container may be
considered a soft boundary, as it varies during the course of the protocol. Both hard
boundaries and soft boundaries are referred to herein as limits.

[0059] To verify an instruction or set of instructions, the system compares each instruction to
then-current limits, including both hard boundaries and then-current soft boundaries, to
determine whether the instruction can be verified. The system analyzes the instructions and
their parameters (such as volume and direction of fluid transfer) and the resources used
(such as containers) to determine (for example) a cumulative volume present in a container.
If this cumulative volume at any point in the protocol exceeds the hard boundary of the
container volume, then the system can flag at least the instruction that would have exceeded
the limits. The system may also highlight each of the instructions that contribute to the
identified problem (including, in the case of container overfill, each of the fluid transfer steps
involving that container). The user interface may also display an appropriate error message
(such as CONTAINER OVERFILLED: MAXIMUM FILL VOLUME OF CONTAINER X IS Y
MICROLITERS; PROGRAMMED FILL VOLUME IS Z MICROLITERS, where X identifies the
14
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container and Y and Z identify problematic volumes). The user may then edit the protocol
instructions to stay within the limits. The above description uses container fill volumes as an
example of instruction verification involving both hard and soft boundaries. The skilled
practitioner will recognize that such verification is applicable to any of a variety of instruction

parameters and is not limited to maximal volumes.

[0060] Another one of the important aspects of the invention is the ability of the system to
perform or interleave multiple tasks during the same interval. This multitasking is performed
by a scheduler function in the control and analysis processor. The scheduler is able to look
at requests in the system and determine what functions can be performed simultaneously
over multiple runs without interfering with the timing of any one run. In this context, a run is
those time-constrained steps necessary to perform a single instance of a selected test
protocol (including at least preparation and measurement steps) on a single sample.
Analysis and display of results may be part of a protocol instance but not part of a run
because these steps are not constrained to a particular time; analysis and display need

merely occur after data collection.

[0061] Where tasks within a protocol use the same system resources (such as a pipetting
probes, pumps, or reagent handling component 98 of sample preparation section 24, or the
cytometer section 26) the scheduler “looks ahead” to assure that no required use of a
resource in one instance of a protocol coincides with a required use of the same resource in
either another instance of the same protocol or in an instance of another protocol. If a
resource conflict is present, the scheduler delays the start of one instance so that such
conflicts are avoided.

[0062] The scheduler looks at the global requirements of the samples and test requests.
Referring to Fig. 13, when a user attempts to enter another run, the system first determines if
arun can be added at the current time, Step 90. If the system determines that the system

is operating at capacity such that no further runs can be added, the user is notified and waits
for a few seconds (or looks ahead in the sequence of already scheduled operations), Step
94, and then checks availability again, Step 90.

[0063] Once system resources become available (or are not otherwise scheduled), Step 98,
the run is added to the list of runs. The system can then order the operations, determine the
resources required, etc., Step 102. The system then returns, Step 106, to await the next run.
This ability to schedule functions when possible adds to the flexibility and throughput of the
instrument.
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[0064] Unless specifically stated otherwise as apparent from the discussion, it is appreciated
that throughout the description, discussions utilizing terms such as "processing" or

"computing” or "calculating” or “delaying” or “comparing”, “generating” or "determining" or
“forwarding or “deferring” “committing” or “checkpointing” or “interrupting” or “handling” or
“receiving” or “buffering” or “allocating” or "displaying” or “flagging” or Boolean logic or other
set related operations or the like, refer to the action and processes of a computer system, or
electronic device, that manipulates and transforms data represented as physical (electronic)
quantities within the computer system's or electronic devices’ registers and memories into
other data similarly represented as physical quantities within electronic memories or

registers or other such information storage, transmission or display devices.

[0065] Any algorithms presented herein are not inherently related to any particular computer
or other apparatus. Various computers and operating systems may be used with programs in
accordance with the teachings herein, or it may prove convenient to construct a more
specialized apparatus to perform the required method steps. The required structure for a
variety of these systems will be apparent from the description of the embodiment shown. In
addition, the present invention is not described with reference to any particular programming
language, and various embodiments may thus be implemented using a variety of

programming languages.

[0066] The aspects, embodiments, features, and examples of the invention are to be
considered illustrative in all respects and are not intended to limit the invention, the scope of
which is defined only by the claims. Other embodiments, modifications, and usages will be
apparent to those skilled in the art without departing from the spirit and scope of the claimed
invention. Examples of values of numbers, unless specified otherwise, are to be assumed to
include slight deviations from number. Such deviations may be 10-15% and still be within
the value listed.

[0067] In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the
element or component can be any one of the recited elements or components and can be
selected from a group consisting of two or more of the recited elements or components.
Further, it should be understood that elements and/or features of a composition, an
apparatus, or a method described herein can be combined in a variety of ways without
departing from the spirit and scope of the present teachings, whether explicit or implicit

herein.
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[0068] The use of the terms “include,” “includes,” “including,” “have,” “has,” or “having”
should be generally understood as open-ended and non-limiting unless specifically stated

otherwise.

[0069] It should be understood that the order of steps or order for performing certain actions
is immaterial so long as the present teachings remain operable. Moreover, two or more

steps or actions may be conducted simultaneously.

[0070] Itis to be understood that the figures and descriptions of the invention have been
simplified to illustrate elements that are relevant for a clear understanding of the invention,
while eliminating, for purposes of clarity, other elements. Those of ordinary skill in the art
will recognize, however, that these and other elements may be desirable. However, because
such elements are well known in the art, and because they do not facilitate a better
understanding of the invention, a discussion of such elements is not provided herein. It
should be appreciated that the figures are presented for illustrative purposes and not as
construction drawings. Omitted details and modifications or alternative embodiments are

within the purview of persons of ordinary skill in the art.

[0071] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

[0072] What is claimed is:

17
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CLAIMS

1. A method of processing cells from a sample, the method comprising:

loading the sample into a cytometer system, the cytometer system including a
preparation section to prepare the cells, a measurement section fluidically
coupled to the preparation section to measure signals of the prepared cells, and
a controller to analyze the measured signals of the measurement section;

receiving a first protocol from a user, the first protocol including a preparation
instruction and an analysis instruction;

preparing the cells in the preparation section according to the preparation
instruction;

measuring signals from the prepared cells in the measurement section; and

analyzing the measured signals according to the analysis instruction.

2. The method of claim 1, wherein the sample is one of a blood sample, a white blood
cell sample, a peripheral blood mononuclear cell sample, and a bone marrow sample.

3. The method of claims 1 or 2, wherein the step of receiving a first protocol precedes
the step of loading a sample.

4, The method of any of claims 1 through 3, wherein the preparation instruction includes

a labeling treatment as defined by the user.

5. The method of any of claims 1 through 4, wherein the measurement section includes
a plurality of detection channels and the first protocol includes a measurement instruction
specifying signal measurement from one or more of the plurality of detection channels as
defined by the user.

6. The method of any of claims 1 through 5, wherein the analysis instruction includes a
gating scheme as defined by the user.

7. The method of any of claims 1 through 6, wherein the cytometer system includes a
preset instruction and wherein at least one of the preparation instruction, the measurement

instruction, and the analysis instruction includes the preset instruction.

8. The method of any of claims 1 through 7, further comprising the step of associating
the sample to the first protocol.

9. The method of any of claims 1 through 8, further comprising the step of comparing a
parameter of the preparation instruction against a limiting value and verifying the preparation

instruction if the parameter is within the limiting value.
18
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10. The method of claim 9, wherein the cytometer system includes a test container
having a capacity, wherein the cytometer system tracks a fill level of the test container,
wherein the parameter includes a volume to be transferred to the test container, and wherein
the limiting value is the difference between the capacity of the test container and the fill level

of the test container.

11. An integrated analyzer to characterize cells, the integrated analyzer comprising:

a preparation section to prepare cells from a sample;

a cytometer section to receive the prepared cells from the preparation section
and to measure signals from the prepared cells and;

a controller to coordinate actions of the preparation section and the measurement
section and to analyze the measured signals from the cytometer section, the
controller configured to direct the preparation section to prepare the sample
according to a preparation instruction defined by a user.

12. The integrated analyzer of claim 11, wherein the measurement section includes a
plurality of detection channels, and wherein the test protocol includes a measurement
instruction specifying signal measurement from one or more of the plurality of detection
channels as defined by the user.

13. The integrated analyzer of claims 11 or 12, wherein the controller is further
configured to analyze the measured signals using to a gating scheme according to an

analysis instruction as defined by the user.

14, The integrated analyzer of any of claims 11 through 13, wherein the preparation
instruction specifies combining the cells with a labeling reagent as defined by the user in the
test protocol.

15. The integrated analyzer of any of claims 11 through 14, further comprising a preset
preparation instruction, a preset measurement instruction, and a preset analysis instruction,
wherein the controller is configured to replicate one or more of the preset preparation
instruction, the preset measurement instruction, and the preset analysis instruction as

respective draft instructions for user editing.

16. The instrument of claim 15, wherein one or more of the preparation instruction, the
measurement instruction, and the analysis instruction include a default value from a
factory-defined instruction.

19
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17. The integrated analyzer of claim 15, wherein the controller is further configured to
accept user entry associating the sample with one of the preparation instruction defined by a
user and a factory-defined preparation instruction and to prepare the cells from the sample
according to the associated one of the preparation instruction defined by a user and the

factory-defined preparation instruction.

18. The instrument of claim 11, wherein the controller is further configured to compare a
parameter of the preparation instruction against a preset bound and to verify the received

preparation instruction if the parameter is within the preset bound.

19. The instrument of claim 18, wherein the parameter includes a volume to be
transferred to a test container, and wherein the preset bound is an unfilled capacity of the

test container.

20. An integrated analyzer to characterize cells, the integrated analyzer comprising:

a preparation section;

a cytometer section, in fluid communication with the preparation section,
including a plurality of detection channels;

a controller configured to accept a test protocol from a user, the test protocol
including instructions specifying combination of the cells with a labeling reagent,
selection of one of the plurality of detection channels, and a gating scheme,

wherein the controller directs the preparation section to contact the cells with the
labeling reagent and directs the cytometer section to measure the prepared cells
using the selected detection channel, and wherein the controller analyzes the

measured values from the cells using the gating scheme.
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Sarnple 1D: JMHO423003 Test: Tetra Combo v1.0
Run Date; 23 Apr 2014 14:22:48 Analysis Date: 23 Apr 2014 14:24:39
User: CQA1 Collect Daie:

Specimen Type: Patient Name:

Patient 1D: Gov. 1D:

Status: Location:

Gender Date Of Birth:

Physician: Physiclan Code:

Instrument Serial #: AW13001
Run Flags:

Run Notifications:

Comments:

Result iVaiue EFBag memai Range Action Range
Average CD3+ (T Celis) Percent 70.35%

Average CD3+ (T Celis) Count/ul. 1,208

CR3+/CD4+ (Helper T Cells) Parcent 28.93%

CD3+/CD4+ (Helper T Celis) Count/ul 487

CD3+/CD8+ (Suppressor T Calis) Percent 39.23%

CD3+/CDE+ (Suppressor T Cells) Count/ul. 8758

CD3-/CD19+ (B Celis) Percent 14.50%

CD3-/CD19+ (B Cells) Count/ul. 248

CD3-/CDB6+CD18+ (NK Cells) Percent 14.19%

CD3-/CDE6+CD 18+ (NK Cells) Countiul. 243

CD4:CD8 Ratio 0.74

*Total Lymphocytes {T+B+NK} Percent 98.55% 85.00%-105.00%
D3+ Reliahility Check 2.89% -5.00%-5.00%
*CB3+ Intrapanel Check 0.98% -3.50%-3.50%

FIG. 12
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