w0 20207159537 A1 |0 0000 K00 O 0 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(10) International Publication Number

WO 2020/159537 Al

06 August 2020 (06.08.2020) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C120 1/68 (2018.01) CI12M 1/36 (2006.01) kind of national protection available). AE, AG, AL, AM,
CI120 1/6806 (2018.01) CI12M 3/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CI2M 1/34 (2006.01) B81B 1/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT, HN,
PCT/US2019/016321 HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
01 February 2019 (01.02.2019) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
- ) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA. UG, US, UZ, VC. VN, ZA, ZM. ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(71) Applicant: HEWLETT-PACKARD DEVELOPMENT kind of regional protection available): ARIPO (BW, GH,
COMPANY, L.P. [US/US]; 10300 Energy Drive, Spring, GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, 8Z, TZ,
Texas 77389 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
i TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: GOVYADINOV, Alexander; 1070 NE Cir-

(74)

cle Blvd., Corvallis, Oregon 97330 (US). SHKOLNIKOYV,
Viktor; 1501 Page Mill Road, Palo Alto, California 94304
(US). HAMMERSTAD, Diane R.; 1070 NE Circle Blvd.,
Corvallis, Oregon 97330 (US).

Agent: COSTALES, Shruti et al.; HP Inc., 3390 E. Har-
mony Road, Mail Stop 35, Fort Collins, Colorado 80528
(US).

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))
as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

(54) Title: CELLULAR ANALYTIC SYSTEMS

Celivtar Analytic System
100

Analytic Device
102

Chamber
104

Lysing Element

S—————————

Sensor Iy
108

Controlier
10

Fig. 1

(57) Abstract: In one example in accordance with the present disclosure, a cellu-
lar analytic system is described. The cellular analytic system includes an analytic
device. The analytic device includes a chamber to receive a cell to be analyzed. At
least one lysing element agitates the cell and at least one sensor detects a change in
the cell based on an agitation of the cell. The cellular analytic system also includes
a controller to determine a rupture threshold of the cell based on parameters of the
agitation when a cell membrane ruptures.

[Continued on next page]



WO 2020/159537 A [IN 00000000 000D 0 0O

Published:
—  with international search report (Art. 21(3))



WO 2020/159537 PCT/US2019/016321

CELLULAR ANALYTIC SYSTEMS

BACKGROUND

[0001] Analytic chemistry is a field of chemistry that uses instruments to
separate, identify, and quantify matter. Cell lysis is a process of rupturing the
cell membrane to extract intracellular components for purposes such as
purifying the components, retrieving deoxyribonucleic acid (DNA), ribonucleic
acid (RNA), proteins, polypeptides, metabolites, or other small molecules
contained therein, and analyzing the components for genetic and/or disease
characteristics. Cell lysis bursts a cell membrane and frees the inner
components. The fluid resulting from the bursting of the cell is referred o as

lysate.

BRIEF DESCRIPTION OF THE DRAWINGS

[6002] The accompanying drawings illustrate various examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

[0003] Fig. 1is a block diagram of a cellular analytic system for cell rupture
threshold determination, according to an example of the principles described
herein.

[0004] Fig. 2 is a flow chart of a method of cell rupture threshold

determination, according to an example of the principles described herein.
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[0005] Fig. 3 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to an example of the
principles described herein.

[0006] Fig. 4 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0007] Fig. 5 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0008] Fig. 6 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0009] Fig. 7 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0010] Fig. 8 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0011] Fig. 9 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[6012] Fig. 10 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0013] Fig. 11 is a flow chart of a method of cell rupture threshold
determination, according to another example of the principles described herein.
[0014] Fig. 12 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the
principles described herein.

[0015] Fig. 13 is a diagrammatic representation of a cellular analytic system
for cell rupture threshold determination, according to another example of the

principles described herein.
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[06016] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily
to scale, and the size of some parts may be exaggerated to more clearly
illustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[0017] Cellular analytics is a field of chemistry that uses instruments to
separate, identify, and quantify matter. A wealth of information can be collected
during cellular analytics, specifically relating to the mechanical properties of the
cell membrane and even more specifically relating to the mechanical breakdown
of the cell membrane. In some examples, the physical characteristics of a cell
can be used to classify and/or differentiate a particular cell from other cells. In
another example, changes {o the physical characteristics of a cell can be used
to determine a state of the cell. For example, parasitic invasion of a cell — such
as occurs in cells affected by malaria — can alter the membrane of the cell.
Gross changes to tissue, such as when a cell is cancerous, can also alter the
physical properties of the cell membrane. However, while the rupture threshold
of a cell may aide in classifying or otherwise analyzing the cell, current methods
are deficient in determining a rupture threshold for a cell. That is current
methods cannot characterize cells based on the rupture threshold of the cell. In
other words, as described above a rupture threshold of a cell can provide a
wealth of information used to classify a cell and current methods, by not being
able to determine a rupture threshold, thereby fail to provide any of this valuable
information.

[0018] For example, to test cell membrane characteristics, some methods
may deform a cell, for example via a cantilever that is pressed against the cell.
The amount of deformation is then physically observed and cell properties
determined based on an amount of force used to deform the cell. However,

such analysis is ineffective as the deformation is localized to the area where the
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cell was pressed, and information gleaned therefrom may not be representative
of the characteristics of the entire cell membrane.

[0019] Moreover, while other forms of cell cytometry exist, such analyses do
not determine cellular rupture thresholds and thereby do not present an
accurate or effective way to glean information that may be based on a cell
membrane’s properties.

[0020] Accordingly, the present specification describes systems and
methods that provide a new method of cell characterization which has not
previously been available. That is, the new method can characterize a cell via a
mechanical rupture threshold. As it is a new cell characterization method, it
thereby provides information not previously available. That is, a cell membrane
strength is a fundamental cell property and is a function of what proteins, lipids,
and cholesterol is solvated into the membrane. These characteristics vary from
cell type to cell type and thus the present method can differentiate and classify
cells based on these properties.

[0021] Accordingly, the present specification describes systems and
methods for analyzing a rupture threshold of a cell using a destructive method.
By so doing, cellular characteristics and cellular differentiating information can
be collected from the cell. For example, changes to a cell membrane over time
can be detected by rupturing the cell membrane and determining whether it
ruptures earlier or later than expected, that is whether the cell membrane
ruptures under a lower stress than expected. In another example, differences in
the stress under which different cell membranes rupture can be used to classify
those different cells. In other words, information may be gleaned from a cellular
sample by rupturing the cell membrane and then analyzing information related
to the cell rupture, such as an intensity of the force that caused the rupture.
[0022] Accordingly, the present specification describes a method of flow
cytometry which senses cell presence. A lysing element or multiple lysing
elements and corresponding sensors then gradually increase a stress applied to
a cell until the cell ruptures, which point is defined as the cell rupture threshold.
[0023] Specifically, the present specification describes a cellular analytic

system. The cellular analytic system includes an analytic device that includes 1)
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a chamber to receive a cell to be analyzed, 2) at least one lysing element to
agitate the cell, and 3) at least one sensor 1o detect a change in the cell based
on an agitation of the cell. The cellular analytic system also includes a controller
to determine a rupture threshold of the cell based on parameters of the agitation
when a cell membrane ruptures.

[0024] The present specification also describes a method. According to the
method, a cell to be analyzed is received at a cellular analytic system. The cell
is exposed to repeated agitation cycles within increasing intensity. This is done
until the cell ruptures. It is then determined, based on a number of agitation
cycles and an intensity of each agitation cycle, a rupture threshold of the cell.
[0025] The present specification also describes an example of a cellular
analytic system that includes an analytic device. The analytic device includes 1)
at least one chamber to receive a cell to be analyzed, 2) at least one lysing
element, and 3) at least one sensor per lysing element to determine when the
cell ruptures. In this example, the analytic device repeatedly agitates the cell
with increasing intensity until the cell ruptures. The cellular analytic system also
includes a main pump to move the cell through the analytic device and a
controller. The controller includes 1) a count determiner to determine a number
of agitation cycles until cell rupture, 2) an intensity determiner to determine an
intensity of each of the number of agitation cycles, 3) a threshold determiner to
determine a rupture threshold of the cell based on the number of agitation
cycles until cell rupture and the intensity of each of the number of agitation
cycles, and 4) a component controller to alter operation of at least one
component of the analytic device based on a cell rupture.

[0026] [n summary, using such a cellular analytic system 1) allows analysis
of the cell rupture threshold; 2) leads to cell classification/differentiation based
on the cell rupture threshold; 3) automates precision separation and cytometry
4) can be integrated onto a lab-on-a-chip device; 5) is scalable and can be
parallelized, and 6) is low cost and effective. However, the devices disclosed
herein may address other matters and deficiencies in a number of technical

areas.
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[0027] As used in the present specification and in the appended claims, the
term “cell membrane” refers to any enclosing structure of a cell, organelie, or
other cellular particle.

[0028] Further, as used in the present specification and in the appended
claims, the term “agitation cycle” refers to a period when a cell is exposed to the
operations of a lysing element. For example, an agitation cycle may refer to
each time a cell is looped past a single lysing element. That is, exposing the
cell to repeated agitation cycles comprises looping the cell past a single lysing
element. In another example, a cell passes through an agitation cycle each
time it passes by a lysing element in a string of multiple lysing elements. That
is, exposing the cell to repeated agitation cycles comprises moving the cell past
multiple lysing elements.

[0029] Even further, as used in the present specification and in the
appended claims, the term “rupture threshold” refers to the amount of stress that
a cell can withstand before rupturing. In other words, the rupture threshold is
the threshold at which the cell ruptures. The rupture threshold may be
determined based on any number of factors including a number of agitation
cycles a cell is exposed to and the intensity of the agitation cycles.

[0030] Yet further, as used in the present specification and in the appended
claims, the term “parameters” refers to the operating conditions in a particular
agitation cycle. Accordingly, different “parameters” may mean different lysing
element types and/or different lysing strengths. For example, agitation
parameters for an agitation cycle may include whether a lysing element is a
thermal inkjet resistor, a piezo-electric device, or an ultrasonic transducer.
Agitation parameters also refer to the operating conditions of the particular
lysing element. For example, the parameters of an ultrasonic transducer may
refer to the frequency, amplitude, and/or phase of ultrasonic waves. The
parameters of the thermal inkjet resistor and piezo-electric device may refer to
the size of the element and/or the voltage applied to the element.

[0031] Turming now to the figures, Fig. 1 is a block diagram of a cellular
analytic system (100) for cell rupture threshold determination, according to an

example of the principles described herein. As described herein, the cellular
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analytic system (100) is a collection of components for analyzing a cell and for
determining a rupture threshold of the cell. In some examples, the cellular
analytic system (100) is part of a lab-on-a-chip device. A lab-on-a-chip device
combines several laboratory functions on a single integrated circuit which may
be disposed on a silicon wafer. Such lab-on-a-chip devices may be a few
square millimeters to a few square centimeters, and provide efficient small scale
fluid analysis functionality.

[0032] In other words, the components, i.e., the analytic devices (102),
chamber (104), lysing elements (106), and sensors (108) may be microfluidic
structures. A microfluidic structure is a structure of sufficiently small size (e.g.,
of nanometer sized scale, micrometer sized scale, millimeter sized scale, etc.)
to facilitate conveyance of small volumes of fluid (e.g., picoliter scale, nanoliter
scale, microliter scale, milliliter scale, etc.).

[0033] In general, the cellular analytic system includes an analytic device
(102). The analytic device includes a chamber (104) to receive a cell to be
analyzed and at least one lysing element (106) to agitate the cell. The analytic
device (102) also includes at least one sensor (108) to detect a change in the
cell based on an agitation of the cell. A controller (110) of the cellular analytic
system (100) determines a rupture threshold of the cell based on parameters of
the agitation when a cell membrane ruptures.

[0034] The cellular analytic system (100) includes an analytic device (102)
which performs the cellular analysis. Accordingly, the analytic device (102)
includes a variety of sub-components. Specifically, the analytic device (102)
includes a chamber (104) where lysing and lysis detection occur. In some
examples, the chamber (104) includes a single lysing element (106) and sensor
(108). In other examples, the chamber (104) includes multiple lysing elements
(106) and sensors (108).

[0035] [n some examples the chamber (104) may be no more than 100 times
a volume of a cell to be lysed. In other examples, the chamber (104) may have
a cross-sectional size comparable with the cell size and in some cases smaller
than the cell so as to deform the cell before or during the rupturing of the cell

membrane. That is, the chamber (104) may be a microfluidic structure. As the
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chamber (104) is the location where lysis occurs, the chamber (104) receives a
cell or other component to be lysed. In some examples, the chamber (104) may
receive the cells single-file, or serially. Thus, lysing operations can be
performed on a single cell and that celf's particular properties may be analyzed
and processed.

[0036] The analytic device (102) also includes at least one lysing element
(106) to agitate the cell. Lysis refers to the agitation of a cell with the objective
of rupturing a cell membrane. The lysing element (106) may implement any
number of agitation mechanisms, including shearing, ball milling, pestle
grinding, and using rotating blades to grind the membranes. Other examples of
agitation mechanisms include localized heating and shearing by constriction. In
another example, repeated cycles of freezing and thawing can disrupt cells
through ice crystal formation. Solution-based lysis is yet another example. In
these examples, the osmotic pressure in the cellular particle could be increased
or decreased to collapse the cell membrane or to cause the membrane to burst.
As yet another example, the cells may be forced through a narrow space,
thereby shearing the cell membranes.

[0037] [n one example, the lysing element (106) is a thermal inkjet heating
resistor disposed within a microfluidic channel. In this example, the thermal
inkjet resistor heats up in response to an applied current. As the resistor heats
up, a portion of the fluid in the chamber (104) vaporizes to generate a bubble.
This bubble generates a pressure and shear spike which rupture the cell
membrane.

[0038] In another example, the lysing element (106) may be a piezoelectric
device. As a voltage is applied, the piezoelectric device changes shape which
generates a pressure pulse in the chamber (104) that generates a pressure and
shear spike which rupture the cell membrane.

[0039] In yet another example, the lysing element (106) may be a non-
reversible electroporation electrode that forms nano-scale pores on the cell
membrane. These pores grow and envelope the entire cell membrane leading

to membrane lysis. While particular examples of lysing elements (106) have
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been described herein, a variety of lysing element (106) types may be
implemented in accordance with the principles described herein.

[0040] In yet another example, the lysing element (106) is an ultrasonic
transducer that generates high energy sonic waves. These high energy waves
may travel through the wall of the chamber (104) to shear the cells disposed
therein.

[0041] The different types of lysing elements (106) each may exhibit a
different agitation mechanism. For example, the agitation mechanism of an
ultrasonic transducer is the ultrasonic waves that are emitted and that shear the
cells. The agitation mechanism of the thermal inkjet heating resistor is the
vapor bubble that is generated and ruptures the cell membrane. The agitation
mechanism of the piezo-electric device is the pressure wave that is generated
during deformation of the piezo-electric device, which pressure wave shears the
cell membrane.

[0042] As described above, the cellular analytic system (100) of the present
specification gradually increases lysing intensity. Accordingly, in one example
this may mean passing the cell by a single lysing element (106) multiple times.
With each cycle, the lysing intensity may or may not change. Based on the
number of cycles, a rupture threshold of the cell may be determined. For
example, if a cell is intact following 10 agitation cycles, but breaks down
following the eleventh agitation cycle, the rupture threshold may be determined
accordingly.

[0043] In another example, increasing the lysing intensity may include
passing the cell past multiple lysing elements (106). That is, a chamber (104)
may include multiple lysing elements (106) placed along a flow path. Those
lysing elements (106) downstream may have an increasingly intense lysing
strength such that a rupture threshold for a cell may be determined based on
where along the flow path the cell membrane ruptured.

[0044] To determine when a cell has ruptured, the analytic device (102) may
include at least one sensor (108). That is, the at least one sensor (108) detects
a change in the cell based on an agitation of the cell by the at least one lysing
element (106).
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[0045] The sensor (108) may take many forms. For example, the cell sensor
(108) may be an optical scatter sensor that determines cell rupture based on a
scatter of reflected energy waves. The cell sensor (108) may be an optical
fluorescence sensor that detects cell rupture based on the detection of certain
fluorescent markers. In other examples, the sensor (108) may be an optical
bright field imaging system, an optical dark field imaging system, or a thermal
property sensor.

[0046] [n one particular example, the sensor (108) is an impedance sensor.
Specifically, the sensor (108) may include at least one pair of electrodes spaced
apart from one another by a gap. These electrodes detect a level of
conductivity within the gap. Thatis, incoming cells to a chamber (104), and the
solution in which they are contained, have a predetermined electrical
conductivity. Any change to the contents of the chamber (104) will effectively
change the electrical conductivity within the chamber (104). Specifically, as the
cells are ruptured and the nucleic acid pours out, the conductivity would
increase. To measure the conductivity, a resistance of solution between
electrodes of the impedance sensor is measured and a conductivity determined
therefrom. In some examples, a single pair of electrodes are used, with one
electrode plate placed at either end of a chamber (104). In another example,
multiple pair of electrodes are used. For example, one pair of electrode plates
could be placed at the inlet and another pair of electrode plates placed at the
outlet.

[0047] Thus in summary, the sensor (108) which may include one sensor
(108) in the chamber (104) or which may include multiple sensors (108) in a
multi-lysing element (106) chamber (104), can determine when a cell membrane
has been ruptured. This information is passed to a controller (110) which
determines a rupture threshold of the cell based on the parameters of the
agitation when the cell membrane ruptures. That is, as described above a cell
may be exposed to gradually increasing intensities of lysing operations. The
characteristics of the different agitation cycles can be passed to the controller
(110) which determines a rupture threshold. The controller (110) may also use

this information to perform other operations. For example, the controller (110)
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may differentiate cells in a sample based on different rupture thresholds. In this
example, the controller (110) may receive, for multiple cells, information
regarding the results of lysing by different lysing element(s) (106) on those cells.
Based on the results, the controlier (110) may determine when each cell in a
sample is ruptured. Different types of cells may rupture under different
intensities. Accordingly, based on when a cell ruptures, the controller (110) may
be able to determine the cell types of the various cells in a sample.

[0048] As another example, the controller (110) may be able to determine a
state of a cellular sample. For example, it may be determined that healthy cells
rupture at a particular lysing intensity. This may be determined by passing
healthy cells through the cellular analytic system (100) and collecting rupturing
information from the sensor(s) (108). Accordingly, a sample to be analyzed may
subsequently be passed through the cellular analytic system (100) and rupturing
information collected for these cells in the sample. If the rupturing information
indicates that the sample cells rupture at a lower intensity than the healthy cells,
the controller (110) may determine that the sample cells are diseased.

[0049] As yet another example, the controller (110) may be able to
differentiate between live cells and dead cells based on the rupturing thresholds
of different cells as determined by the analytic device (102). That s, live cells
may be more robust against lysing and therefore have a higher rupturing
threshold as compared to dead cells which may rupture at a lower intensity.
[6050] [n addition to determining a rupture threshold, the controller (110) may
also be used to determine when the cell membrane has ruptured based on
detected levels of conductivity in the chamber (104). That is, the controlier
(110) may compare detected levels of conductivity within the chamber (104)
with a threshold level of conductivity associated with a ruptured cell.
Accordingly, once the detected level of conductivity within the chamber has
reached the threshold value, the controller (110) may determine that a cell has
been ruptured.

[0051] In a specific example, the chamber (104) may have a 20 by 20

micrometer cross section with an electrode separation of 360 micrometers. In
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this example, voltages may be applied in the range of 5 to 80 V incrementally to
determine a cell rupture threshold.

[0052] In a specific use of the cellular analytic system (100) a cell may be
introduced into the chamber (104) and the lysing element (106) activated to a
first intensity. The sensor (108) may determine whether or not the cell ruptured.
If not, the cell may be repositioned below the lysing element (106) and the
energy increased or maintained. In either case, the sensor (108) again
determines whether the cell ruptured or not. This continues until it is determined
that the cell has ruptured. Throughout all of this, information such as agitation
cycle count and the intensity of each agitation cycle is passed to the controller
(110). Once ruptured, the fact that the cell ruptured, the number of agitation
cycles, and the overall intensity of each cycle is used by the controller (110) to
determine a characteristic of the cell, such as if it is diseased or not, or whether
it is alive or dead, among others.

[06063] Thus, the present cellular analytic system (100) provides an
incremental way of determining with accuracy and precision a rupture threshold
for a cell. Thatis, it can be precisely determined what the rupturing threshold
for a cell is. Such precision allows for precise and fine-tuned differentiation and
classification of cells in a sample. Moreover, the cellular analytic system (100)
as described herein allows for effective analysis of cell membrane properties
which provide a wealth of cellular information. For example, the cellular analytic
system (100) as described herein provides additional information on cell
properties useful for differentiation of cells by mechanical strength. This
information could be used for fine differentiation of similar or identical type of
cells by genotype and defects due to genetic or metabolic deviations (such as
maturity or end of life and etc.).

[0054] Fig. 2 is a flow chart of a method (200) of cell rupture threshold
determination, according to an example of the principles described herein. As
described above, in the method (200) a cell to be analyzed is received (block
201) at a cellular analytic system (Fig. 1, 100). That s, the cellular analytic
system (Fig. 1, 100) may be fluidly coupled to a reservoir that holds a sample

containing cells to be analyzed and these cells are introduced into the cellular
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analytic system (Fig. 1, 100). More specifically, the cells are received (block
201) in the chamber (Fig. 1, 104) of the analytic device (Fig. 1, 102).

[0055] In some examples, the cells may be received (block 201) serially.
That is, each cell within the sample may be received (block 201) one at a time.
Such a serial, single-file introduction of cells into the cellular analytic system
(Fig. 1, 100) may be facilitated by having channels having a cross-sectional
area size on the order of the cell diameter. Doing so facilitates the individual
analysis of cells. Accordingly, rather than analyzing a portion of the sample and
extrapolating therefrom, each cell of the sample may be analyzed. Thus, a
complete analysis of the sample is performed.

[0056] Once in the cellular analytic system (Fig. 1, 100), the cell is exposed
(block 202) to repeated agitation cycles. In some examples, the repeated
agitation cycles may be performed by a single lysing element (Fig. 1, 106) or
multiple lysing elements (Fig. 1, 106). In the case of a single lysing element
(Fig. 1, 106), the cell may be looped past the single lysing element (Fig. 1, 106).
[0057] In the case of multiple lysing elements (Fig. 1, 106), the lysing
elements (Fig. 1, 106) may be disposed (Fig. 1, 104) along a flow path through
the chamber (Fig. 1, 104). Accordingly, as the cell passes along the flow path, it
is exposed to the multiple distinct lysing elements (Fig. 1, 106).

[0058] [n either case, the lysing intensity may increase or remain the same.
For example, in a single lysing element (Fig. 1, 106) example, the lysing
element (Fig. 1, 106) may be adjustable. As specific examples, the energy
applied to a thermal inkjet resistor may increase or the intensity of ultrasonic
waves may increase with each agitation cycle. In the example of multiple lysing
elements (Fig. 1, 106), each distinct lysing element (Fig. 1, 106) may have a
fixed intensity. For example, the energy applied to each thermal inkjet resistor
may differ between different resistors, but the energy applied to a particular
resistor may remain constant.

[0069] The cell is exposed (block 202) to the agitation cycles until the cell
ruptures. As described above, cell rupture may be determined by the sensors
(Fig. 1, 108) in the analytic device (Fig. 1, 102). That is, the sensor (Fig. 1,
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108), be whatever type it may, can detect the difference between an intact cell
and a ruptured cell.

[0060] The controller (Fig. 1, 110) of the cellular analytic system (Fig. 1, 100)
then determines (block 203) based on a number of agitation cycles and a
rupturing intensity of each agitation cycle, a rupture threshold of the cell. That
is, the controller (Fig. 1, 110) relies on information passed from the sensors (Fig.
1, 108) to determine the rupture threshold. The information relied on may
include, but is not limited to, a number of agitation cycles, an intensity of each
agitation cycle, and whether or not a particular cell ruptured. That s, regardless
of whether the agitation intensity increases or not, or whether the chamber (Fig.
1, 104) includes a single lysing element (Fig. 1, 106) or multiple lysing elements
(Fig. 1, 106), the controller (Fig. 1, 110) can determine (block 203) the rupture
threshold by knowing how many agitation cycles the cell was exposed to and
the intensity of each agitation cycle. Thus, the controller (Fig. 1, 110)
determines at what agitation intensity the cell ultimately ruptures. With such
information on hand, the controller (Fig. 1, 110) can determine certain properties
of the cell including cell type, cell state, etc.

[0061] Fig. 3 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to an example of the
principles described herein. Specifically, Fig. 3 depicts the analytic device (102)
and the controller (110) that make up the cellular analytic system (100). IN the
example depicted in Fig. 3, the analytic device (102) further includes a return
pump (312) to return an un-ruptured cell to the chamber. In this example, the at
least one lysing element (Fig. 1, 106) includes a single lysing element (Fig. 1,
106) that exposes the cell to repeated agitation cycles until the cell ruptures. In
this example, the controller (110) determines the rupture threshold of the cell
based on a count of how many agitation cycles the cell is exposed to until
rupture.

[0062] Fig. 3 depicts an example where the chamber (104) includes a single
lysing element (Fig. 1, 106). As described above, the cellular analytic system
(100) receives a sample containing cells from an inlet (314). In some examples,

the inlet (314) may be a reservoir or a channel from which the cells are received
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from another system. The cells to be analyzed may be of a variety of types
such as cells cultured from plants, animals, or bacteria. The cells may be
suspended in an appropriate extracellular fluid medium such as interstitial fluid
and blood plasma.

[0063] In the example depicted in Fig. 3, the sample is moved along a flow
path indicated by the arrow. The flow may be generated by an external pump.
While along the fluid path, the cell is exposed to the activity of a lysing element
(Fig. 1, 106) which in the example depicted in Fig. 3, is a lysing element (Fig. 1,
106) that is external to the chamber (104). However, in some examples, the
lysing element (Fig. 1, 106) may be internal to the chamber (104).

[0064] As described above, the lysing element (Fig. 1, 106) may be of a
variety of types. In the example depicted in Fig. 3, the lysing element (Fig. 1,
106) is an ultrasonic transducer (318) that generates high energy sonic waves.
These high energy waves may travel through the wall of the chamber (104) to
shear the cells disposed therein.

[0065] Fig. 3 also clearly depicts the sensor (108) that determines whether a
cell has been sufficiently lysed. As a particular example, the sensor (108) may
be an impedance sensor with metallic plates separated by a gap. A resistance
between the plates can be determined. The measured resistance is indicative
of a conductivity of the solution in the chamber (104). While Fig. 3 depicts a
particular type of sensor (108), as noted above, other types of sensors may be
implemented such as an optical scatter sensor, an optical fluorescence sensor,
an optical bright field imaging system, an optical dark field imaging system, and
a thermal property sensor.

[0066] As described above, the controller (110) may be used to determine
whether a particular cell has been lysed. That is, the sensor (108) may provide
a measurement, such as a conductivity measurement. The controller (110) can
compare this value to a threshold value that maps to intact cells. Based on this
comparison, it may be determined whether a cell membrane has ruptured or
not.

[0067] Once lysed, the cells may be passed to an outlet (316). In some

examples, the outlet (316) may be fluidly coupled to a downstream system for
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further analysis of the contents of the cell. In some examples, the outlet (316)
may be a reservoir where the lysate fluid is contained.

[0068] As described above, the cellular analytic system (100) gradually
increases the intensity of agitation such that it can be precisely determined at
what stress level a particular cell ruptures. Increasing the agitation intensity
may include increasing the intensity of the lysing element (Fig. 1, 106) and/or by
increasing a count of how many exposures the cell has to the lysing element
(Fig. 1, 106). For example, a lysing element (Fig. 1, 106) intensity may not
change, but the cell may be passed by the lysing element (Fig. 1, 106) multiple
times until cell rupture occurs. In another example, a lysing element (Fig. 1,
106) intensity increases with sequential agitation cycles and the cell may be
passed by the lysing element (Fig. 1, 106) multiple times until cell rupture
occurs.

[0069] Accordingly, in the example where the chamber (104) includes a
single lysing element (Fig. 1, 106), the cellular analytic system (100) may
include a return pump (312) to return an un-ruptured cell to be within the region
of the single lysing element (Fig. 1, 106), i.e., the ultrasonic transducer (318)
where the cell may be again exposed to the operation of the lysing element (Fig.
1, 106). This shifting of the un-ruptured cell to be by the lysing element (Fig. 1,
106) may be continued until the cell is ruptured, and thereby passed to the
outlet (316).

[6070] Following each agitation cycle, certain information is passed to the
controller (110). An intensity determiner (322) of the controller (110) determines
an intensity of each lysing element (Fig. 1, 106) and whether that intensity
changes or remains constant between agitation cycles. A count determiner
(320) determines a count of the number of agitation cycles a cell is exposed to
until it ruptures. Using this information, the threshold determiner (326) of the
controller (110) can determine a strength of the cell, or a level of agitation that
the cell can handle before rupture. That s, the threshold determiner (326)
determines the rupture threshold of the cell based on a count of how many

agitation cycles the cell is exposed to, and at what strength, before the cell
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ruptures. As described above, such information may be valuable in classifying
and/or differentiating the cell from other cells of the same or differing types.
[0071] The controller (110) may include a processor and memory. The
controller (110) may additionally include other electronics (not shown) for
communicating with and controlling the various components of cellular analytic
system (100), such as discrete electronic components and an ASIC (application
specific integrated circuit). That is, in addition to determining a rupture threshold
of the cell based on information received from the sensors (108), the controller
(110) can control operation of the various components. For example, if the
sensor (108) sends information to the controller (110) which indicates that a cell
has not ruptured or is otherwise not sufficiently lysed, a component controller
(324) of the controller (110) may activate the return pump (312) to push the cell
against the flow path towards the lysing element (Fig. 1, 106) such that a
second attempt at lysing can be carried out. By comparison, if the sensor (108)
sends information to the controller (110) which indicates that a cell has ruptured,
the component controller (324) may avoid activating the return pump (312) such
that the cell can flow to the outlet (318).

[0072] As another example, the component controller (324) may increase the
agitation intensity of the lysing element (Fig. 1, 106). For example, if the sensor
(108) sends information to the controller (110) which indicates that a cell has not
ruptured or is otherwise not sufficiently lysed, the component controller (324)
may, in addition to activating the return pump (312) to push the cell in the path
of the lysing element (Fig. 1, 106), increase the intensity of the lysing element
(Fig. 1, 106) such that the agitation intensity for that agitation cycle is increased.
Thus as described above, a cell is exposed to a gradual and incremental
increase in agitation intensity such that an accurate and precise determination
of the strength, or rupture threshold, of a particular cell can be determined, from
which valuable information relating to the cell and its contents can be
determined. Using a single lysing element (Fig. 1, 106) by which the cell passes
multiple times may be beneficial in that it occupies a smaller footprint, thus

allowing the placement of other lab-on-a-chip components.
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[6073] For simplicity in the figures that follow certain specific components are
omitted from illustration. However, these components, such as the components
within the controller (110) may be implemented in any of the figures that follow.
[0074] Fig. 4 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. Specifically, Fig. 4 depicts an example where
the chamber (104) includes a single lysing element (Fig. 1, 106) which is
depicted in Fig. 4 as an ultrasonic transducer (318). In the example depicted in
Fig. 4, rather than relying on an external pump, the cellular analytic system
(100) includes a main pump (428) to initiate flow through the chamber (104). In
some examples, the main pump (428) may be an integrated pump, meaning the
main pump (428) is integrated into a wall of the chamber (104). In some
examples, the main pump (428) may be an inertial pump which refers to a pump
which is in an asymmetric position within the inlet (314). The asymmetric
positioning within the chamber (104) facilitates an asymmetric response of the
fluid to the main pump (428). The asymmetric response results in fluid
displacement when the main pump (428) is actuated. In some examples, the
main pump (428) may be a thermal inkjet resistor, or a piezo-drive membrane or
any other displacement device.

[0075] [n this example, the controller (110) may control operation of the main
pump (428). For example, if the sensor (108) sends information to the controller
(110) which indicates that a cell has not ruptured or is otherwise not sufficiently
lysed, the component controller (Fig. 3, 324) may de-activate the main pump
(428) such that the return pump (312) may return the cell adjacent the lysing
element (Fig. 1, 106). By comparison, if the sensor (108) sends information to
the controller (110) which indicates that a cell has ruptured, the component
controller (Fig. 3, 324) may leave the main pump (428) active, and maintain the
return pump (312) inactive to drive the cell towards the outlet (316).

[0076] Fig. 5 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. Fig. 5 depicts some of the components

described above such as the inlet (314), main pump (428), sensor (108), return
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pump (312), chamber (104), and outlet (316). Fig. 5 also depicts a lysing
element (Fig. 1, 106). In this example, the lysing element (Fig. 1, 106) is a
thermal inkjet resistor (530) that operates to generate a vapor bubble that
shears a cell membrane as described above.

[0077] Fig. 5 also depicts a cell presence sensor (532). The cell presence
sensor (532) may be of any variety of types such as those described as
examples of the sensor (108). That is, the cell presence sensor (532) may be
an impedance sensor, an optical scatter sensor, an optical fluorescence sensor,
an optical bright field imaging system, an optical dark field imaging system, or a
thermal property sensor. This cell presence sensor (532) is disposed before the
lysing element (Fig. 1, 106) and may trigger activation of the lysing elements
(Fig. 1, 106). For example, if the cell presence sensor (532) sends information
to the controller (110) which indicates that a cell is not present within the
chamber (104), the component controller (Fig. 3, 324) may avoid activating the
lysing element (Fig. 1, 106). By comparison, if the cell presence sensor (532)
sends information to the controller (110) which indicates that a cell is present,
the component controller (Fig. 3, 324) may activate the lysing element (Fig. 1,
106). Fig. 5 depicts a cell presence sensor (532) per lysing element (Fig. 1,
106), other configurations are possible as well. That is, the analytic device
(102) includes a single cell presence sensor (532) may detect the presence of a
cell within the chamber and all lysing elements (Fig. 1, 106) are activated based
on a determined cell presence by the single cell presence sensor (532). In
another example, the analytic device (102) includes a cell presence sensor
(532) per lysing element (Fig. 1, 106) to detect the presence adjacent a
respective lysing element (Fig. 1, 106) and the lysing element (Fig. 1, 106) is
activated based on a determined cell presence by the respective cell presence
sensor (532).

[0078] adjacent a single lysing element (Fig. 1, 106) or multiple cell presence
sensors (532) may detect the presence of a cell adjacent a respective lysing
elements (Fig. 1, 106) and the component controller (Fig. 3, 324) may
activate/deactivate each lysing elements (Fig. 1, 106) based on an output of a

corresponding cell presence sensor (532).
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[0079] Fig. 6 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. Fig. 6 depicts some of the components
described above such as the inlet (314), main pump (428), the cell presence
sensor (532), the thermal inkjet resistor (530), sensor (108), return pump (312),
chamber (104), and outlet (316). In this example, the chamber (104) includes a
second lysing element (Fig. 1, 106) in the form of a constriction (634) within the
chamber (104). The constriction (634) increases pressure within the fluid, which
can cause the cell membrane/wall to rupture.

[0080] Fig. 7 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. In the example depicted in Fig. 7, the chamber
(104) includes multiple sequential lysing elements (106) and at least one sensor
(108) per lysing element (106). Associated with each lysing element (106) is a
sensor (108). Each sensor (108) detects whether a cell rupture occurred. That
is, in the example depicted in Fig. 7, rather than passing a cell by a single lysing
element (106) multiple times, the cell is passed by multiple lysing elements
(106) a single time. This example may be beneficial in that it alleviates certain
controlled elements such as the return pump (Fig. 3, 312). While Fig. 7 depicts
seven lysing elements (106-1, 106-2, 106-3, 106-4, 106-5, 106-6, 106-7) and
seven sensors (108-1, 108-2, 108-3, 108-4, 108-5, 108-6, 108-7) any number of
lysing elements (106) and sensors (108) may be disposed within the cellular
analytic system (100).

[0081] [n this example, information from each of the sensors (108) is passed
to the controller (110) for cell rupture threshold determination. That is, as a cell
passes by each of the sensors (108), information is passed to the controller
(110) to determine whether a corresponding lysing element (106) ruptured the
cell. With this information, the controller (110) can determine a rupture
threshold, or strength of a cell. That is, based on sensor (108) outputs, the
controller (110) can determine how far down the flow path the cell gets before
rupture occurs. For example, if a fifth sensor (108-5) passes information

consistent with an intact cell, but the sixth sensor (108-6) passes information
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consistent with a ruptured cell, the controller (110) determines that six agitation
cycles at a certain intensity resulted in cell rupture. In the example depicted in
Fig. 7, the lysing elements (106) may have the same agitation intensity,
however in other examples as depicted further below, the lysing elements (106)
may have different intensities.

[0082] [n addition to determining a cell rupture threshold, the controller (110)
also controls various components of the cellular analytic system (100). For
example, the component controller (Fig. 3, 324) may independently
activate/deactivate certain of the lysing elements (106). For example, a
particular lysing element (106) may be activated/deactivated based on lysing
results of an earlier lysing element. For example, the component controller (Fig.
3, 324) may activate a downstream lysing element (106) based on the lysing
results of an upstream lysing element (106). As a specific example, a second
sensor (108-2) may determine that a cell is un-ruptured by the second lysing
element (106-2). Accordingly, the component controller (Fig. 3, 324) may
activate the third lysing element (106-3). In another example, the component
controller (Fig. 3, 324) may deactivate a downstream lysing element (106)
based on the lysing results of an upstream lysing element (106). As a specific
example, a third sensor (108-3) may determine that a cell is ruptured by the
third lysing element (106-3). Accordingly, the component controller (Fig. 3, 324)
may deactivate the fourth and subsequent lysing elements (106-4, 106-5, 106-
8).

[0083] Fig. 7 also depicts the example where a single cell presence sensor
(532) triggers activation of each of the downstream components. That s, in this
example, once the cell presence sensor (532) detects the presence of a cell,
downstream lysing elements (106) may be activated to agitate the cell.

[0084] Thus, the example depicted in Fig. 7 with multiple lysing elements
(106) in the chamber (104) facilitate the sequential and gradual increase in
intensity of a lysing energy such that a determination of a rupture threshold for
different cells can be made at a high resolution.

[0085] Fig. 8 is a diagrammatic representation of a cellular analytic system

(100) for cell rupture threshold determination, according to another example of
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the principles described herein. Fig. 8 is an example where the chamber (104)
includes multiple lysing elements (106) each with a corresponding sensor (108).
However, in the example depicted in Fig. 8, the lysing elements (106) are
different from one another. The lysing elements (106) may be different in any
number of ways. For example, the lysing elements (106) may exhibit increasing
agitation intensities. In some examples, the progression of agitation intensity
coincides with the flow path of a cell through the chamber (104). That is, as the
cell moves along the flow path it is sequentially exposed to increasingly intense
lysing energies.

[0086] The different lysing intensities may be manifest in different ways. In
one example, each lysing element (106) may be of a similar type, but of different
strengths. For example, each lysing element (106) may be a thermal inkjet
resistor (Fig. 5, 530), but of different sizes as depicted in Fig. 8. In this example,
larger thermal inkjet resistors (Fig. 5, 530) generate larger vapor bubbles thus
generating a stronger shear force against the cell. In another example, a larger
voltage may be placed across thermal inkjet resistors (Fig. 5, 530) of the same
size. This increases the bubble generation and thus the shear rate on the cell.
[0087] [n another example, where the lysing elements (106) are ultrasonic
transducers (Fig. 3, 318), the different transducers (Fig. 3, 318) may emit waves
of different frequency and/or amplitude in order to increase the agitation
intensity. In yet another example, the lysing elements (106) may be of different
types. For example some chambers may include thermal inkjet resistors (Fig. 5,
530), and others may include ultrasonic transducers (Fig. 5, 530) while yet
others are non-reversible electroporation electrodes.

[0088] As with the example depicted in Fig. 7, information from each of the
sensors (108) is passed to the controller (110) for cell rupture threshold
determination. Thatis, as a cell passes by each of the sensors (108),
information is passed to the controller (110) to determine whether a
corresponding lysing element (106) ruptured the cell. With this information, the
controller (110) can determine a rupture threshold, or strength of a cell. That s,
based on sensor (108) outputs, the controller (110) can determine how far down

the flow path the cell gets before rupture occurs.
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[0089] Thus, the example depicted in Fig. 8 with multiple lysing elements
(106) in the chamber (104) facilitate the sequential and gradual increase in
intensity of a lysing energy such that a determination of a rupture threshold for
different cells can be made at a high resolution.

[0090] Fig. 9 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. As with the above figures, Fig. 9 depicts a
cellular analytic system (100) with an inlet (314), a chamber (104) with multiple
lysing elements (106) and sensors (108), a cell presence sensor (532) and an
outlet (316). In the example depicted in Fig. 9, the cellular analytic system (100)
also includes a main pump (428) to move fluid through the chamber (104). In
the example depicted in Fig. 9, the chamber (104) includes a constriction (Fig.
6, 634) between adjacent lysing elements (106). In Fig. 9, reference numbers
for the constrictions (Fig. 6, 634) are omitted for visual clarity. In one example,
sequential lysing elements (106) exhibit increasing agitation intensities.

[0091] As stated above, the constrictions (Fig. 6, 634) provide another lysing
structure to potentially rupture the cell membrane. As depicted in Fig. 10, in
some examples, the constrictions (Fig. 6, 634) change in size. For example, as
depicted in Fig. 10, the constrictions (Fig. 6, 634) get narrower along the flow
path. The changing size of the constrictions (Fig. 6, 634) is yet another way in
which the agitation intensity rises along the flow path. That is, the narrower the
constriction (Fig. 6, 634) the more stress placed upon the cell passing there
through. While Figs. 9 and 10 depict constrictions (Fig. 6, 634) with lysing
elements (106) of the same size and/or type, such constrictions (Fig. 6, 634)
may be implemented in systems where a type and/or intensity of the lysing
element (106) changes along the flow path. Thus, the present cellular analytic
system (100) provides a system wherein cells can be exposed to incremental
agitation stresses to determine their precise rupture threshold. The resolution of
the cellular analytic system (100) may be determined by differences in sizes of
the thermal inkjet resistors (Fig. 5, 530), difference in constriction (Fig. 6, 634)

size, and/or difference in levels of ultrasound energy intensity.
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[0092] Fig. 11 is a flow chart of a method (1100) off cell rupture threshold
determination, according to another example of the principles described herein.
A cell to be analyzed is received (block 1101) at a cellular analytic system (Fig.
1, 100) and exposed (block 1102) to repeated agitation cycles with increasing
intensity. In some examples this may be performed as described above in
connection with Fig. 2.

[0093] In some examples, downstream lysing elements (Fig. 1, 106) are
controlled (block 1103) based on lysing results of previous lysing elements (Fig.
1, 106). For example, if it is determined that a particular cell has not ruptured,
downstream lysing elements (Fig. 1, 106) may be activated or remain in their
existing active state. In another example, if it is determined that a particular cell
has ruptured, downstream lysing elements (Fig. 1, 106) may be deactivated.
Such deactivation of downstream lysing elements (Fig. 1,106) conserve energy
as lysing elements are not needlessly operated as a cell is already lysed.
Moreover, deactivating the lysing elements (Fig. 1, 106) may preserve the
sample. That is, additional lysing operations may contaminate, alter, or
otherwise harm a lysed sample.

[0094] With information collected from the various sensors (Fig. 1, 108) of
the cellular analytic system (Fig. 1, 100), a rupture threshold for the cell is
determined (block 1104). This may be performed as described above in
connection with Fig. 2. In some examples, the method (1100) includes
providing (block 1105) a notification of a lysing result for each lysing element
(Fig. 1, 106). Thatis, if a particular lysing element (Fig. 1, 106) successfully
lyses the cell, a notification may be provided (block 1105). The notification may
be of varying types and complexity. For example, the notification may be a
printout indicating the cells rupture threshold or strength. In another example,
the notification may include detailed information on each agitation cycle. Such
notification provides even more information to an operator regarding the viability
or strength of a cell such that subsequent cellular analysis can be carried out.
[0095] Fig. 12 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of

the principles described herein. In the example depicted in Fig. 12, the cellular
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analytic system (100) includes multiple parallel chambers (Fig. 1, 104). The
multiple parallel chambers (Fig. 1, 104) facilitate the processing of more cells.
For example, rather than analyzing a single cell at a time, the cellular analytic
system of Fig. 12 includes three chambers (Fig. 1, 104) and three respective
main pumps (428-1, 428-2, 428-3), lysing elements (106-1, 106-2, 106-3),
sensors (108-1, 108-2, 108-3), and return pumps (312-1, 312-2, 312-3) to
process three cells at the same time as they pass from the inlet (314) to the
outlet (316). Note that in this example, the different distinct lysing elements
(106) may be of different types and/or sizes. While Fig. 12 depicts an example
with one lysing element (106) per chamber (Fig. 1, 104), in some examples, the
parallel chambers may have multiple lysing elements (106) as depicted in Figs.
7-10.

[0096] Fig. 13 is a diagrammatic representation of a cellular analytic system
(100) for cell rupture threshold determination, according to another example of
the principles described herein. In this example, the cellular analytic system
(100) includes branched chambers (104-1, 104-2, 104-3, 104-4, 104-5, 104-6,
104-7). Note that as the fluid passes to each chamber (104) a cross-sectional
area of the chamber (104) decreases. In this example, the reduction in the
cross-sectional are of the chamber (104) acts as the agitation mechanism with
increasingly smaller cross-sectional areas representing an increased lysing
intensity. Using branched chambers (104) as depicted in Fig. 13 may reduce
the overall fluidic resistance of the cellular analytic system (100) such that a
lower pressure main pump (428) may be implemented.

[0097] In summary, using such a cellular analytic system 1) allows analysis
of the cell rupture threshold; 2) leads to cell classification/differentiation based
on the cell rupture threshold; 3) automates precision separation and cytometry
4) can be integrated onto a lab-on-a-chip device; 5) is scalable and can be
parallelized, and 6) is low cost and effective. However, the devices disclosed
herein may address other matters and deficiencies in a number of technical

areas.
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CLAIMS

What is claimed is:

1. A cellular analytic system, comprising:
an analytic device, comprising:
a chamber to receive a cell to be analyzed;
at least one lysing element to agitate the cell; and
at least one sensor to detect a change in the cell based on an
agitation of the cell; and
a controller to determine a rupture threshold of the cell based on

parameters of the agitation when a cell membrane ruptures.

2. The system of claim 1, wherein:

the analytic device further comprises a return pump to return an un-
ruptured cell to the chamber;

the at least one lysing element comprises a single lysing element to
expose the cell to repeated agitation cycles until the cell ruptures; and

the controller determines the rupture threshold of the cell based on a

count of how many agitation cycles the cell is exposed to until rupture.

3. The system of claim 2, wherein the single lysing element is to increase

an agitation intensity with sequential agitation cycles.

4. The system of claim 1, wherein the chamber comprises:
multiple sequential lysing elements; and

at least one sensor per lysing element.
5. The system of claim 4, further comprising at least one of:

a constriction between adjacent lysing elements; and

sequential lysing elements exhibit increasing agitation intensities.
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6. The system of claim 1, wherein:

the at least one sensor is selected from the group consisting of:
an impedance sensor;
an optical scatter sensor,
an optical fluorescence sensor;
an optical bright field imaging system;
an optical dark field imaging system; and
a thermal property sensor,

the at least one lysing element is selected from the group consisting of:
a thermal inkjet heating resistor;
a non-reversible electroporation electrode;
a piezo-electric device; and

an ultrasonic transducer.

7. A method, comprising:

receiving a cell to be analyzed at a cellular analytic system;

exposing the cell to repeated agitation cycles with increasing intensity
until the cell ruptures; and

determining, based on a number of agitation cycles and an intensity of

each agitation cycle, a rupture threshold of the cell.
8. The method of claim 7, further comprising controlling downstream lysing
elements of the cellular analytic system based on a lysing result of a previous

lysing element.

S. The method of claim 7, wherein exposing the cell to repeated agitation

cycles comprises looping the cell past a single lysing element.

10.  The method of claim 7, wherein exposing the cell to repeated agitation

cycles comprises moving the cell past multiple lysing elements.
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11.

The method of claim 7, further comprising providing a notification of a

lysing result of each lysing element.

12.

13.

A cellular analytic system, comprising:
an analytic device, comprising:

at least one chamber to receive a cell to be analyzed,;

at least one lysing element; and

at least one sensor per lysing element to determine when the cell
ruptures, wherein the analytic device repeatedly agitates the cell with
increasing intensity until the cell ruptures;

a main pump to move the cell through the analytic device; and
a controller comprising:

a count determiner to determine a number of agitation cycles until
cell rupture;

an intensity determiner to determine an intensity of each of the
number of agitation cycles;

a threshold determiner to determine a rupture threshold of the cell
based on the number of agitation cycles until cell rupture and the
intensity of each of the number of agitation cycles; and

a component controller to alter operation of at least one

component of the analytic device based on a cell rupture.

The system of claim 12, wherein the at least one chamber comprises at

least one of:

14.

multiple parallel chambers; and

branched chambers.

The system of claim 12, wherein:

the analytic device comprises a single cell presence sensor to detect a

cell presence within the chamber; and

all lysing elements are activated based on a determined cell presence by

the single cell presence sensor.
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15. The system of claim 12, wherein:

the analytic device comprises a cell presence sensor per lysing element
to detect a cell presence adjacent a respective lysing element; and

a lysing element is activated based on a determined cell presence by a

respective cell presence sensor.

29



WO 2020/159537

1113

Cellular Anaiytic System
100

Analytic Device
102

Chamber
104

Lysing Element
106

Sensor -

108

Controller
110

PCT/US2019/016321



WO 2020/159537

200 \

2113

Receive a cell to be
analyzed at a cellular
analytic system
201

Expose the cell 10 repeated
agitation cycles
202

Determine a ruplure
threshold of the cell
203

PCT/US2019/016321



WO 2020/159537 PCT/US2019/016321

313

JRR— .
\ J
104 -~
Controller
119
Count Determiner Component
320 Controller
- 324
. . Threshold
Entensﬁyg%gtermmer Determiner
o 326




WO 2020/159537 PCT/US2019/016321

4113
100 \\
316
314 A8 318 1&{:2 108 415 \
\ [

Nl \

\

104

Controlier
119




WO 2020/159537 PCT/US2019/016321

513

100 \

3186
314 102 498 532 530 108 312

oy [ \

\ \

\ \

~eud |
Asen)

104

Controlier
119




WO 2020/159537 PCT/US2019/016321

6/13
1@@\
634
31\4 1§2 ios 532 530 108 549 31\?
s
\ \
1 LT
i1
AN Y
/

104

Controlier
119




WO 2020/159537

100 \

108-1

314 428 832 .o

|

106-2

|

108-2

108-3

713

108-3

|

108-4

108-4

|

108-5

108-5

|

108-6

PCT/US2019/016321

108-6

|

106-7

|

108-7

|

316

\\\

}

|
|

|
|

102

104

Controlier
148




WO 2020/159537 PCT/US2019/016321

100 \ 8113

108-1 108-2 108-3 108-4 108-5 108-6 108-7

31\4 428 532 106-1 { 106-2 { 1055—3 [ 1oia_4 l 126_5 l 10EEE~6 l 10;6"7 i 316

g

“‘ \\K\\\\\\\

st

102 104
Controlier
118




WO 2020/159537

100 \\

913

108-1 108-2 108-3

314 428 532
106-1 106-2 /
A

108-3 l 108-4
i {

108-4

|

108-5
{

108-5

\{‘ 108-6 \ 106-7

PCT/US2019/016321

108-6

108-7

316

|

N

\\

\\

i

Controlier
148




WO 2020/159537 PCT/US2019/016321

100 \ 10113

108-1 108-2 1083 108-4  108-5 108-6 1087
31\6 ‘§24 ;26 1(;6_1/ 106-2 | 108-3 i 106-4 l 106-5 \ 106-6 \\ 106-7 \ 318
AV VAN
4
7 7 I 7 i i 1
AV RS
iy M ] i

Controlier
118

Fig. 10




WO 2020/159537

’E‘EQO\

11/13

Receive a cell fo be
analyzed at a cellular
analytic system
1101

;

Expose the cell {o repeated
agitation cycies with
increasing intensily

1192

;

Control down stream lysing
elements based on lysing
results of previous lysing

elements
1103

;

Determine a ruplure
threshold of the cell
1104

,

Provide notification of a
lysing result
1105

PCT/US2019/016321



WO 2020/159537 PCT/US2019/016321
12143
100 \
;14 316
s 428-1 1881 50 J
106-1 \\ (
[ /
] /; | 3
i
108-2
428-2 106-2 \ 312-2
V4 [/ : \
{ / N
/s / |
i
] 108-1
4583 106-3 {3128
// i
/ /
4 /s




WO 2020/159537 PCT/US2019/016321

13/13
100 \
104-4
314 104-2 //
[ [
J J
104-1
/’ ‘
7
104-5  104-6
\) 104-3 7
428 [
Y

104-7




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2019/016321

A. CLASSIFICATION OF SUBJECT MATTER

C120 1/68 (2018.01)
C120Q 1/6806 (2018.01)
CI12M 1/34 (2006.01)
CI12M 1/36 (2006.01)
CI12M 3/00 (2006.01)
B81B 1/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CI12M 1/34, 1/36, 3/00, C12Q 1/68, 1/6806, B81B 1/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Espacenet, USPTO, PatSearch (RUPTO Internal), PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2017/184178 Al (HEWLETT-PACKARD DEVELOPMENT COMPANY,
X L.P.) 26.10.2017, paragraphs [0011]-[0016], [0020]-[0030], [0038]-[0039], figs 1,4-8, 10-15
Y 2,3,9
Y US 2011/0059556 Al (THE RESEARCH FOUNDATION OF STATE 2,3,9
UNIVERSITY OF NEW YORK) 10.03.2011, paragraphs [0012]-[0017], [0031]-
[0049], [0059]-[0064], fig. 6
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

30 September 2019 (30.09.2019)

Date of mailing of the international search report

31 October 2019 (31.10.2019)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
A. Silkin

Telephone No. (495) 531-64-81

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report

