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(54) Device and method for assessing the status of cells in a biological fluid

(57) A device for assessing the status of a fluid con-
taining cells of mammalian origin, the device comprises
a cartridge (2) having an enclosed fluidic channel (28),
an assay area (22) disposed within the fluidic channel
(28) which is covered by at least one agent capable of
selectively recruiting at least one type of cell contained
within the mammalian fluid, an inlet port (25) for the fluidic
channel, an outlet port (24) for the fluidic channel and a
piercing means (51) adapted for connecting to a sealed
container (4) containing the cell containing fluid by punc-
turing the container. The inlet port and piercing means
are adapted to provide fluid communication between the
fluidic channel and the sealed container when the sealed
contained is punctured by the piercing means. The outlet
port is adapted for fluid communication with a syringe (3)
such that actuation of the syringe provides controlled flow
of fluid over the assay area to achieve desired physio-
logical shear stress conditions for the type of cell being
recruited at the assay area. The cartridge is adapted for
integration with a read out instrument for acquiring optical
signal at the assay area of the channel.



EP 2 514 528 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The invention provides a device for work with
cell-containing fluids comprising a cartridge having an
enclosed fluidic channel with an assay area upon which
or upon some fraction of which is disposed an agent ca-
pable of selectively recruiting at least one type of cells
contained within the fluid.

Background of the invention

[0002] The invention is a direct improvement on prior
inventions described in US6770434 and US7122301.
The inventions in US6770434 and US7122301 describe
the biological assay method for accessing biological cell
adhesion in microfluidic biochips. The prior-art inventions
US6770434 and US7122301 further describe a biologi-
cal assay method of coating the internal bore of micro-
channel by ligand and delivering the cell containing sam-
ple through the microchannel at the steady flow rate and
observing cell rolling, adhesion, migration of cell caused
by a specific ligand coating the microchannel. These as-
says replicate physiological shear-stress environment
found in the human circulatory system. However, the mi-
crochannel biochips described in US6770434 and
US7122301 are not suitable for applications in a hospital
environment and clinical research, as they does not pro-
vide easy-to-use disposable device and the handling of
a sample by a user is complicated.
[0003] It is an object of the invention to overcome at
least one of the above-referenced problems.

Statements of Invention

[0004] Broadly, the cartridge of the invention includes
an inlet port and outlet port in fluid communication with
the fluidic channel such that a flow of the fluid can be
established through the channel. The outlet port com-
prises a piercing means capable of piercing a cover of a
container for the fluid and establishing direct fluid com-
munication between the container and the fluidic chan-
nel. Thus, when the container is a vacutainer (which re-
ceives blood directly from a patient), the blood is trans-
ferred directly from a patient to a vacutainer and then
directly into the device for analysis. Thus, risk of contam-
ination of the blood is minimized. The inlet port is adapted
for fluid communication with a syringe, which can be ac-
tuated to provide flow of fluid across the assay area in
both directions. Thus, a diagnostic assay can be carried
out on a cell-containing fluid in a simple, safe and prac-
tical manner that involves directly engaging the container
(for example, a vacutainer) with the piercing means, di-
rectly engaging a conventional syringe with the inlet port,
and actuating the syringe to establish a flow of cell-con-
taining fluid across the assay area. Further, the provision
of the piercing means within a well adapted to receive

the container facilitates engagement between the con-
tainer and the piercing means, and additionally prevents
a user injuring themselves.
[0005] Accordingly, the invention provides a planar
cartridge suitable for performing diagnostic studies of a
fluid containing cells of mammalian origin, the cartridge
comprising:

- an enclosed fluidic channel (28);
- an assay area (22) disposed within the fluidic chan-

nel and at least partially covered by at least one agent
capable of selectively recruiting at least one type of
cell contained within the fluid;

- an inlet port (25) for the fluidic channel, the inlet port
comprising a well (5) disposed on a top of the car-
tridge for receipt of a sealed container (4) containing
the cell containing fluid and piercing means (52)
adapted to pierce the sealed container when it is
inserted into the well and provide fluid communica-
tion between the sealed container and the enclosed
fluidic channel; and

- an outlet port (24) for the fluidic channel disposed
on the top of the planar cartridge, the outlet port
adapted to engage with a fluid outlet of a syringe in
a fluidically tight manner.

[0006] Typically, the piercing means (52) is a hypoder-
mic needle, although other forms of piercing means are
envisaged. Ideally, the piercing means (52) is located
within the well (5). This ensures that the piercing means
is not exposed and therefore avoids accidental injury to
users caused by the piercing means.
[0007] Suitably, the fluidic channel comprises a liquid.
[0008] Suitably, the planar cartridge comprises a base
plate coupled to a cover plate in a fluidically tight manner
such that the fluidic channel and assay area is defined
therebetween, wherein the inlet port and outlet port are
provided on the cover plate.
[0009] Suitably, a seal is formed between the base
plate and the cover plate of the cartridge, which seal is
suitably achieved by means of a gasket, ideally an elas-
tomeric gasket, positioned between the two plates.
[0010] Ideally, the cover plate and/or the base plate,
or at least the portion of the cover and/or base plates
which comprise the assay area, are optically transparent
plate. Suitably, the cover and/or base plate have a thick-
ness of 0.05 mm to 10 mm.
[0011] Typically, the fluidic channel is 20 micron to 10
mm wide. Generally, the fluidic channel is 10 micron to
1 mm deep.
[0012] In one embodiment, the planar cartridge of the
invention is disposable.
[0013] In a preferred embodiment, the outlet port com-
prises a seal adapted to be broken when the outlet port
engages with a fluid outlet of a syringe.
[0014] Generally, the device includes a barrier sepa-
rating the buffer liquid from the fluidic channel that is ca-
pable of being broken immediately before the start of the
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assessment of the fluid. The barrier may be, for example,
a membrane or film of polymer material which is disposed
in the device in such a manner such that upon actuation
of the syringe the barrier is breached. For example, the
barrier could be a membrane disposed on the cartridge
at the mouth of the inlet port.
[0015] The container for the cell-containing fluid is a
container of the type having an opening closed with a
piercable cover (i.e. a cover which can be pierced with a
piercing means such as a needle), and ideally is a vac-
uum suction container suitable for collection of blood from
a mammal. An example of such a container is a vacu-
tainer. The device includes a piercing means in fluid com-
munication with the outlet port. The piercing means gen-
erally comprises a hollow shaft with a sharp tip; an ex-
ample of a piercing means is a hollow needle, ideally a
hypodermic needle. The piercing means is typically
sealed with a cover (for example a polymer cap) to pre-
vent the leakage of buffer liquid from the interior of the
cartridge.
[0016] Suitably, assay area provides an essentially tor-
turous for the flow of fluid, thus being capable of altering
the characteristics of cell recruitment at the assay area.
[0017] In a preferred embodiment, the agent (the agent
capable of selectively recruiting at least one type of cell
contained within the mammalian fluid) is a ligand capable
of inducing specific binding to the type of cells to be re-
cruited. Generally, the agent may be a chemical, a com-
pound, a metal, or a biological material such as a protein,
a nucleic acid, a complex (i.e. a proteosome), a steroid
howmone, or a cell. Examples of proteins include cell
surface receptors, antibodies or antibody fragments, or
antigens or antigenic determinants. Examples of chem-
icals include drugs, agonists or antagonists of cell curface
receptors, and the like.
[0018] Suitably, the assay area contains at least one
electrode incorporated into it for the detection of the cell
recruited from the cell containing fluid.
[0019] The invention also provides a kit comprising a
planar cartridge of the invention and a syringe having an
outlet, wherein the outlet of the syringe and outlet port of
the cartridge are optionally adapted for relative engage-
ment in a fluidically tight manner.
[0020] Typically, the syringe comprises a buffer liquid,
that optionally includes a normalizing agent for reversing
the action of an anti-coagulant on a blood product, and/or
a fluorescent agent.
[0021] The invention also provides a kit of the invention
in an assembled form in which the outlet of the syringe
is coupled with the outlet port of the cartridge in a fluidi-
cally tight manner.
[0022] Suitably, the syringe is coupled to a shaft of an
automated driver thus forming a pump.
[0023] Optionally, the kit of the invention includes a
syringe displacement actuator capable of providing a
controlled flow of fluid through the fluidic channel. Exam-
ples of suitable syringe displacement actuators include
a servo-motor or a stepper motor which can provide me-

chanical displacement of the syringe plunger in a con-
trolled manner and preferably aided by electronic micro-
controller. Typically, the actuator can provide for the
plunger movement in both, forward and reverse direc-
tions, the timing and the speed of the plunger advance-
ment are controlled. There are numerous practical em-
bodiments of this actuator possible as will be appreciated
by those skilled in the art. Other types of mechanical ac-
tuators are also possible, including e.g. a solenoid actu-
ator.
[0024] The invention also provides a method for per-
forming diagnostic studies of a cell-containing fluid of
mammalian origin, which method employs a planar car-
tridge of the invention, the method comprising the steps
of:

- coupling of a sealed container (4) containing the cell-
containing fluid with the inlet port (25) of the cartridge
(2) by means of the piercing means (51) puncturing
the container;

- coupling a syringe having a fluid outlet to the outlet
port of the planar cartridge such that a fluid tight seal
is established between the outlet port and the syringe
fluid outlet;

- actuating the syringe (3) to establish a flow of cell-
containing fluid from the sealed container through
the fluidic channel (28) over the assay area (22); and

- monitoring the binding of the at least one type of cell
from the cell containing fluid to the assay area.

[0025] The invention also provides a method for per-
forming diagnostic studies of a fluid containing cells of
mammalian origin, which method employs a kit of the
invention, the method comprising the steps of:

- coupling of a sealed container (4) containing the cell-
containing fluid with the inlet port (25) of the cartridge
(2) by means of the piercing means (51) puncturing
the container;

- coupling the syringe to the outlet port of the planar
cartridge such that a fluid tight seal is established
between the outlet port and the syringe fluid outlet;

- actuating the syringe (3) to establish a flow of cell-
containing fluid from the sealed container through
the fluidic channel (28) over the assay area (22); and

- monitoring the binding of the at least one type of cell
from the cell containing fluid to the assay area.

[0026] Suitably, the syringe comprises a liquid (prior
to start of the assay), and wherein the step of actuating
the syringe comprising the sequential steps of:

- actuating the syringe to pump the liquid from the sy-
ringe into the sealed container to mix with the cell-
containing fluid; and

- actuating the syringe to withdraw a mixture of liquid
and cell-containing fluid from the sealed container
and establish flow of the mixture through the fluidic

3 4 



EP 2 514 528 A1

4

5

10

15

20

25

30

35

40

45

50

55

channel.

[0027] Suitably, the liquid in the syringe is a buffer liq-
uid, that optionally contains a fluorescence agent, and/or
a normalizing agent for reversing the action of an anti-
coagulant on a blood product.
[0028] The term "diagnostic studies" should be under-
stood to mean quantitative and qualitative studies of the
cells within the fluid, and of the fluid itself. The term in-
cludes for example determining the type and/or amount
of cells present in the fluid, the phenotype of the cells (for
example whether the cells express certain receptors),
the activity of the cells (for example the reactivity of plate-
lets), or the response of the cells to certain stimuli. Other
diagnostic studies of the cells or the fluid will be apparent
to those skilled in the art.
[0029] Ideally, the syringe is adapted for actuation by
a syringe displacement actuator. Thus, in one embodi-
ment of the method of the invention, the syringe is actu-
ated by a syringe displacement actuator.
[0030] Typically the plunger of the syringe is actuated
to provide the desired level of shear stress at the assay
area.
[0031] Suitably, the monitoring measures the cell bind-
ing for various values of the shear stress at the assay
area.
[0032] Generally, the monitoring is achieved by an op-
tical microscope.
[0033] Ideally, prior to the test, the syringe contains
buffer liquid and the said buffer liquid is injected into the
sealed container. Typically, the buffer liquid injected into
the sealed container contains fluorescence staining
agent. Typically, the fluorescence signal within the assay
area is measured. Suitably, the fluorescence agent can
bind specifically to a particular type of cells. Typically,
fluorescence agent can only bind to cells in a specific
physiological condition. Peferably, the physiological con-
dition is activation of specific cell receptors, for example,
platelet cell surface 2b3a integrin receptors that are ac-
tivated during thrombosis.
[0034] Suitably, the buffer liquid contains a normalizing
control agent that can counteract effects of anticoagu-
lants present in the cells containing fluid thus allowing
the fluid to regain normal coagulation characteristics.
Preferably, the anticoagulant is present in the sealed con-
tainer at the time of cell sample collection, whilst the nor-
malizing agent is present in the syringe or in the cartridge
or both. Suitably, actuation of the syringe plunger enables
the repetitive movement of the fluid between the sealed
container and the syringe.
[0035] Typically, the time required for achieving the
desired level of cell recruitment is monitored.
[0036] Generally, a number of cells recruited within the
assay area is measured.
[0037] Preferably, an area covered by the cells recruit-
ed within the assay area is measured.
[0038] Suitably, the movement of the syringe plunger
is slow enough to ensure that the flow of fluid within the

channel is proportional to the linear velocity of the plung-
er.
[0039] Generally, the maximum plunger velocity is de-
fined taking into account the dimensions of the channel
and the ability of the fluid to flow.
[0040] Suitably, a cavity free from fluid is formed in the
syringe and the flow velocity of fluid in the channel is
measured by taking into account movement of the sy-
ringe plunger and/or the increase in the volume of the
cavity.

Brief Description of Drawings

[0041] The invention will be more clearly understood
for the following description of some embodiments there-
of given by way of example only with reference to the
accompanying drawings in which:

Figure 1. Isometric view of the device comprising
cartridge, syringe and sealed container.

Figure 2. Isometric exploded view of the cartridge.

Figure 3. Side exploded view of the cartridge.

Figure 4. Top view of the cartridge base plate with
an example of assay area layout.

Figure 5. Top view of the cartridge base plate with
an example of torturous channel and assay areas.

Figure 6. Top view of the cartridge base plate with
an example of flow restrictors in the channel and
assay areas.

Figure 7. Side view of the cartridge base plate with
an example of flow restrictors in the channel and
assay areas.

Figure 8. Device with details of the means for cou-
pling of sealed container and syringe to the cartridge.

Figure 9. Isometric view of the cartridge, syringe and
the sealed container connection means.

Figure 10. Side view of the device , microscope ob-
jective and syringe actuator.

Figure 11. Details of readout device monitoring vol-
ume of cavity above the syringe plunger.

Figure 12. Details of the means for coupling of sealed
container and syringe to the cartridge containing pol-
ymer membrane.

Description of the preferred embodiments

[0042] The invention can be best understood from the
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description of the following drawings showing a number
of embodiments. The embodiments given do not form an
exhaustive list but rather are examples.
[0043] Fig 1 shows an embodiment of the device indi-
cated by a numeral (1). It comprises the cartridge (2), the
syringe (3) and the sealed container (4). The cartridge
(2) comprises the base plate (20) and the cover plate
(21). In this embodiment, the cartridge further comprises
the syringe connection means (6) and sealed container
connection means (5) connected in fluid-tight manner to
the cover plate (21). The syringe connection means (6)
is designed in the way that it is capable of receiving and
of providing a fluid-tight seal with the syringe (3). In one
embodiment the sealed container connection means (5)
is equipped with the piecing means such as hypodermic
needle capable of fluidic coupling and providing fluid tight
seal with sealed container (4). We may use the terms
needle or hypodermic needle throughout this specifica-
tion to signify practical examples of piercing means. Oth-
er embodiments of piercing means can be also used with
the invention as will be appreciated by those skilled in
the art.
[0044] Embodiments with multiple sealed container or
multiple syringes are also possible. They are not present-
ed in the specification for brevity.
[0045] Fig 2 shows an exploded view and fluidic con-
nections of cartridge (2) and also the design of its interior
and exterior. The base plate (20) is a plate of polymer
such as polystyrene or glass, preferably transparent in
the optical frequency range. The base plate could be in
the thickness range of some 0.05 to some 2 mm. The
cover plate (21) is also a plate of polymer such as poly-
styrene or glass preferably transparent in the optical fre-
quency range. The cover plate could be in the thickness
range from 0.05 mm to 5 mm. The cartridge sealing
means (23) could comprise gasket of soft polymer ma-
terial such as PDMS (Polydimethylsiloxane) or other suit-
able compressible materials. The gasket defines the
channel (28) terminated at two ports: inlet port (25) and
outlet port (24). Cartridge sealing means (23) could be
also arranged using embodiments other than those
based on compressible gasket. The outlet port (24) is
terminated in connector such as Luer connector or an-
other fluid-tight connector capable of receiving syringe.
The inlet port (25) is terminated in sealed container con-
nection means (5). In a typical embodiment the sealed
container connection means comprises a hypodermic
needle (piercing means) covered by a hypodermic nee-
dle seal. In some embodiments the hypodermic needle
(piercing means) could be placed inside the sealed con-
tainer holder (53) that is also forming a part of sealed
container connection means (5). The sealed container
holder (53) can securely accept the sealed container con-
taining blood sample. In a typical embodiment, the sealed
container containing blood sample is a vacuumed blood
sample collection container as commonly used in hospi-
tals for collection of blood samples from patients. Typi-
cally such blood collection containers are equipped with

a polymer cap that is punctured by a hypodermic needle
(piercing means) during the blood collection procedure.
[0046] Embodiments with multiple inlet ports (24) and
outlet ports (25) are possible. They are not presented in
the specification for brevity.
[0047] The width of the channel (28) can vary along
the length of the channel. This embodiment is not shown
for brevity. The change in the width of the channel leads
to change in the flow velocity of the cell containing fluid
as it moves along the channel and this in turn leads to
change in the cell recruitment characteristics.
[0048] The height of the channel (28) can vary along
the length of the channel. This embodiment is not shown
for brevity. The change in the height of the channel leads
to change in the flow velocity of the cell containing fluid
as it moves along the channel and this in turn leads to
change in the cell recruitment characteristics.
[0049] One could device embodiments with more than
two plates, or embodiments where the base plate or the
cover plate is an aggregate plate consisting of multiple
layers.
[0050] Fig. 3 shows side exploded view of the car-
tridge. In this embodiment the outlet port (24) is a Luer
connector firmly mounted on the exterior side of the cover
plate (21). The outlet port (24) is coupled to the interior
side of the cover plate (21) via the outlet port fluidic cou-
pling (26). Fig. 3 also shows the cartridge sealing means
(23) and base plate (20). The assay area (22) is shown
schematically on the surface of the base plate (20) facing
the cover plate (21).
[0051] Fig. 4 shows schematically layout of assay area
in one possible embodiment of the base plate. It shows
the inner surface of the base plate (20) and assay areas
(22a), (22b), (22c), (22d) preferably located within the
channel. The areas are preferably coated by different
agents capable of recruiting different cell types. Alterna-
tively, the areas could be covered by different concen-
trations of the same agent. The assay areas could be
relatively flat or they could also be substantially non-flat.
In this embodiment the assays area (22d) is substantially
flat and the assay area (22a) is substantially non-flat. The
assays area 22a is composed of protrusions, a part of
which or the whole is covered by an agent capable of
selectively recruiting cells. The non-flat assay area (22a)
alters the flow of liquid in the channel that may be desir-
able the increasing recruitment of certain types of cells
as the alteration in the flow leads to alteration in the shear
stress that is important for the cell recruitment. In this
particular embodiment there are also flow restrictors
(23e). The flow restrictors are positioned in proximity to
the assay area (22b). The flow restrictors (23e) may block
part of the channel’s cross-section and therefore may
alter the recruitment characteristics of the areas proximal
to the pillars. The shape of the flow restrictors, their size
and numbers could vary for various embodiments of the
device (1).
[0052] Fig. 5 shows the top view of the cartridge base
plate representing example of torturous channel and as-
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say areas. The figure shows the base plate (20) with po-
sition (25a) of the inlet port and position (24a) of the outlet
port. In this case the cartridge sealing means (23) defines
a non-straight channel (28). The embodiment shown in
Fig. 5 has two assay areas (22a) and (22b). They can be
substantially flat or substantially non-flat as discussed in
relation to the Fig. 4. They could be substantially contin-
uous or composed of sub-areas. The embodiment shown
in Fig. 4 presents each of the assay areas (22a) and (22b)
composed of nine sub-areas of circular shape.
[0053] Fig. 6 shows top view of the cartridge base plate
with an example of flow restrictors in the channel and
assay areas. In this embodiment the arrays of flow re-
strictors 927a), (27b), etc are positioned in between the
assay areas (2a), (22c), etc. or proximal to these.
[0054] Fig. 7 shows side view of the cartridge base
plate with an example of flow restrictors in the channel
and assay areas. Similar numerals are used as in previ-
ous figures.
[0055] Fig. 8 Shows details of the means for coupling
of sealed container and syringe to the cartridge for a pos-
sible embodiment of the device. The numerals in the fig-
ure that are identical to the ones in previous figures, de-
note the same elements as above. Syringe (3) that has
syringe plunger (30), is coupled to the outlet port (24) in
a hermetically tight manner. Sealed container connection
means (5) is comprised of a hypodermic needle (piercing
means) (52), covered by a hypodermic (piercing means)
seal (51) placed inside the sealed container holder (53).
The interior of the hypodermic needle (piercing means)
(52) is fluidically coupled to the interior of the channel
(28) via inlet port (25). In this embodiment that hypoder-
mic needle (piercing means) seal (51) is a polymer cup
that can the punctured when the sealed container is in-
serted into the sealed container holder (53). The sealed
container is not shown in Fig. 8.
[0056] Fig. 9 shows isometric view of the cartridge, sy-
ringe and the sealed container connection means. The
numerals in Fig. 9 are similar to the ones in Fig. 8 and
other prior figures.
[0057] Fig. 10 shows side view of the device, micro-
scope objective and syringe actuator. The device is
placed on XY translating stage (6) of a microscope. Pref-
erably the XY stage (6) is motorized and controlled by a
processor to increase the throughput of the system. The
entire microscope is not shown in Fig. 10, the objective
lense (8) is shown. The XY stage (6) allows positioning
the objective (8) an a desired point along the channel
(28). The syringe plunger is mechanically coupled to an
actuator (32), that is also preferably controlled by a proc-
essor. Sealed container is shown in Fig. 10. There is
space unfilled by the cell containing fluid (41) and other
liquids at the upper portion of the sealed container (4).
In Fig. 10 this space is marked as air bubble (42) but it
should be kept in mind that this space does not have
contain air. It could be a vacuumed space or space filled
with a particular gas. The pressure in that space is pref-
erably below the atmospheric pressure or equal to it. The

hypodermic needle (piercing means) that penetrated the
lower portion of sealed container (4), is not shown in Fig.
10.
[0058] Fig. 11 shows details of readout device moni-
toring volume of cavity above the syringe plunger. The
numerals similar to the ones in Fig. 10, have the same
meaning. One additional element in Fig. 11 is the air gap
detector (36) comprising of air gap sensor light emitting
diode (LED) (33) and the air gap sensor (34). There is
also air gap between the surface of the cell containing
fluid in the syringe (3) and the surface of the syringe
plunger (30), This gap may change depending on the
pressure within the sealed container (4), the hydraulic
resistance to the flow in the channel (28) and the speed
on movement of the syringe plunger (30). The air gap
detector (36) detects movement of the surface of the cell
containing fluid or buffer liquid within the syringe (3). The
liner velocity of the cell containing fluid within the channel
is measured from the linear velocity of the of the surface-
gas liquid within the syringe. The shear stress is deter-
mined from the linear velocity of fluid within the channel
and the dimensions of the channel using method familiar
to those skilled in the art of microfludics (see e.g. US
patents No 7,122,301 to Shvets et al and No 6,770,434
to Shvets et al).
[0059] Fig. 12 shows details of the means for coupling
of sealed container and syringe to the cartridge contain-
ing polymer membrane. In this embodiment there is a
polymer membrane (28a) placed proximal to the outlet
port. The membrane seals the channel (28). Depending
on the type of test to be carried out, the syringe 93) could
contain the buffer liquid before the start of the test or it
could also contain no liquid. Likewise the channel (28)
could contain liquid before the start of the test or it could
be dry. The membrane could be punctured by pressuriz-
ing the liquid in the syringe or it could be punctured by
fitting the syringe (3) into the connector of the outlet port
(24).
[0060] In some embodiments the syringe (3) and the
sealed container could be connected to the outlet port
(24) and the inlet port (25) by means of conduits, e.g. by
means of a flexible polymer tubing. These embodiments
are not shown in the specification for brevity.
[0061] In some embodiments, the assay area could
have electrodes incorporated into it. These electrodes
could be used as means to monitor the cell binding. The
layer of cells attached to the substrate could alter the
resistance between such electrodes.
[0062] The following is the description of the sequence
of steps that represents the typical method of testing cell
containing fluid. These are carried out using the device
described in Figures 1-12. Some of these steps are op-
tional and could be modified depending of the type of test
carried out and the specific embodiment of the device
available.

1. Forming an array or a microarray within an assay
area (22) on a biochip. The array is the array of one
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or a number of agents of capable of selectively re-
cruiting at least one type of mammal cells from the
fluids. If required, this array could be formed at a
manufacturing site and not at the laboratory site. In
this case, laboratory practician can retrieve the de-
vice containing the array formed appropriately for
the intended test, typically packed in a sealed pack-
age. The array could be formed by the device man-
ufacturer and supplied to the laboratories. The array
is formed on the inner surface of the base plate of
the device.

2.Attaching the base plate (20) to a cover plate (21)
preferably in a hydraulically tight manner using car-
tridge sealing means (23) e.g. elastic compression
ring. This needs to be done in such a way that the
assay area is located within the channel formed be-
tween the base plate (20) and the cover plate (21).

3.Taking blood from a patient using appropriate con-
tainer (4), e.g. container for blood collection known
in the industry as the Vacutaneous container or Va-
cutainer. Other types of blood collection containers
could also be used. In a typical embodiment, the cov-
er plate of the device has two female Luer connec-
tors. Piercing means, such as hypodermic needle
can be connected to one of them, the inlet port (25)
using male Luer connector. Typically, the sharp end
of the hypodermic needle (piercing means) is pro-
tected by a rubber sleeve.

4.Connecting syringe (3) filled with buffer liquid or
compensating liquid to the Luer connector at the out-
let port (24). The buffer is specifically selected for
the assay to be performed. The volume of the syringe
could be 0.1 ml-5 ml typically, but syringes with buffer
volumes outside this range are also possible. Typi-
cally, the cartridge (2) has at least one channel, one
inlet port (25) and one outlet port (24). Cartridges
comprising more than one channel or more than one
inlet port or more than one outlet port are also pos-
sible.

5.Connecting the sealed container (4) to the inlet port
of the cartridge so that the hypodermic needle (pierc-
ing means) punctures through the rubber plug of the
sealed container. In a typical embodiment the sealed
container(4) is pushed into the sealed container
holder (53) with the hypodermic needle (piercing
means) (52) inserted in the middle of the holder. By
doing so the soft cup of the sealed container is pen-
etrated by the hypodermic needle (piercing means).

6.Injecting the contents of the syringe (3) into the
sealed container (4). This could be done by hand or
alternatively this could be done by automated actu-
ator coupled to the syringe plunger (30). Shaking the
contents of the sealed container could be done to

achieve homogeneous mixing of the contents follow-
ing the injection of the contents of the syringe into
the sealed container. For some assays the there is
no requirement for the syringe to be filled with any
liquid before the start of the assay. For some tests
dry syringe could be utilized.

7.By injecting the contents of the syringe (3) through
the channel (28), the channel (28) gets wet which is
essential for performance of certain agents capable
of selectively recruiting at least one type of mammal
cells from the fluids.

8.Then the plunger (30) of the syringe (3) is pulled
back by taking the contents of the sealed container
into the syringe through the channel (28). In a typical
embodiment this is done slowly and the rate of the
plunger retraction is controlled. It is advantageous
to do it by means of syringe actuator controlled au-
tomatically and with the assistance of a computer
processor.

9.As the contents of the sealed container passes
through the channel (28) the attachment of the cells
to the areas of the chip is monitored. For example,
in some embodiments of the invention the number
of cells could be counted for different values of the
shear stress in the channel (28). The values of the
shear stress could be by controlled by means of the
speed of the syringe plunger (30) movement. This
monitoring can be achieved by placing the channel
(28) within the field of view of a microscope. The
objective of the microscope is facing into the assay
area (22). In some embodiments the cartridge (2)
could be placed on translation table of a microscope
so that different part of the assay area could be mon-
itored.

[0063] The invention is not limited to the embodiments
hereinbefore described which may be varied in both con-
struction and detail without departing from the spirit of
the invention.

Claims

1. A planar cartridge suitable for performing diagnostic
studies of a fluid containing cells of mammalian ori-
gin, the cartridge comprising:

- an enclosed fluidic channel (28);
- an assay area (22) disposed within the fluidic
channel and at least partially covered by at least
one agent capable of selectively recruiting at
least one type of cell contained within the fluid;
- an inlet port (25) for the fluidic channel, the inlet
port comprising a well (5) disposed on a top of
the cartridge for receipt of a sealed container (4)
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containing the cell containing fluid and piercing
means (52) adapted to pierce the sealed con-
tainer when it is inserted into the well and provide
fluid communication between the sealed con-
tainer and the enclosed fluidic channel; and
- an outlet port (24) for the fluidic channel dis-
posed on the top of the planar cartridge, the out-
let port adapted to engage with a fluid outlet of
a syringe in a fluidically tight manner.

2. A planar cartridge of Claim 1, in which the piercing
means (52) is a hypodermic needle.

3. A planar cartridge of Claim 1 or 2 in which the fluidic
channel comprises a liquid.

4. A planar cartridge of Claim 1, 2 or 3 in which the
piercing means (52) is located within the well (5).

5. A planar cartridge of any preceding Claim, in which
the planar cartridge comprises a base plate coupled
to a cover plate in a fluidically tight manner such that
the fluidic channel and assay area is defined there-
between, wherein the inlet port and outlet port are
provided on the cover plate.

6. A planar cartridge as claimed in any preceding Claim
which is disposable.

7. A planar cartridge as claimed in any preceding Claim
in which the outlet port comprises a seal adapted to
be broken when the outlet port engages with a fluid
outlet of a syringe.

8. A kit comprising a planar cartridge of any preceding
Claim and a syringe having an outlet, wherein the
outlet of the syringe and outlet port of the cartridge
are adapted for relative engagement in a fluidically
tight manner.

9. A kit as claimed in Claim 8 in which the syringe com-
prises a normalizing liquid suitable for reversing the
action of an anti-coagulant on a blood product.

10. A kit as claimed in Claim 8 or 9 in an assembled form
in which the outlet of the syringe is coupled with the
outlet port of the cartridge in a fluidically tight manner.

11. A kit as claimed in any of Claims 8 to 10 in which the
syringe is coupled to a shaft of an automated driver
thus forming a pump.

12. A method for performing diagnostic studies of a cell-
containing fluid of mammalian origin, which method
employs a planar cartridge of any of Claim 1 to 7,
the method comprising the steps of:

- coupling of a sealed container (4) containing

the cell-containing fluid with the inlet port (25) of
the cartridge (2) by means of the piercing means
(51) puncturing the container;
- coupling a syringe having a fluid outlet to the
outlet port of the planar cartridge such that a
fluid tight seal is established between the outlet
port and the syringe fluid outlet;
- actuating the syringe (3) to establish a flow of
cell-containing fluid from the sealed container
through the fluidic channel (28) over the assay
area (22); and
- monitoring the binding of the at least one type
of cell from the cell containing fluid to the assay
area.

13. A method for performing diagnostic studies of a fluid
containing cells of mammalian origin, which method
employs a kit of any of Claims 8 to 11, the method
comprising the steps of:

- coupling of a sealed container (4) containing
the cell-containing fluid with the inlet port (25) of
the cartridge (2) by means of the piercing means
(51) puncturing the container;
- coupling the syringe to the outlet port of the
planar cartridge such that a fluid tight seal is es-
tablished between the outlet port and the syringe
fluid outlet;
- actuating the syringe (3) to establish a flow of
cell-containing fluid from the sealed container
through the fluidic channel (28) over the assay
area (22); and
- monitoring the binding of the at least one type
of cell from the cell containing fluid to the assay
area.

14. A method as claimed in Claim 12 or 13 in which the
syringe comprises a liquid, and wherein the step of
actuating the syringe comprising the sequential
steps of:

- actuating the syringe to pump the liquid from
the syringe into the sealed container to mix with
the cell-containing fluid; and
- actuating the syringe to withdraw a mixture of
liquid and cell-containing fluid from the sealed
container and establish flow of the mixture
through the fluidic channel.

15. A method as claimed in Claim 14 in which the liquid
in the syringe is a normalizing liquid suitable for re-
versing the action of an anti-coagulant on a blood
product.
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