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WO 2011/078784 PCT/SE2010/051473

DEVICE AND METHOD FOR BIOLOGICAL SAMPLE PURIFICATION AND
ENRICHMENT

Field of the Invention
The invention relates to the field of biological sample purification. More specifically,
the invention relates to devices and methods which can separate trace target cells

from a fluid sample having a plurality of other cells and/or contaminants.

Background of the Invention

Efficient and effective separation of various components in a biological sample is
essential for many areas of research and medicine. Many liquid samples comprise
a plurality of celis and/or contaminants of little or no interest, and very few cells of
interest for further evaluation. Thus, being able to separate large numbers of
normally-occurring cells such as blood or epithelial cells from trace numbers of

target cells is desired.

A number of technologies are available in the art to address this need. For
example, it is known to pass a fluid sample through a filter thus purifying certain
components of the sample. US 7,494,809 B2 discloses an automated process in
which a fluid biological sample is passed through a series of filters and treated with

reagents in order to provide a stained, enriched cell population for evaluation.

One cell population which can be of interest is circulating tumour cells or CTC.
This because the greatest risk for mortality among cancer patients is often not the
original malignant tumour, but the formation of metastases in tissues or organs
distant from the primary tumour. Small numbers of cells can break free from the
primary tumour and enter the circulatory system, becoming CTC. While the
majority do not survive, some not only survive, but at some point translocate

across the endothelial wall, establishing a new tumour in the surrounding tissue.

CTC detection has largely depended upon antibody-based positive selection.

However, this technique is limited to available antibodies against known tumour
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cell biomarkers. One way to address this shortcoming is filtration technology.
Filters particularly suited to separating circulating tumour cells from a sample have
been described, see for example Published Patent Application US 2006/0254972
A1l.

However, despite the available techniques, there remains a need in the art for
devices and methods which offer efficient and effective purification and enrichment

of components in a liquid biological sample.

Summary of Invention
Therefore, it is an object of the present invention to provide devices and methods
which offer efficient and effective purification and enrichment of components in a

liquid biological sample.

As noted above, by using present technologies one may be faced with one or

more problems in evaluating a sample, including low target cell density,

- contamination, and a need for specialised training or equipment to observe non-

native cells. Furthermore, the shortcomings of existing technologies can require
expensive and time consuming, possibly painful, re-sampling. Delays in diagnosis
can affect patient outcome, as prompt and precise detection of CTCs with

metastatic potential can drastically increase survival rates.

Although removing CTC from the bloodstream of a patient can be of use, it is of far
greater benefit if the removed cells are in sufficiently good condition to be
analysed. This analysis not only confirms the target cells were present in the
sample, it may be useful in other ways, e.g. to help predict the potential course of

a disease.

The present invention meets this need where the present technology fails by not
only separating target cells from a plurality of other cells and/or contaminants in a
liquid sample, but by providing the purified, enriched target cell population in a

relatively native state.
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Yet another benefit of the present invention may be the provision of faster
diagnostic information. Because the invention allows for a rapid separation of
target cells, and offers those cells in a native state, the time from sample-taking to
target cell analysis is minimised. The effectiveness of the invention can also

reduce the need for expensive and time-consuming repeat sampling.

Via a physiological process including a series of liquid transfer steps through an
agitating filter, the target cells are effectively and efficiently removed from the
greater sample and provided in a native state. A further benefit of the present
invention is that the non-target components of the sample are also preserved in
their native state. In many cases these components are also of interest. A device
and method which allows for observation and analysis these components as well

is therefore an even greater advance in the art.

According to a first embodiment of the invention, a device for sample purification
and enrichment comprises a filtration unit having a first side and a second side
and comprising an agitator, a sample input in elective fluid communication with the
first side of the filtration unit, a first liquid reservoir in elective fluid communication
with the first side of the filtration unit, a first suction means having a first suction
reservoir and in elective fluid communication with the first side of the filtration unit,
a second liquid reservoir in elective fluid communication with the second side of
the filtration unit, a pressure measurer in fluid communication with the second side
of the filtration unit and having a flow stop ability, and a second suction means in

elective fluid communication with the second side of the filtration unit.

The second suction means can have a second suction reservoir. At least one of
the first suction means and the second suction means can be a peristaltic pump.

The pressure measurer flow stop ability can involve a clamp or a piezo-electric

membrane.

According to another embodiment of the invention, a cartridge for use in the
inventive device is provided which comprises a filtration unit having a first side and
a second side and comprising a filter and being connectable to an agitator, a

sample input tube in fluid communication with the first side of the filtration unit, a
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first liquid reservoir tube in fluid communication with the first side of the filtration
unit, a first suction reservoir tube in fluid communication with the first side of the
filtration unit, a second liquid reservoir tube in fluid communication with the second
side of the filtration unit, and a second suction tube in fluid communication with the
second side of the filtration unit, wherein the cartridge has at least one access

point for a pressure measurer.

In such an embodiment the filtration unit can comprise an agitator.

According to a further embodiment of the present invention, a method of purifying
a sample is provided which comprises the steps of providing a sample to a sample
input in fluid communication with a first side of a filter, applying suction to a second
side of a filter to draw fluid from the sample input through the filter until a pre-
determined pressure is measured, placing the second side of the filter in exclusive
fluid communication with a reservoir containing a liquid, applying suction to the first
side of the filter to draw fluid from the reservoir through the filter, and collecting the
fluid drawn from the reservoir through the filter in a container. The filter is subject
to agitation during at least a significant portion of the process and the purified

sample is collected in the container.

In such a method the pre-determined pressure can be in the range of
approximately 130-150, preferably 135-145, even more preferably 140 mm H,O

when measured using a water column.

While the benefits of the invention described herein often cease by noting the
purified and enriched target cells can be analysed for morphology, it will be
obvious to a skilled person that there are a number of downstream applications
which are relevant to this technology. For example, assessing metastatic potential,
screening high-risk populations, diagnosing disease, predicting disease, predicting
treatment outcome including assessing drug sensitivity, monitoring a disease
state, monitoring response to therapy, optimizing treatment regimens, and

developing new therapies, to name a few.
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Unless otherwise noted, all technical and scientific terms used herein have the
same meaning as commonly understood by a skilled person. The equipment and

methods referred to generally are well-known and commonly employed in the art.

A sample can be from any source, such as an organism. A sample can include an
extract of a swab, a sputum, urine, or fecal sample, a wash of an internal bodily
area such as bronchial washes, cord biood, bone marrow aspirates, ascites fluid,
or internal or peripheral blood. It may comprise additives such as anticoagulants or

stabilisers.

A target cell is a specific type of cell of interest which may or may not be present in
the sample. Non-target cells are those which are preferably removed, even though

their analysis may be of interest.

A “filter” is a structure that comprises one or more openings or pores of a particular
dimension which allows the passage of particles smaller than that dimension to an
opposite side of the filter while preventing larger particles from passing through the
filter. It may be formed of any material, for example, plastics, ceramics, silicon,
metal, or glass. The filter may be microfabricated or micromachined, alternatively,
it may be a more conventional filter such as mono- or multi-fibrous filters made of
nylon, polycarbonate, celluloses, etc. A filter may be treated to alter its surface

properties, such as to increase hydrophilicity.

Herein, components and materials used in relation to the invention are often
described, explicitly or implicitly, as disposable. A skilled person will be aware of
the demands for sterility and decontamination for devices and methods of this sort,
which often weigh in favour of disposable materials. Furthermore, the time and
materials required for sterilisation and documentation of the same, and the risk for
error, generally make that route less advantageous. However, this should not in
any way be taken to preclude the use of re-useable materials when desired and

appropriate.
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Brief Description of the Drawings

Various aspects of the invention will be described by way of example with
reference to the accompanying drawings, in which:

Figure 1 is a schematic view of an embodiment of the invention;

Figure 2 is a schematic view of a further embodiment of the invention;

Figure 3 shows an untreated bladder washing sample;

Figure 4 shows the sample of Figure 3 after treatment according to the invention;

Figure 5 shows an untreated ascites sample; and

Figure 6 shows the sample of Figure 5 after treatment according to the invention.

Detailed Description

As described above, the invention relates to a device and method for sample
purification and enrichment. Referring by way of example to Figure 1, a device of
the invention 10 comprises a filtration unit 11 having a first side 12 and a second
side 13 and comprising an agitator (not shown). The first and second sides of the
filter 12, 13 are generally opposing, but not necessarily strictly opposite each
other. Depending on the configuration and placement of the actual filtration

material, the filter, their relative positions may be closer together or further apart.

Filtration unit 11 comprises a filter (not shown) which may be any suitable filter as
known in the art. The pore size of the filter should be selected based on a
consideration of both the target cells of interest and the predicted non-target cells
and/or contaminants expected to be in the sample. For example, when using a
device 10 of the invention to purify and enrich CTCs from samples including blood
cells, a filter size in the range of 10um is preferred. The size of the filter itself can
vary depending on the device and the purpose. In an embodiment of the invention
a standard commercial 22 mm diameter filter is used, and is capable of filtering
about 15,000 - 20,000 cells.

The agitator which is provided in conjunction with filtration unit 11 allows
mechanical vibration to be used during filtration to maximise efficiency and
precision of the device 10. Mechanical agitation in any direction (relative to the

overall orientation of the device) may be effective, however, agitation in a
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horizontal direction has been found to work particularly well with biological
samples in a device 10 of the invention. For example, agitating a filtration unit
which contains some headspace for gases in a back and forth horizontal motion
can result in the fluid within the filtration unit swirling in a circumferential motion.
This motion appears to be effective while at the same time gentle. Agitation in the
range of 1000-2000 Hz may be preferred. This range generally allows for effective
use of the entire surface area of the filter while not being so strong as to damage

or cause rupture to components in the sample.

In a device 10 of the invention, the various components are in fluid communication
with one another via a series of tubes 14. The broad range of uses of the device is
accompanied by a significant degree of choice in commercially-available tubing. It
will be preferred to employ materials which are inert with respect to biological
fluids and components thereof. Furthermore, the length and diameter, particularly
the inner diameter, of the tubing should be taken into consideration when
determining system parameters such as speed and pressure. In some cases it
may be preferred to use silicone tubing with an internal diameter in the range of 2

mm.

While described herein as generally flexible cylindrical forms, tubes 14 of the
invention can comprise non-flexible and/or non-cylindrical materials. For example,
glass or metal formed into cylinders or other shapes. The tubing serves the
purpose of conveying liquids from and between various components of the device
and as such a great deal of variety of forms may be used depending on the
chosen dimensions and configuration of the overall unit. Skilled persons will
appreciate that the inner dimensions of the tubes need be sufficiently large to
accommodate the cells in the sample, knowing that diameters which approach the
size of the cells may cause pulsing or other undesirable effects on fluid flow within

the device.

A plurality of selection means 15 are provided which allow selective fluid
communication between various components of the device. Selection means can
direct and stop fluid passage via manual or automated control. For example, a

two-way valve can be used which could be adjusted into a first position to put a
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first component into fluid communication with the filter, then rotated into a second
position putting a second component into fluid communication with the filter. At
different areas of the device 10 selection means 15 may differ, for example some

may be manual and some may be automated.

A number of components are located in fluid communication with the first side of
the filter 12, including a sample input 16, a first liquid reservoir 17, and a first

suction means 18.

Sample input 16 can be a port or other means to aliow a fluid sample access to
the system. Alternatively, it may comprise a holder or container, such as a test
tube. In its simplest form it is merely an extension of a tube 14 which can be
placed in communication with a sample, which could be provided in, for example,
a test tube. Due to concerns regarding, i.e., contamination and security, the
contents of the sample may preferably be enclosed, for example by providing the
sample in a stoppered test tube and configuring the sample input as a needle at

the end of a tube, which needle is inserted into the stopper.

First liquid reservoir 17 is provided to the device 10. In initial stages of use a liquid
is present in first liquid reservoir 17. Its use will be further described in the
examples, below, however it can be noted that the fluid in first liquid reservoir
serves at least a general flushing or rinsing purpose and as such is preferable
physiologically neutral. Suitable fluids include phosphate buffered saline (PBS),
Hank’s buffered saline solution, (hydroxymethyl)aminomethane (TRIS) buffer, and
other buffers with a physiologically neutral pH and osmolarity of approximately
270-330 mOsm/kg.

First suction means 18 is capable of providing suction to a first side of the filter 12,
effectively drawing fluid from the second side of the filter 13 to the first side of the
filter 12. First suction means 18 is provided with a first suction reservoir (not
shown) which is capable of collecting fluid and particles suspended therein. In its
simplest form first suction means 18 may be a syringe the stopper of which can be
drawn out to create suction and the inner cavity of which provides a reservoir.

Alternatively, the first suction means 18 can be a peristaltic pump.
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There are also a number of components located in fluid communication with the
second side of the filter 13, including a second liquid reservoir 19, a pressure

measurer 20, and a second suction means 21.

Second liquid reservoir 19 is initially supplied to device 10 with fluid therein. Use
will be further described below, however, the fiuid is preferably physiologically
neutral and as a consequence the material used to form second liquid reservoir 19
is preferably non-reactive. The size and/or capacity of second liquid reservoir 19
will depend on the intended use of device 10 and will also depend on whether
second liquid reservoir 19 is adapted as a fixed portion or if it is interchanged after

every use of device 10.

Pressure measurer 20 allows a user (or automated monitoring device) to monitor
the degree of vacuum present within the device. Through calibration, this measure
will allow a determination of when the filter is sufficiently saturated with target cells.

Pressure measurer 20 may include a visual display.

Pressure measurer 20 further allows a user to normalize a sample. By relying on
pressure of the internal system one can avoid the need for timely pre-screening
steps which would otherwise be beneficial for determining the concentration of
particulate matter in the sample. As the samples and organisms from which they
originate will differ, so too will the samples evaluated. Furthermore, users may in
some cases choose to dilute a sample so that it can be used for a number of
purposes, or to make the purification and enrichment method function most

efficiently.

An example of a suitable pressure measurer 20 is a column of water. When such a
pressure measurer 20 is employed, a reasonable operating range for the device
10 is 130-150 mm H,O. The range of 135-145 mm H,O may be preferred.
Approximately 140 mm H>O may be particularly effective.

Where the device 10 is at least partially automated, pressure measurer 20 may be

connected to a selection means 15 or other flow control means such that, upon
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reaching certain predetermined pressures, the aspects of the system are engaged

or disengaged.

Particularly where automation is desired, pressure measurer 20 need not include a
display means as is inherent in a water column. Instead, it may comprise an
electronic sensor which detects pressure. The information obtained by pressure
measurer 20 could be transmitted to a central control unit, which could send
commands which, using the flow stop ability of the pressure measurer 20, stops or

starts flow in chosen areas of the device.

Flow stop ability could be achieved using, for example, a membrane. One example
is a piezo-electric membrane. Simple flow stops are also contemplated, such as a
clamp or crimp which can physically deform a flexible tube when engaged, thus
stopping flow through the tube. By disengaging the clamp or crimp flow may begin

again.

Where a physical device is used to achieve the flow stop ability of pressure
measurer 20, it need not necessarily be in precisely the same location of the

device as the pressure measurer 20.

Pressure measurer 20 can be a device which directly measures pressure;
alternatively it may be capabie of collecting information which can be used to

calculate pressure.

While pressure measurer 20 serves a purpose when conducting the initial pass of
the sample through the filtration unit 11, in subsequent steps using the device 10 it
may not be required. Nonetheless, particularly in automated systems, one can
continue to measure the internal system pressure for statistical purposes and/or as

a safety check to possibly detect malfunctions in the system.

Second suction means 21 is capable of providing suction to a second side of the
filter 13, effectively drawing fluid from the first side of the filter 12 to the second
side of the filter 13. An optional second suction reservoir may be provided (not

shown) which could be capable of coliecting fluid and particles suspended therein.
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A second suction means 21 could be a syringe the stopper of which can be drawn
out to create suction. The inner cavity of the syringe could serve as a reservoir if
desired. Alternatively second suction means 21 could be a pump, such as a
peristaltic pump. The use of device 10 will be further described below, however it
can be noted that, should the non-target cells be of interest a second suction

reservoir is preferably provided to conveniently store such cells.

A further embodiment of a device 10 of the invention is shown in Figure 2. In that
figure, for ease of illustration, not every piece of tubing 14 is marked with a

reference numeral.

in the Figure 2 embodiment a plurality of selection means 15 are shown. The
selection means 15 in fluid communication with the first side of the filter 12 is in

this embodiment a three-way valve, whereas that in fluid communication with the

~ second side of the filter 13 is a two-way valve.

The embodiment of Figure 2 has an alternative configuration of elements,

grouping all components connected to the first side of the filter 12 via a single
selection means 15 and tube 14. The components connected to the second side of
the filter 13 are also in a different configuration relative to the Figure 1
embodiment; here pressure measurer 20 is not connected via a selection means
but instead one of second liquid reservoir or second suction means 21 may be in

fluid communication with the system at any time.

It should be apparent to skilled persons that further configurations are possible
and within the scope of the invention. Furthermore, a plurality of devices can be

provided in sequence or in parallel.

In cases where it is preferred or even essential that the sample is maintained at
low operating temperatures, for example, where it is highly desirable to stop
cellular activity for the benefit of further analysis or activities, an entire device
according to the invention can be provided in a refrigerated unit or cold room. In
other cases, it may suffice that the liquid reagents used within the system are

provided at a particular temperature, for example, between about 0-4°C.
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As previously mentioned it is contemplated that most or all components of a
device according to the invention may be disposable. In particular, it is
contemplated that disposable cassettes or cartridges may be supplied with
components of a device according to the invention. Such a cassette can preferably
include a barcode or space to adhere a barcode to help facilitate electronic
processing of samples. Another option is electronic identifiers which can be

incorporated into or affixed to the cassette.

Cassettes or cartridges useful with the present invention comprise a filtration unit
and may comprise an agitator. Alternatively, the filtration unit may simply be
capable of being connected or engaged by an agitator. A plurality of tubes are also
provided which connect respective first and second sides of the filtration unit to the
reservoirs and inputs of the device. At least an access point is provided for a
pressure measurer, the pressure measurer itself may be included in the cassette.

The access point could simply be a place in the tubing where a sensor is inserted.

A device of the invention may be operated manually; alternatively it may be

partially or entirely automated. For ease of reference Figure 1 is referred to herein.

If desired, the system and/or filter can be primed with a liquid. A sample is
provided to a sample input 16 which is in fluid communication with the filtration unit
11. Optionally, the sample may be pre-treated prior to performing the method of
the invention. For example, to decrease the propensity of cells to flex and thus be

able to pass through a pore smaller than their general diameter, they can be fixed.

When analysing blood samples, the plasma can be separated from the cells
treated with a standard 0.37% formaldehyde solution. PBS or other neutral liquid
can then be added up to a volume of the original sample. While not wanting to be
bound by theory, it is believed that the cells may be fixed or more rigid after the
formaldehyde addition, making them pass or fail to pass through the filter in a
manner more closely related to their diameter, and less closely related to their

ability to flex through a filter pore.
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The relevant selection means 15 is configured so that second suction means 21 is
in fluid communication with the filtration unit 11. Second suction means 21 is
engaged thus drawing fluid and suspended particles via sample input 16 into

filtration unit 11.

A range of suitable pressures can be used, depending on the type of sample and
configuration of the device. Through the use of pressure measurer 20 it is possible
to calculate approximately how saturated the filtration unit 11 has become with
target cells. At the appropriate time, for example, when a column of water used to
indicate pressure indicates approximately 140 mm H,0O, second suction means 21
ceases to apply suction and sample input 16 is taken out of fluid communication

with filtration unit 11.

This step has the effect of drawing non-target cells and contaminants smaller than
the pore size of the filter through the filter, leaving target cells on the first side of

the filtration unit.

Another optional pre-treatment would be to use known materials and methods to
achieve selective cellular lysis. This may allow for a faster or more efficient

filtration using the device of the invention.

First liquid reservoir 17 is placed in fluid communication with filtration unit 11 and
second suction means 21 is again engaged, drawing fluid from first liquid reservoir
17 through filtration unit 11.

This step has the effect of rinsing or cleaning the system of remaining non-target
cells. First liquid reservoir 17 is removed from fluid communication with the
filtration unit and second liquid reservoir 19 is put into communication with the
system. First suction means 18 is engaged, drawing fluid out of second liquid
reservoir 19 and through filtration unit 11. The fluid thus drawn is collected in a first

suction reservoir (not shown).

Partly due to the flow of fluid and enhanced by the vibration of the filter, target celis

which were left on the first side of filter 12 are suspended in the passing fluid and
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carried into the first suction reservoir. From that point they may undergo direct
observation or analysis, treatment or staining, or transfer to another device or

storage.

Preferably, second suction means 21 is again used to draw fluid from first fluid
reservoir 17 through filtration unit 11, followed by first suction means 18 drawing
additional fluid from second fluid reservoir 19. Even more preferably the
immediately aforementioned dual fluid transfer step is repeated twice or three or
more times. These exchanges help to ensure particles in the sample are
completely removed from the filter and help clean the internal components of

device 10.

An analysis done with an embodiment of device 10 according to the invention
which included a second suction reservoir has shown that at least 96% of the cells
in a sample were captured in either the first or second suction reservoir,

demonstrating the outstanding efficiency of the device.

Example One Bladder Washing Contaminated with Red Blood Cells

A bladder washing is performed on an organism and the washing fluid, with
probable suspended cells and contaminants is collected. A preliminary
microscopic analysis on a stained droplet of the sample confirms the presence of
prolific numbers of red blood cells and small numbers of potential target cells, see
Figure 3. The remaining sample is provided to the sample input of a device of the

invention and filtered.

Process time is about 10 minutes. The maximum pressure reached in the device
during the first suction of the sample through the filter is 140 mm H20. The
material captured in the first suction reservoir is placed on a slide and stained.
Upon microscopic inspection, the purified and enriched target cells are readily

visible in their natural state, see Figure 4.
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For control purposes, a second suction reservoir is used. The material captured in
the second suction reservoir is placed on a slide and stained. Upon microscopic
inspection, it reveais a plurality of red blood cells and epithelial cells. Based on
analysis of the target and non-target cells captured, the recovery yield of target

cells is calculated to be 295%.

Example Two Ascites Fluid Contaminated with Epithelial Cells

A sample of ascites fluid is obtained. A stained droplet of the fluid is examined
microscopically, showing significant amounts of epithelial cells and small numbers
of potential target cells, see Figure 5. The 10 ml remaining sample was placed in a

200 ml sample input vessel and filtered through a device of the present invention.

The process was concluded in approximately 10 minutes, during which the
maximum pressure reached during the first suction of the sample through the filter
was 140 mm H,O. The material captured in the first suction reservoir was placed
on a slide and stained. Upon microscopic inspection, the purified and enriched

target cells were readily visible in their natural state, see Figure 6.

Example Three Dual Step Purification and Enrichment

A sample containing cells, including peripheral blood cells, is provided. The cells
are chemically lysed according to known techniques. The cell contents are placed

in a sample input vessel of a device according to the invention.

A first process is carried out using a filter whose pores allow free passage to most
subcellular components, but retain the largest: cell nuclei. After this run of the
system the nuclei are set aside for later use and the remaining components
collected in the second suction reservoir are removed. The system is primed again
for use and the components previously collected in the second suction reservoir

are loaded in the sample input.
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A second process is carried out with a filter provided with pores which allow free
passage to most cellular components, but retain the large mitochondria from this
fraction. Subsequent to this process the nuclei, mitochondria, and the remaining
components collected in the second suction reservoir are separately analysed.
This analysis confirms that the inventive device can be used with a multi-stage
separation strategy to obtain differently-sized components of a fluid sample in a
fast and efficient way, in this case subcellular components of a lysed cell. The
components, thus separated, were in their native state and largely undisturbed,

allowing for further analysis as desired.

The foregoing description and examples have been set forth merely to illustrate
the invention and are not intended to be limiting. Since modifications of the
described embodiments incorporating the spirit and substance of the invention
may occur to skilled persons, the invention should be construed broadly to include

all variations within the scope of the appended claims and equivalents thereof.

SUBSTITUTE SHEET (RULE 26)



WO 2011/078784 PCT/SE2010/051473

10

15

20

25

30

17

CLAIMS

1. A device for sample purification and enrichment, comprising:

a filtration unit having a first side and a second side and comprising an agitator;
a sample input in elective fluid communication with the first side of the filtration
unit;

a first liquid reservoir in elective fluid communication with the first side of the
filtration unit;

a second liquid reservoir in elective fluid communication with the second side of
the filtration unit;

a second suction means in elective fluid communication with the second side of
the filtration unit;

characterized in that there is

a first suction means having a first suction reservoir and in elective fluid
communication with the first side of the filtration unit; and

a pressure measurer in fluid communication with the second side of the filtration

unit and having a flow stop ability.

2. A device according to claim 1 wherein the second suction means has

a second suction reservoir,

3. A device according to claim 1 or claim 2 wherein at least one of the

first suction means and the second suction means is a peristaltic pump.

4. A device according to any of the preceding claims wherein the

pressure measurer comprises at least one of a clamp or a piezo-electric

membrane capable of stopping or starting flow in at least one portion of the device.

5. A device according to any of the preceding claims wherein the agitator

is arranged for mechanical vibration in a horizontal direction.

6. A cartridge for use in a device according to any of the preceding

claims, comprising
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a filtration unit having a first side and a second side and comprising a filter and
being connectable to an agitator;

a sample input tube in fluid communication with the first side of the filtration unit;
a first liquid reservoir tube in fluid communication with the first side of the filtration
unit;

a first suction reservoir tube in fluid communication with the first side of the
filtration unit;

a second liquid reservoir tube in fluid communication with the second side of the
filtration unit; and

a second suction tube in fluid communication with the second side of the filtration
unit,

wherein the cartridge has at least one access point for a pressure measurer.

7. A cartridge according to claim 6 wherein the filtration unit comprises
an agitator.
8. A cartridge according to claim 7 wherein the agitator is arranged for

mechanical vibration in a horizontal direction.

9. A method of purifying a sample, comprising the steps of:

providing a sample to a sample input in fluid communication with a first side of a
filter;

applying suction to a second side of a filter to draw fluid from the sample input
through the filter until a pre-determined pressure is measured;

placing the second side of the filter in exclusive fluid communication with a
reservoir containing a liquid; _
applying suction to the first side of the filter to draw fluid from the reservoir through
the filter; and

collecting the fluid drawn from the reservoir through the filter in a container;
wherein the filter is subject to agitation during at least a significant portion of the
process,

wherein the purified sample is collected in the container.
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10. A method according to claim 9 wherein the pre-determined pressure is
in the range of approximately 130-150, preferably 135-145 mm H,O when

measured using a water column.

11. A method according to claim 10 wherein the pre-determined pressure

is approximately 140 mm H,O when measured using a water column.

12. A method according to any one of claims 9 to 11 wherein the agitation

is mechanical vibration in a horizontal direction.

13. A method according to any one of claims 9 to 12 wherein the
collecting step is followed by at least once of a dual fluid transfer step of:

placing the first side of the filter in exclusive fiuid communication with a first fluid
reservoir containing a liquid;

applying suction to the second side of a filter to draw fluid from the first fluid
reservoir through the filter;

placing the second side of the filter in exclusive fluid communication with a second
reservoir containing a liquid;

applying suction to the first side of the filter to draw fluid from the second reservoir
through the filter; and

collecting the fluid drawn from the second reservoir through the filter in a

container.

14. A method according to any one of claims 9 to 13 wherein the sample

is a biological sample.

15. A method according to claim 14 wherein the sample comprises

circulating tumour cells.

16. A sample purified according to the method of any one of claims 9 to

15, wherein said sample is normalized by means of pre-determined pressure.
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