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DEVICES AND METHODS
FOR COLLECTING AND STABILIZING BIOLOGICAL SAMPLES

[0001]

FIELD OF THE INVENTION

[0002] The present invention generally relates to devices and methods for collecting and
stabilizing biological samples, and more particularly, for collecting and stabilizing blood or
other bodily fluids from a user’s fingertip, earlobe, heel or other locations. The present
invention also relates to sample collection devices that simplify the process for mixing the
biological samples with an additive or additives, provide for efficient storage and safe
transport of the samples, and provide for easy access to the samples for subsequent

processing.

BACKGROIIND

[0003] The collection of a biological fluid sample (blood, saliva, urine, etc) from a patient is
the first step in many diagnostic procedures. Pre-evacuated collection tubes designed for
venous collection of blood samples are commonly used devices, and several companies sell a
broad portfolio of blood collection tubes pre-filled with additives like Heparin, EDTA, and
nucleic acid stabilization agents to facilitate downstream testing processes. Problems
associated with venous collection products are the requirement for trained individuals to
assist the patient in the collection of the sample, risks associated with puncturing a vein with
a needle, and the collection of substantially more patient sample than is needed to perform a

diagnostic test.

[0004] Capillary tube based collection devices are used to collect a small volume of blood
from a patient’s fingertip or heel. These devices usually function by holding the tip of an

open end capillary tube against the drop of fluid and the fluid is then drawn into the tube
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using capillary forces. Alternative collection methods include dripping of a patient’s sample
onto a piece of paper or into a collection container. Microneedle based evacuated devices are
also in development. Similar to evacuated tubes, these devices are often coated with
additives to facilitate future diagnostic testing or improved sample handling, In some
instances, the biological fluid is dispensed into a secondary container when it can be mixed

with additive and/or stored until later use.

[0005] Furthermore, there is a growing demand for blood samples for molecular diagnostic
tests that require immediate stabilization of the genomic material at the time of collection.
Proper stabilization usually requires immediate mixing of the blood with a stabilization buffer
within a defined ratio of blood to buffer. Current devices are not designed for this

application.

[0006] Given the above background, there is a need in the art for collection devices and
methods that enable simplified collection of biological samples and facility the mixing of the
biological samples with additives that aid in the stabilization and future processing of the

samples.

[0007] The information disclosed in this Background section is only for enhancement of
understanding of the general background of the invention and should not be taken as an
acknowledgement or any form of suggestion that this information forms the prior art already

known to a person skilled in the art.

SUMMARY

[0008] Various aspects of the present invention provide novel devices and kits that enable
simplified collection of a biological sample and facilitate the mixing of the biological sample
with a solution or additives that aid in the stabilization and future processing of the biological
sample. In some embodiments, the devices of the present invention are designed for easy
handling by the end user (e.g., a patient) or medical personnel, and for integration with
standard automation and testing systems that are employed in subsequent processing (e.g.,
diagnostic testing laboratories).

[0009] In one aspect, the present invention provides a collection and stabilization device with

a collector for collecting a biological sample. In a preferred embodiment, the collector

includes an absorbent member for collecting the biological sample. In another preferred
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embodiment, the collector is configured to function as a handle for easy gripping of the
collector while taking the biological sample. In still another preferred embodiment, the
collector is configured to serve as a cap that sealingly engages with a housing, facilitating
safe transportation of the sample. In some embodiments, the collector is configured to be
interlocked with the housing once it is fully engaged with the housing, prohibiting
unintentional removal of the collector from the housing. In some embodiment, the collector
is provided with a penetrable or pierceable septum that seals the biological sample in the
collector. The penetrable or pierceable septum allows the access to the biological sample for

subsequent processing without removing the collector from the housing.

[0010] In another aspect, the present invention provides a collection and stabilization device
with a retainer for storing a solution, additives, reagents or the like that aid in the stabilization
and future processing of the biological sample. In a preferred embodiment, the retainer is
manufactured separately and pre-assembled with the housing prior to the use of the device.
The collector, retainer and housing are configured such that when the collector is engaging or
engaged with the housing, the collector propels the solution (or additives, reagents, etc.)
stored in the retainer to flow through the absorbent member, releasing the biological sample

and mixing with the biological sample.

[0011] Various other aspects of the present invention provide methods to use the novel
devices and kits to collect and stabilize biological samples. In some embodiments, a method
of the present invention includes (i) collecting a biological sample using the collector and (ii)
inserting the collector into the housing. In some embodiments, the method further includes
(iii) transporting or shipping the collector along with the housing to a receiver such as a

testing lab for subsequent processing.

[0012] The methods and apparatuses of the present invention have other features and
advantages which will be apparent from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following Detailed Description, which

together serve to explain certain principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings illustrate one or more embodiments of the present

application and, together
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with the detailed description, serve to explain the principles and implementations of the

application,

[0014] FIG. 1A is a side view illustrating a device for collecting and stabilizing a biological

sample in accord with some embodiments of the present invention.

[0015] FIG. 1B is a perspective view illustrating the device of FIG. 1A.

[0016] FIG. 1C is apartially exploded perspective view illustrating the device of FIG. 1A.
[0017] FIG. 1D is a cross-sectional view of FIG. 1C along the line 1D — 1D.

[0018] FIG. 2A is a partially exploded side view illustrating a collector in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.

[0019] FIG. 2B is a cross-sectional view of FIG. 2B along the line 2B — 2B.
[0020] FIG. 2C is a side view illustrating the collector of FIG. 2A.

[0021] FIG. 2D is a cross-sectional view of FIG. 2C along the line 2D — 2D.

[0022] FIG. 3A is an exploded side view illustrating a retainer in a device for collecting and

stabilizing a biological sample in accord with some embodiments of the present invention,
[0023] FIG. 3B is a cross-sectional view of FIG. 3B along the line 3B — 3B.
[0024] FIG. 3C is a side view illustrating the retainer of FIG. 3A.

[0025] FIG. 3D is a cross-sectional view of FIG. 3C along the line 3D — 3D.

[0026] FIG. 4A is an exploded side view illustrating a retainer and a housing in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the
present invention,

[0027] FIG. 4B is a cross-sectional view of FIG. 4B along the line 4B — 4B,
[0028] FIG. 4C is a side view illustrating the retainer and the housing of FIG. 4A.

[0029] FIG. 4D is a cross-sectional view of FIG. 4C along the line 4D — 4D.
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[0030] FIG. 5A, FIG. 5B and FIG. 5C are cross-sectional views illustrating a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention, where a collector is engaging with a housing at different stages.

[0031] FIC. 6A is a side view illustrating a device for collecting and stabilizing a biological

sample in accord with some embodiments of the present invention.

[0032] FIG. 6B is a perspective view illustrating the device of FIG. 6A.

[0033] FIG. 6C is a partially exploded perspective view illustrating the device of FIG. 6A.
[0034] FIG. 6D is a cross-sectional view of FIG. 6C along the line 6D — 6D.

[0035] FIG. 7A is a partially exploded side view illustrating a collector in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.

[0036] FIG. 7B is a cross-sectional view of FIG. 7B along the line 7B — 7B.
[0037] FIG. 7C is a side view illustrating the collector of FIG. 7A.

[0038] FIG. 7D is a cross-sectional view of FIG. 7C along the line 7D — 7D.

[0039] FIG. 8A is an exploded side view illustrating a retainer in a device for collecting and

stabilizing a biological sample in accord with some embodiments of the present invention.
[0040] FIG. 8B is a cross-sectional view of FIG. 8B along the line 8B — 8B.

[0041] FIG. 8C is a side view illustrating the retainer of FIG. 8A.

[0042] FIG. 8D is a cross-sectional view of FIG. 8C along the line 8D — 8D.

[0043] FIG. 8E is a cutout partially exploded view illustrating a retainer in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.

[0044] FIG. &F is a cutout partially exploded view illustrating a retainer in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.

[0045] FIG. 8G is a cutout view illustrating the retainer of 8F.



[0046] FIG. 9A is an exploded side view illustrating a retainer and a housing in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.

[0047] FIG. 9B is a cross-sectional view of FIG. 9B along the line 9B — 9B.
[0048] FIG. 9C is a side view illustrating the retainer and the housing of FIG. 9A.
[0049] FIG. 9D is a cross-sectional view of FIG. 9C along the line 9D — 9D.

[0050] FIG. 10A, FIG. 10B, FIG. 10C and FIG. 10D are cross-sectional views illustrating a
device for collecting and stabilizing a biological sample in accord with some embodiments of
the present invention, where a collector is engaging with a housing at different stages. FIG.

10B is a partially enlarged view of FIG. 10A.

[0051] FIG. 11 is a perspective view illustrating a device for collecting and stabilizing a

biological sample in accord with some embodiments of the present invention.

[0052] FIG. 12 is a perspective view illustrating a kit including a device for collecting and

stabilizing a biological sample in accord with some embodiments of the present invention.

[0053] FIG. 13 is a diagram illustrating a method for collecting and stabilizing a biological

sample in accord with some embodiments of the present invention.

[0054] FIG. 14 is a diagram illustrating a method for collecting and stabilizing a biological

sample in accord with some embodiments of the present invention.

[0055] FIG. 15A is a partially exploded side view illustrating a collector in a device for
collecting and stabilizing a biological sample in accord with some embodiments of the

present invention.
[0056] FIG. 15B is a cross-sectional view of FIG. 15B along the line 15B — 15B.

[0057] FIG. 15C is cross-sectional view illustrating the collector of FIG. 2A when

assembled.

[0058] FIG. 16 is a schematic overview of one method of detecting nucleic acids from the
target sample that utilizes the chemical ligation dependent probe amplification (“CLPA”)
reaction as discussed in US Pub. Nos 2010/267585 and 2013/0005594, specifically but not
limited to the discussions of CLPA assays and components, including probes, assays, buffers

(reaction buffers,
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stabilization buffers, etc.). In this embodiment, the assay shows a blood sample, although as
will be understood by those in the art and described herein, additional sample types can be
used. The figure shows a two probe system, although as shown in Figure 3 of US

2010/0267585, three (or more) probe systems can be used.

[0059] FIG. 17 is a schematic overview of a CLPA-MDM process, where a solid support
system is used for detection (e.g. an array or array of beads). In this embodiment, it is
preferred that at least one of the ligation probes for incorporate an array binding sequence to
bind to an appropriate capture sequence on a microarray platform. For CLPA-MDM, the
different CLPA reaction products are not separated by size differences but by the differences
in the array binding sequence. In this embodiment, the sequence of the array binding
sequence is varied so that each CLPA probe will bind to a unique site on a DNA microarray.
The length of the array binding sequence in CLPA-MDM usually varies from 15 to 150

bascs, more specifically from 20 to 80 bascs, and most specifically from 25 to 50 bascs.

[0060] FIG. 18 is a schematic representation showing probe design for a CLPA assay in

which the probe contains a size-variant stuffer sequence.

[0061] FIG. 19 is a schematic representation of a target capture method used to separate

bound CLPA probe sets from solution phase/unbound CLPA probe sets.

[0062] FIG. 20 1s a schematic illustration of multiple, unique CLPA probe scts that arc bound

to the sample target along with a single target capture probe.

[0063] FIG. 21 A, FIG. 21B and FIG. 21C are further schematic illustrations of the use of a
CLPA assay, showing possible orientations of the assay which can find particular use in
assessing sample integrity. Figure 21 A depicts a similar orientation to FIG. 20, except with
the capture probe(s) “downstream” of the ligation probe sets. CM is a capture moiety. As
will be appreciated by those in the art, the CM can be on cither the 3” or 5° terminus of the
capture probe, although it usually is depicted on the 3’ end. In addition, the portion of cach
ligation probe that does not hybridize to a target domain can contain a number of different
functionalities, including, but not limited to, primer binding domains, size tags, capture
sequences, etc., as 18 shown in FIG. 20. FIG. 21A shows a situation where the ligation probe
sets are spaced over the length of the target in roughly 25-30% increments for a sample
integrity assessment. As will be appreciated by those in the art and described in US

2013/0005594, the spacing of the different ligation probe sets can vary as needed. FIG. 21B
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depicts an alternative orientation. FIG. 21C depicts an orientation that can be used both for

integrity assessment or redundancy.

[0064] FIG. 22A, FIG. 22B and FIG. 22C depict several schematics of CLPA detection

methods for use in SNP detection methods.

DETAILED DESCRIPTION

[0065] The present invention describes a novel design for a collection device that enables
simplified collection and storage of small volumes of biological fluid. The ability to collect
and simultaneously store biological samples, particularly blood, allows the stable handling of
the biological sample, for example, to allow the sample to be mailed using traditional
carriers, without additional storage requirements. This can allow easy sampling for the
growing field of molecular diagnostics that require immediate stabilization of the genomic
material at the time of collection, even in a home collection sctting. The design and
implementation of the present system allows a patient to easily self-collect a sample,
particularly blood, at home and mail the sample, where it can be processed and analyzed

using a number of detection systems.

[0066] In some embodiments, the target sample is analyzed for target nucleic acid sequences,
including DNA and RNA, including mRNA, for example to do diagnosis of genetic or
infectious disease, detection of single nucleotide polymorphism (SNP) detection, or gene

expression profiling (e.g. mRNA) for the diagnosis and/or prognosis of diseases.

[0067] In some embodiments, protein detection and/or quantification for the diagnosis and/or

prognosis of disease can be done from the collected sample.

[0068] In one embodiment, the collection device enables metering of the amount of
biological fluid that is collected. In another embodiment, the collection device facilitates the
mixing of the biological sample with additives that aid in the stabilization and future
processing of the sample. In another embodiment, the device is designed to separate plasma
from blood cells. The device is also designed for easy handling by the patient or medical
personnel, and for integration with standard automation and testing systems that are

employed in diagnostic testing laboratories.



CA 02951561 2016-12-07

WO 2015/191777 PCT/US2015/035200

[0069] Embodiments of the present invention are described in the context of collection and
stabilization devices and kits. Embodiments of the present invention are also described in the
context of collection and stabilization methods that use such collection and stabilization

devices and kits to collect and stabilize biological samples.

[0070] In various embodiments, a collection and stabilization device of the present invention
generally includes a collector for collecting a sample, a retainer for storing stabilization
solution or additives and a housing. In some embodiments, the collector is configured such
that the collector functions as a handle while obtaining a sample and/or as a seal to seal the
sample in the housing. In some embodiments, the collector is configured to have an
absorbent member for collecting the biological sample or certain components of the
biological sample. In some embodiments, the collector is configured to have a septum that
seals the biological sample in the device. The septum is penetrable or permeable such that
the biological sample is accessible for subsequent usc or testing without removing the
collector from the housing. In some embodiments, the collector is configured to have a

plasma membrane for generating or separating plasma from the biological sample.

[0071] In various embodiments, a method of the present invention generally includes
collecting a biological sample using the collector and inserting the collector into the housing.
In some embodiments, the method further includes transporting or shipping the collector

along with the housing to a receiver such as a testing lab for subscquent processing.

[0072] Those of ordinary skill in the art will realize that the following detailed description of
the present application is illustrative only and is not intended to be in any way limiting,
Other embodiments of the present application will readily suggest themselves to such skilled
persons having benefit of this disclosure. Reference will now be made in detail to
implementations of the present application as illustrated in the accompanying drawings. The
same reference indicators will be used throughout the drawings and the following detailed

description to refer to the same or like parts.

[0073] In the interest of clarity, not all of the routine features of the implementations
described herein are shown and described. It will, of course, be appreciated that in the
development of any such actual implementation, numerous implementation-specific decisions
must be made in order to achieve the developer’s specific goals, such as compliance with

application- and business-related constraints, and that thesc specific goals will vary from one



implementation to another and from one developer to another. Moreover, it will be appreciated that
such a development effort might be complex and time-consuming, but would nevertheless be a routine

undertaking of engineering for those of ordinary skill in the art having the benefit of this disclosure.

[0074] Many modifications and variations of this disclosure can be made without departing from its
spirit and scope, as will be apparent to those skilled in the art. The specific embodiments described
herein are offered by way of example only, and the disclosure is to be limited only by the terms of the

appended claims, along with the full scope of equivalents to which such claims are entitled.

Definitions

[0075] In some embodiments, the “sample” or “biological sample” is a fluid from a person, an animal
or a device (e.g., a testing tube). In some embodiments, the biological sample is a bodily fluid such as
blood, saliva or urine from a user’s fingertip, earlobe, heel or other location. In some embodiments, the
biological sample is a fluid in a small amount, typically in the order of 1 uL to 2000 uL, preferably
from 5 pL to 200 pL, and more preferably from 20 to 100 pL.

[0076] As used herein, the term “collector” refers to a component of the collection and stabilization
device of the present invention that is designed for collecting or obtaining a biological sample. In some
embodiments, the collector is configured to perform other functions, such as sealing a biological

sample in a housing or as a handle for a user to hold the collector while taking the biological sample.

32 LC
k-

Accordingly, the term “collector” in some cases is interchangable with “cap”, “device cap”, “collector

cap”, “handle”, “fingerstick”, “stick” or the like.

[0077] As used herein, the term “retainer” refers to a component of the collection and stabilization
device of the present invention that is designed for holding a solution, additives, reagents or other
chemical/biological substances. In some embodiments, the solution, additives, or reagents include a
stabilization buffer, such as DxTerity RNA blood stabilization buffer (DxCollect™) described in US
Publication No. 2013/0005594, as is further outlined below or a buffer for eluting blood plasma.

32 LC
k-

Accordingly, the term “retainer” in some cases is interchangable with “container”, “cup”, “buffer

container”, “buffer cup” or the like.

10
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[0078] As used herein, the term “housing” refers to a component of the collection and
stabilization device of the present invention that is designed for holding the retainer and
engaging or coupling with the collector. In some embodiments, it has a tube-like
configuration and provides protection to the biological sample while shipping or transporting
the device. Accordingly, the term “housing” in some cases is interchangable with “tube”,

“transport tube” or the like.

[0079] As used herein, the term “absorbent member” refers to a component of the collector
that is designed for obtaining and tentatively holding a biological sample. In some
embodiments, the absorbent member is made of a sponge like wicking material comprising
cellulosic, polyester, polyvinyl alcohol, foam, porous media or other suitable materials.
Accordingly, the term “absorbent member” in some cases is interchangable with “sponge”,
“wicking sponge”, “wicking material”, or the like. In some embodiments, selection of the
matcrial and configuration (c.g., shape, size) of the absorbent member arc in accord with the
type and the amount of the biological sample to be collected. In some embodiments, the

material is selected to collect certain components of the biological sample.

LRI

[0080] As used herein, the term “releasing a biological sample”, “releasing the biological
sample”, “eluting a biological sample” or the like does not necessarily refer to complete
release of the entire biological sample that has been collected by the collector. In some
cmbodiments, the term “releasing a biological sample™, “releasing the biological sample”,
“cluting a biological sample” or the like refers to releasing only a percentage, for instance,
between 30% and 50%, between 50% and 70% or between 70% and 90% of the biological
sample that has been collected by the collector. In some embodiments, the term “releasing a

biological sample”™, “releasing the biological sample”, “cluting a biological sample” or the

like refers to releasing only a targeted component or components of the biological sample.

[0081] As used herein, the term “propelling a solution to flow through the absorbent
member”, “pushing a solution to flow through the absorbent member” or the like does not
necessarily refer to propelling the entire solution that has been stored in the retainer through
the absorbent member. In some embodiments, the term “propelling a solution to flow

through the absorbent member”, “pushing a solution to tlow through the absorbent member”

or the like refers to propelling only a percentage, for instance, between 30% and 50%,

"



between 50% and 70% or between 70% and 90% of the solution that has been stored in the retainer

through the absorbent member.

[0082] As used herein, the term “solution”, “additives” or “reagents” refers to chemical or biological
material that aid in the stabilization and future processing of the samples. In some embodiments, the
solution in the retainer contains additives that alter the properties of the biological sample, for example,
by stabilizing the components against degradation, partially or fully lysing the cells of the biological
sample, separating one component or species from the biological sample, adding a chemical reagent for
diagnostic testing, or reducing clotting. In some embodiments, the solution, additives, or reagents
include a stabilization buffer, such as DxTerity RNA blood stabilization buffer (DxCollect™)
described in US Publication No. 2013/0005594 and below, or a buffer for eluting blood plasma.

[0083] As used herein, the terms “top” or “bottom”, “inward” or “outward”, “longitudinal”,
“perpendicular” or “circumferential” etc., are used to describe features of the exemplary embodiments
with reference to the positions of such features as displayed in the figures. They are used for

convenience in explanation, and do not limit features in such positions.

[0084] As used herein, the term “nominal diameter” refers to a characteristic dimension of a cross-
sectional surface area of a feature. For instance, the nominal diameter for a cylindrical feature with a
circular cross section is the same as the diameter of the circular cross section. For a feature with
irregular or complex cross section, the nominal diameter may be defined by the diameter of a

hypothetical circle which has the same area as of the irregular or complex cross section.

[0085] As used herein, the term “average” refers to the arithmetic mean value, or some other measure
of central tendency, of a characteristic dimension. For example, in a case of a feature (e.g., housing or
collector) having a variable cross section along its longitudinal axis, the average nominal diameter of

the feature is the mean nominal diameter of the feature over its length.

[0086] In some embodiments, the “sample” is a bodily fluid (including, but not limited to, blood, urine,
serum, lymph, saliva, anal and vaginal secretions, perspiration and semen, of virtually any organism,
with mammalian samples being preferred and human samples being particularly preferred). The

sample contains target nucleic acids and/or target proteins.
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[0087] By "nucleic acid" or "oligonucleotide” or grammatical equivalents herein means at
least two nucleotides covalently linked together. The target nucleic acids may comprise
DNA or RNA. A nucleic acid of the present invention will generally contain phosphodiester
bonds (for example in the case of the target sequences), although in some cases, as outlined
below, nucleic acid analogs are included that may have alternate backbones (particularly for
use with the ligation, label or capture probes), comprising, for example, phosphoramide
(Beaucage et al., Tetrahedron (1993) 49(10):1925 and references therein; Letsinger, J. Org.
Chem. (1970) 35:3800; Sprinzl et al., Eur. J. Biochem. (1977) 81:579; Letsinger et al., Nucl.
Acids Res. (1986) 14:3487; Sawai et al, Chem. Lett. (1984) 805; Letsinger et al., J. Am.
Chem. Soc. (1988) 110:4470; and Pauwels et al., Chemica Scripta (1986) 26:141),
phosphorothioate (Mag et al., Nucleic Acids Res. (1991) 19:1437; and U.S. Pat. No.
5,644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. (1989) 111:2321, O-
methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see
Egholm, J Am. Chem. Soc. (1992)114:1895; Meier et al., Chem. Int. Ed. Engl. (1992)
31:1008; Nielsen, Nature, (1993) 365:566; Carlsson et al., Nature (1996) 380:207). Other
analog nucleic acids include those with bicyclic structures including locked nucleic acids,
Koshkin et al., J. Am. Chem. Soc. (1998) 120:13252 3); positive backbones (Denpcy et al.,
Proc. Natl Acad. Sci. USA (1995)92:6097; non-ionic backbones (U.S. Pat. Nos. 5,386,023,
5,637,684, 5,602,240, 5,216,141 and 4,469,863 ; Kiedrowshi et al., Angew. Chem. Intl. Ed.
English (1991) 30:423; Letsinger et al., J. Am. Chem. Soc. (1988) 110:4470; Letsinger et al.,
Nucleoside & Nucleotide (1994) 13:1597; Chapters 2 and 3, ASC Symposium Series 580, Ed.
Y. S. Sanghui and P. Dan Cook; Mesmaeker et al., Bicorganic & Medicinal Chem. Lett.
(1994) 4:395 ; Jeffs et al., J. Biomolecular NMR (1994) 34:17; Xu et al., Tetrahedron Lett.
(1996) 37:743) and non-ribose backbones, including those described in U.S. Pat. Nos.
5,235,033 and 5,034,506, and Chapters 6 and 7, ASC Symposium Series 580, Ed. Y. S.
Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also
included within the definition of nucleic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp
169-176). Several nucleic acid analogs are described in Rawls, C & E News Jun. 2, 1997 page

35. These modifications of the ribose-
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phosphate backbone may be done to facilitate the addition of labels or other moieties, to
increase or decrease the stability and half-life of such molecules in physiological

environments, etc.

[0088] By "target sequence" or "target nucleic acid" or grammatical equivalents herein means
a nucleic acid sequence on a single strand of nucleic acid. The target sequence may be a
portion of a gene, a regulatory sequence, genomic DNA, cDNA, RNA including mRNA,
MicroRNA and rRNA, or others. As is outlined herein, the target sequence may be a target
sequence from a sample, or a secondary target such as a product of an amplification reaction,
etc. It may be any length, with the understanding that longer sequences are more specific. As
will be appreciated by those in the art, the complementary target sequence may take many
forms. For example, it may be contained within a larger nucleic acid sequence, i.e. all or part
of a gene or mRNA, a restriction fragment of a plasmid or genomic DNA, among others.
Any and all combinations of these may serve as target nucleic acids in a particular assay. In
many cases, multiplex assays are done, where a plurality of target sequences are
simultaneously detected, such as for gene expression profiling as is more fully described

below.

[0089] In general, each target sequence is comprised of a plurality of different target
domains. Fach target sequence has at least a pair of ligation domains for hybridization to a
sct of ligation probes, or more, as described below. For example, a first target domain of a
sample target sequence may hybridize to a first ligation probe, and a second target domain in
the target sequence may hybridize to a second ligation probe, such as to bring the chemical

ligation moieties into spatial proximity sufficient to allow spontancous chemical ligation.

[0090] In general, each pair of target ligation domains is adjacent to each other, that is, there
are no nucleotides separating the two domains. This finds use in both general detection of
target sequences (e.g. gene expression profiling using mRNA as the target sequences),
transfer reactions as discussed below, as well as for single nucleotide polymorphism (SNP)
detection. For SNP detection, the target sequence comprises a position for which sequence
information is desired, generally referred to herein as the "detection position”. In some
embodiments, the detection position is a single nucleotide, although in some embodiments, it
may comprise a plurality of nucleotides, either contiguous with each other or separated by

one or more nucleotides. By "plurality” as used herein is meant at least two. As used herein,
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the base of a ligation probe which basepairs with the detection position base in a hybrid is

termed the "interrogation position".

[0091] Each sample target nucleic acid can additionally have multiple pairs of ligation
domains. Thatis, 1, 2, 3 or more sets of ligation probes can hybridize to the same target
sequence at multiple locations, as is generally depicted in Figures 11 or 12, As is more fully
outlined below, the use of multiple ligation domains per target nucleic acid can serve as the
basis to assess the integrity of the target nucleic acids (and/or the original sample) in the

sample.

[0092] The sample target nucleic acids may contain other domains, in addition to ligation
domains. In certain embodiments, the target nucleic acids of the invention include a target
capture domain to which a target capture domain is able to hybridize. In general, as depicted
in Figure 11 and depending on the purpose of the assay, a target capture domain can be
“upstream”, “downstream” or “in-between” one or more of the ligation domains of the target

nucleic acid.

[0093] Unless specified, the terms "first" and "second" are not meant to confer an orientation
of the sequences with respect to the 5'-3' orientation of the target sequence. For example,
assuming a 5'-3' orientation of the complementary target sequence, the first target domain
may be located either 5' to the second domain, or 3' to the second domain. For ease of
reference and not to be limiting, these domains are sometimes referred to as “upstream” and
“downstream”, with the normal convention being the target sequence being displayed ina 5’
to 3’ orientation. However, it should be noted that ligation domains have an orientation such
that the 3” and 5’ ligation moieties of the ligation probe sets hybridize either completely
adjacently (e.g. no intervening nucleobases) or within a distance that the linkers attaching the

ligation moieties allow for ligation.

Devices, Kits And Methods

[0094] FIGS. 1A-1D illustrate an exemplary device 100 for collecting and stabilizing
biological samples in accordance with some embodiments of the present invention. As
illustrated, the exemplary device 100 generally includes a collector 106 for collecting a
biological sample, a rctaincr 104 for storing a solution, additives, rcagents or the like that aid

in the stabilization and future processing of the biological sample, and a housing 102 for
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accommodating the retainer 104 and engaging with the collector 106. In various
embodiments, the collector 106 includes an absorbent member 118 for collecting the
biological sample. The retainer 104 includes a vessel 114 or a container for receiving the
solution and a penetrable seal 116 for enclosing the solution within the vessel 114, The
retainer 104 is configured to be insertable into the housing 102. In some embodiments, the
housing 102 includes an open end portion 108 for engaging with the collector 106, an closed

end portion 110 and an interior space 112 for receiving the retainer 104.

[0095] In some embodiments, the collector 106 is removably engaged with the housing 102
or with the opening end portion of the housing 102. For instance, the collector 106 can be
screwed on or off the housing 102. In some embodiments, the collector 106 is configure to
mate with the housing 102 and sealingly (e.g., liquid tight) engaged with the housing 102 to
prevent liquid leakage. The sealingly engagement of the collector 106 and the housing 102
can be achicved by screw fitting, press fitting, usc of scaling ring(s), and various other

suitable ways.

10096] When the collector 106 is engaging or engaged with the housing 102, the absorbent
member 118 is received in the housing 102. At a certain point, for example, as illustrated in
FIG. 5A, the collector 106 (e.g., the tip of the collector) breaks the penetrable seal 116 of the
retainer 104 that has been inserted into the interior space 112 of the housing 102. As the
collector 106 advances further into the housing 102 as illustrated in FIGS. 5B and 5C, the
collector 106 propels the solution 502 stored in the retainer 104 to flow through the absorbent
member 118. As a result, the biological sample is released from the absorbent member 118

and mixed with the solution to form a stabilized biological sample mixture 504.

[0097] In some embodiments, the collector 106 and the retainer 104 are configured so that
upon insertion of the collector 106 into the retainer 104, the solution is pushed through the
absorbent member 118 and helps clute the biological sample (e.g., blood) from the absorbent
member 118. In a preferred embodiment, the solution in the retainer 104 mixes with the
eluted biological sample during the process of inserting the collector 106 into the retainer
104. In some embodiments, the solution in the retainer 104 contains additives that alter the
properties of the biological sample, for example, by stabilizing the components against

degradation, partially or fully lysing the cells of the biological sample, separating one
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component or species from the biological sample, adding a chemical reagent for diagnostic

testing, or reducing clotting.

[0098] The absorbent member 118 can be made of a variety of materials and configured in a
variety of shapes and sizes. Generally, the material is selected and the absorbent member 118
is configured in accord with the type and the amount of the biological sample to be collected.
In some embodiments, the material is selected so that the absorbent member 118 may
irreversibly bind and retain certain components of the biological sample. Alternatively, the
material may be chosen so that the absorbent member 118 possesses minimal retention of
some or all of the bioclogical components when it is compressed or the biological sample is
eluted off. In various embodiments, the absorbent member 118 is made of a wicking material
comprising cellulosic, polyester, polyvinyl alcohol, foam or other suitable materials. In an

embodiment, the absorbent member 118 is a sponge made of polyvinyl alcohol foam.

[0099] In some embodiments, the absorbent member 118 is configured to absorb or retain a
predetermined amount of the biological sample. For instance, in some embodiments, the
absorbent member 118 collects between 1 uL and 2000 L., between 5 ul. and 200 pL, or
between 20 L. and 100 pL of the biological sample. The absorbent member 118 can be of a
cube, a sheet, a column or any suitable shapes and sizes as long as it can be attached or fitted
to the collector 106. In a preferred embodiment, the absorbent member 118 has a shape and

size that fit to a cavity 212 of the collector 106.

[00100] By way of illustration, FIGS. 2A-2D depict an exemplary collector 106 for
collecting a biological sample in accordance with some embodiments of the present
invention. As illustrated, the exemplary collector 106 comprises a body or a body portion
202 and a stem or a stem portion 204. In an embodiment, the body portion 202 and the stem
portion 204 are made separately and then fixedly coupled to each other. In a preferred
embodiment, the body portion 202 is monolithically or integrally formed with the stem
portion 204, for example, by injection molding or other existing manufacturing methods. In
some embodiments, the body portion 202 is configured such that it serves as a handle when
taking the biological sample and as a seal when engaging with the open end portion 108 of
the housing 102. In some embodiments, the stem portion 204 is configured to include a first
segment 206 proximal to the body portion 202 and a second segment 208 distal to the body

portion 202. In such embodiments, the absorbent member 118 is attached to or fitted in the
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second segment 208 of the stem portion 204. When the collector 106 is engaged with the
housing 102 or the open end portion 108 of the housing 102 (for example, as shown in FIG.
5C), the absorbent member 118 and at feast a portion of the second segment 208 arc received

in the retainer 104 so as to propel the solution to flow through the absorbent member 118.

[00101] The body portion 202 and the stem portion 204 of the collector 106 in the
present invention can be made of various materials. For example, the body portion and the
stem portion 204 can be made of a plastic, a thermoplastic, or a metal. Examples of plastics
include an inert thermoplastic, polycarbonate, polyethylene terephthalate, polyurethane, or a
medical grade polypropylene. Preferably, the collector 106 is made of a material rigid
enough to provide easy and precise handling of the collector 106. More preferably, the
collector 106 is made with a relatively inert thermoplastic such as medical grade
polypropylene. In one embodiment, the body portion 202 and the stem portion 204 are made
of different materials. In another embodiment, the body portion 202 and the stem portion 204

are made of the same material such as a medical grade polypropylene.

100102] In various embodiments, the body portion 202 and the stem portion 204 are
substantially cylindrical and hollow. In some embodiments, such as those illustrated in FIGS.
1A-2D, the body portion 202 and the stem portion 204 are substantially cylindrical, each with
a substantially circular cross section (i.e., the cross section perpendicular to the longitudinal
axis of the body portion 202 or the stem portion 204). The body portion 202 may be
approximately 2 cm to 8 cm long with an average nominal diameter between 1 cm and 3 cm.
The stem portion 204 may be approximately 1 cm to 5 cm long with an average nominal
diameter between 0.5 cm and 2.5 cm. In a preferred embodiment, the body portion 202 is
approximately 4 cm long with an average nominal diameter of approximately 1.5 cm, and the
stem portion 204 is approximately 2 cm long with an average nominal diameter of

approximately 1 cm.

[00103] It is to be understood that the body portion 202 and the stem portion 204 can
be of any suitable shapes and sizes, not necessarily with a substantially circular cross section.
For example, the body portion 202 can be configured to have at least a segment with a
polygonal (e.g., hexagon, heptagon), asymmetric or irregular cross section. Such a segment
may be used as a handle for a user to hold the collector 106 while taking the biological

sample or engaging the collector 106 with the housing 102. Similar, the body portion 202
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can be configured to have at least a segment (e.g., the second segment 208) with a cross

section in accord with the retainer 104 to help propelling the solution out of the retainer 104.

[00104] In some embodiments, the first segment 206 proximal to the body portion 202
is formed with a reservoir 210. The reservoir 210 has a volume that is between 1 uL and
5000 uL, preferably between 20 uL and 1000 uL, or more preferably between 40 uL and 500
uL. The reservoir 210 allows the biological sample released from the absorbent member 118
to mix with the propelled solution. The reservoir 210 can be used to store the mixture of the
biological sample and the solution (e.g., 504 in FIG. 5C) until the mixture is retrieved for

subsequent processes.

[00105] In some embodiments, the second segment 208 distal to the body portion 202
is formed with a cavity 212, and the absorbent member 118 is disposed or inserted in the
cavity 212. The cavity 212 can hold the absorbent member 118 using an adhesive or simply
by friction force. In such embodiments, the stem portion 204 is configured to have a partition
214 formed between the first segment 206 and the second segment 208. The partition 214
prevents the absorbent member 118 from being pushed into the first segment 206 when the
collector 106 is engaging with the housing 102. Meanwhile, the partition 214 is formed with
one or more holes or slots 216, through which the first segment 206 is in fluidic
communication with the second segment 208. In some embodiments, the partition 214 is
formed with a plurality of holes or slots 216 circumferentially distributed along the central
axis of the partition 214. Thus, while preventing the absorbent member 118 from being
pushed into the first segment 206, the partition 214 allows the released biological sample and

the propelled solution flow through and into the first segment 206.

[00106] In some embodiments, the partition 214 is not formed with a hole or slot but is
made of a porous material that allows the first segment 206 in fluidic communication with the
second segment 208. In some embodiments, the partition 214 is made of a material that can
remove an undesired component or components from the biological sample such as blood

cells from a blood sample.

[00107] To prevent the mixture of the biological sample and the solution from flowing
out through the body portion 202, in some embodiments, the collector 106 includes a septum
218 disposed within the body portion 202 and preferably adjacent to the stem portion 204.

The septum 218 is penetrable or pierceable, for example, by a pipette, so that the mixture of
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the biological sample and the solution is accessible and can be retrieved for subsequent use or
processing without removing the collector 106 from the housing 102. Ideally, the penetrable
or picrceable septum 218 1s self-rescaling and can be penetrated multiple times and still
provide a liquid tight seal to the biological sample or the mixture of the biological sample and
the solution. The septum 218 can be made from a variety of materials including vulcanized
rubber, interwoven fabric, or a thermoplastic elastomer. In a preferred embodiment, the

septum 218 is made of a thermoplastic clastomer.

[00108] Additionally or optionally, the collector 106 includes one or more seals,
preferably elastomeric seals. For example, in some embodiments, the collector 106 includes
a first elastomeric seal 220 disposed on an exterior surface of the second segment 208 of the
stem portion 204. The first elastomeric seal 220 provides sealing between the exterior
surface of the second segment 208 of the stem portion 204 and an interior surface of the
retainer 104 when the collector 106 is engaging or engaged with the open end portion 108 of

the housing 102.

[00109] In addition to the first elastomeric seal 220, in some embodiments, the
collector 106 includes a second elastomeric seal 222. The second elastomeric seal 222 can be
disposed at various places. In one embodiment, the second elastomeric seal 222 is disposed
on an exterior surface of the first segment 206 of the stem portion 204. In such an
embodiment, the sccond clastomeric seal 222 provides scaling between the exterior surface of
the first segment 206 of the stem portion 204 and the interior surface of the housing 102
when the collector 106 is engaging or engaged with the housing 102. In another
embodiment, the second elastomeric seal 222 is disposed on an exterior surface of the body
portion 202 adjacent to the stem portion 204. Thus, when the collector 106 is engaging or
engaged with the open end portion 108 of the housing 102, the second elastomeric seal 222
provides sealing between the exterior surface of the body portion 202 and the interior surface
of the housing 102. In some embodiments, the second elastomeric seal 222 also serves as a

coupler that couples the body portion 202 with the stem portion 204,

[00110] The first and second elastomeric seals can be made of various materials,
including but not limited to vulcanized rubber, interwoven fabric, or a thermoplastic
elastomer. The first and second elastomeric seals can be made of the same material or

different materials. In one embodiment, the first and second elastomeric seals arec made
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separately and then coupled to the collector 106. In another embodiment, the first and second
elastomeric seals are made integrally or monolithically with the collector 106, for example,
by injection molding with two or more different materials. 1n still another embodiment, the

first and second elastomeric seals are applied to the collector 106 like a coating.

[00111] In some embodiments, the collector 106 also includes a means or a mechanism
for breaking the penetrable seal 116 of the retainer 104 when the collector 106 is engaging
with the housing 102. The means for breaking the penetrable seal 116 of the retainer 104 can
be configured to have various shapes and sizes. For example, it can be a protruded pointer, a
sharp edge or simply the relatively rigid wall of the second segment 208 of the stem portion
204. In a preferred embodiment, the means for breaking the penetrable seal 116 of the
retainer 104 includes a tooth 224 or a plurality of teeth protruded from an edge of the second

segment 208 of the stem portion 204.

[00112] In some embodiments, the collector 106 is configured to have various
additional or optional features. For instance, in some embodiments, a rib 226 is formed on an
exterior surface of the second segment 208 of the stem portion 204. In the illustrated
embodiments, the rib 226 is formed and circumferentially along the exterior surface of the
second segment 208 of the stem portion 204. When the collector 106 is engaging with the
open end portion 108 of the housing 102, the rib 226 acts as a plunger and help propelling the
solution to flow through the absorbent member 118. In cmbodiments where a scal (e.g., the
first elastomeric seal 220) is disposed on the second segment 208 of the stem portion 204, the
rib 226 also helps retaining the seal in place. In such embodiments, the rib 226 together with
the seal collectively acts as a plunge. In some embodiments, a plurality of ribs is formed on

the exterior surface of the second segment 208 of the stem portion 204.

[00113] In some embodiments, the collector 106 and the housing 102 are configured so
that the collector 106 can be screwed onto the housing 102. For instance, in an preferred
embodiment, the housing 102 is formed with an internal thread or a guide track 402 such as
those illustrated in FIGS. 4B and 4D, and the collector 106 is configured to have one or more
pins 228 for guiding and screwing the collector 106 to the housing 102. Preferably, the one
or more pins 228 are formed on a side wall 230 of the body portion 202 and proximal to the
stem portion 204. More preferably, the collector 106 is configured to have two pins 228
formed on the side wall 230 of the body portion 202 and opposite or substantially opposite to
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each other as illustrated in FIG. 2C. In some embodiments, the one or more pins 228 also
serve as a stopper to prevent the collector 106 from being pushed unintentionally too deep
into the housing 102 and damaging the retainer 104. It is to be understood that the collector

106 and the housing 102 can be engaged in other ways, for example, by press fitting.

[00114] In some embodiments, the collector 106 and the housing 102 are configured
with a locking means or mechanism for interlocking the collector 106 with the housing 102
once the collector 106 is engaged with the housing 102. Such a locking means prevents
unintentional removal of the collector 106 from the housing 102, for example, during
shipping or transporting the device 100 from different locations. For instance, in some
embodiments, the housing 102 is configured to have at least one slot 410 and the collector
106 is configured to have at least one detention 232 corresponding to the at least one slot 410
formed in the housing 102. In a preferred embodiment, the locking means is configured to
provide a visual, tactile or auditory signal that indicatcs proper engagement of the collector
106 with the housing 102. As an example, FIG. 4C illustrates two slots 410 formed at the
open end portion 108 of the housing 102, and FIG. 2D illustrates two detentions or clips 232
formed on a side wall 230 of the body portion 202 of the collector 106. When the collector
106 is engaged with the housing 102, the two clips 232 are received by the two slots 410,
providing a click sound to indicate that the two clips 232 are snapped into the two slots 410.
Preferably, the two slots are formed opposite or substantially opposite to each other and the

corresponding two clips are formed opposite or substantially opposite to each other.

[00115] In some embodiments, the collector 106 is configured to function as a handle
so that the collector 106 can be held steadily when used to take a biological sample or when
being engaged with the housing 102. For instance, in some embodiments, the collector 106 is
configured with an external grip (e.g., 234, 236) formed on a side wall 230 of the body
portion 202 of the collector 106 and preferable at a location distal to the stem portion 204,
The external grip (e.g., 234, 236) can be formed in various configurations, including recesses,
grooves, ribs, pins, protrusions, or any combination of recesses, grooves, ribs, pins, and
protrusions. The number and sizes of the recesses, grooves, ribs, pins, and protrusions can
also be readily varied. By way of illustration, FIG. 2C illustrates an external grip including
ribs 234 and grooves 236 formed on the side wall 230 of the body portion 202 and distal to
the stem portion 204.
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[00116] In some embodiments, the collector 106 is configured to have a surface 240
for placing a brand name or other identification/decoration 238 on the surface 240. The
surface 240 can be flat, curvy, concave or convex. The brand name or other
identification/decoration 238 can be engraved, printed, or molded on the surface 240, or via
other suitable means. As an example, FIG. 2C illustrates a brand name 238 (i.e., DxTerity)

integrally or monolithically molded on the surface 240.

[00117] In some embodiments, the collector 106 includes a filter or a membrane for
generating or separating specifically targeted cells or species from the biological sample. As
an example, FIGS. 15A-15C illustrate a plasma membrane 1502 for generating or separating
plasma from the biological sample. In some embodiments, the plasma membrane 1502 is
disposed within the second segment 208 of the stem portion 204. In some embodiments, the
plasma membrane 208 is disposed within the cavity 212 which is formed at the second
scgment 208 of the stem portion 204. Generally, the plasma membrane 1502 is inscrted into
the cavity 212 prior to the absorbent member 118, for example, before taking the biological

example or at the manufacturing facility site before shipping the device to an end user.

[00118] Turning now to FIGS. 3A-3D, there is depicted an exemplary retainer 104
including a vessel 114 and a penetrable seal 116. The vessel 114 as shown has an open top
302 and a closed bottom 304. In some embodiments, the central portion 308 of the closed
bottom 304 is recessed inwardly toward the open top 302 for compressing the absorbent
member 118. Alternatively, in some embodiments, the central portion 308 of the closed
bottom 304 is a protrusion such as a solid column or post protruded inward from the closed
bottom 304. Having an inwardly recessed central portion or a protrusion 308 reduces the
dead volume and enhances the releasing of the biological sample. For instance, after
collection of a biological fluid, the collector 106 is inserted into the housing 102 that contains
a retainer 104. As the collector 106 advances into the housing 102, the collector 106 (e.g.,
the tooth 224) breaks the penetrable seal 116 as illustrated in FIG. SA, and the absorbent
member 118 comes into contact with the inwardly recessed central portion or the protrusion
308 as illustrated in FIG. 5B. As the collector 106 advances further into the housing 102, the
inwardly recessed central portion or the protrusion 308 compresses the absorbent member

118 and consequently squeezes the biological sample out of the absorbent member 118.
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[00119] Having an inwardly recessed central portion or a protrusion formed in the
central portion of the vessel 114 has other advantages. For instance, the solution or majority
of the solution when stored in the vessel 114 occupics the peripheral space of the vessel 114.
Accordingly, the solution can be easily propelled out through the absorbent member 118,
further enhancing the release of the biological sample. In some embodiments, the vessel 114
of the retainer 104 is tapered with the open top 302 wider than the closed bottom 304, ¢.g.,

the open top 302 has a larger nominal diameter than the closed bottom 304.

[00120] In some embodiments, the housing 102 is formed with a means to support the
retainer 104. For instance, in some embodiments, the housing 102 is configured to have a
seat such as the first seat 404 illustrated in FIGS. 4B and 4D. By way of illustration, the first
seat 404 as shown is formed on an interior surface of the housing 102, and supports the
retainer 104 once the retainer 104 is inserted into the interior space 112 of the housing 102.
Corresponding to the first seat 404, in some embodiments, the vessel 114 is formed with a
flange such as the first flange 310 illustrated in FIGS. 3B, 3D and 4D. The flange is
preferably formed on an exterior surface of the vessel 114 of the retainer 104 so that when the
retainer 104 is inserted into the interior space 112 of the housing 102, the flange abuts the
first shoulder. In a preferred embodiment, the first seat 404 is formed in a shape of a
shoulder or a flange extruded radially inwardly from the interior surface of the housing 102,
and the first flange 310 extends radially outwardly from the exterior surface of the vessel 114
of the retainer 104. The first seat 404 does not necessarily need to be in a contiguous form or
circumferentially along the entire periphery of the interior surface of the housing 102. For
instance, in an embodiment, the first seat 404 includes a plurality of ribs spaced apart (evenly
or unevenly) circumferentially along the interior surface of the housing 102. Similarly, the
flange does not necessarily need to be in a contiguous form or circumferentially along the

entire periphery of the exterior surface of the vessel 114 of the retainer 104.

[00121] Like the body portion 202 and the stem portion 204 of the collector 106, the
vessel 114 of the retainer 104 can be made of various materials. For example, the vessel 114
can be made of a variety of materials including but not limited to plastics or metals.
Examples of plastics include polypropylene, polyethylene, Polyethylene Terephthalate (PET),
polystyrene or polycarbonate. In a preferred embodiment, the vessel 114 is made of a

medical grade polypropylene.
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[00122] The retainer 104 of the present invention can be configured in a variety of
shapes and sizes as long as it can be inserted into the housing 102. Preferably, the vessel 114
of the retainer 104 has a cylindrical shape, with a substantially circular or polygonal cross
section. In an embodiment, it shapes like a cup. In some embodiments, the vessel 114 of the
retainer 104 has a volume between 20 uL and 2000 pL, preferably between 50 pL and 1000
uL, or more preferably between 100 uL and 500 pL.

[00123] In some embodiments, the penetrable seal 116 is made of a thermoplastic
material, a foil coated thermoplastic material, a heat sealable material, or a material coated
with a pressure sensitive adhesive. The penetrable seal 116 is applied onto the vessel 114 by

heat.

[00124] FIGS. 4A-4B illustrate an exemplary housing 102 and an exemplary retainer
104 in accordance with some embodiments of the present invention. The housing 102 in
general is elongated and has an open end portion 108, an closed end portion 110 and an
interior space 112 for accommodating the retainer 104 and engaging with the collector 106.
In a preferred embodiment, the housing 102 has a gencrally cylindrical shape with a
substantially circular or polygonal cross section. The housing 102 may be about 4 cm and 12
cm long with an average nominal diameter between 1 cm and 4 cm. In a preferred
embodiment, the housing 102 is approximately 7 cm long with an average nominal diameter
of approximately 1.8 cm. The housing 102 can be made of various materials, including not
limited to plastics and metals. For instance, the housing 102 can be made of polypropylene,
polyethylene, Polyethylene Terephthalate (PET), polystyrene or polycarbonate. In one

embodiment, the housing 102 is molded with a thermoplastic by injection molding.

[00125] In some embodiments, the housing 102 is configured to have optional or
additional features. For instance, as described herein, the open end portion 108 of the
housing 102 in some embodiments arc threaded with internal threads 402 to facilitate
engagement with the collector 106 and/or insertion of the retainer 104. In some
embodiments, the opening end portion of the housing 102 is also formed with a locking

means such as one or more slots for interlocking with the collector 106.

[00126] In some embodiments, the housing 102 is configured to have additional
features so that the housing 102 can be placed and/or retained in a rack for downstream

processing, for example, using a liquid handling robot or other standard automation and
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testing systems. In one embodiment, the closed end portion 110 of the housing 102 is formed
with a groove extended radially inwardly from an exterior surface of the closed end portion
110 of the housing 102. In another embodiment, the closed end portion 110 of the housing
102 is formed with a shoulder or flange extended radially outwardly from the exterior surface
of the closed end portion 110 of the housing 102. In yet another embodiment, the closed end
portion 110 of the housing 102 is formed with a recess 406 at a bottom of the closed end
portion 110 of the housing 102. By way of illustration, FIGS. 4A-4B illustrate a groove 408
and a recess 406 formed at the closed end portion 110 of the housing 102. FIGS. 9A-9D
illustrate a ring-like rib or flange 902 and a recess 406 formed at the closed end portion 110
of the housing 102. It is to be understood that the groove, shoulder, flange or recess can take
various other configurations including shapes, sizes and locations and in any combination

thereof.

[00127] In the illustrated embodiment, the Bar Code or the RFID tag 1104 is printed on or
attached to a bottom of the housing 102, and the product identification 1102 is printed on or
attached to an exterior surface of the housing 102. It is to be understood that the 2D Data

Matrix Bar Code, the readable product and/or the RFID tag can be placed in some other

locations, for example, on an exterior surface of the housing 102 proximal to the open end

portion 108. It is also to be understood that the device 100 can include other code,

identification or information attached, printed, or engraved to the housing 102 or to the

collector 106.

[00128] Turning to FIGS. 6A-6D, there depicts an alternative exemplary device 600
for collecting and stabilizing biological samples in accordance with some embodiments of the
present invention. The device 600 has a number of features that are similar to or substantially
the same as those of the device 100. For instance, like the device 100, the device 600 also
includes a collector 606, a retainer 604 and a housing 602. The collector 606 includes an
absorbent member 118 for collecting the biological sample. The retainer 604 includes a
vessel 614 for receiving a solution and a penetrable seal 116 for enclosing the solution within
the vessel 614. The housing 602 has an open end portion 608 for engaging with the collector,

an closed end portion 610 and an interior space 112 for receiving the retainer.
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[00129] FIGS. 7A-7D depict an exemplary collector 606 for collecting a biological
sample in accordance with some embodiments of the present invention. The exemplary
collector 606 is configured to include a body portion 202 as described herein with respect to
the collector 106 and a stem portion 702. In the illustrated embodiment, the stem portion 702
includes a first segment 704 proximal to the body portion 202 and a second segment 208
distal to the body portion 202. The absorbent member 118 is attached to, glued on or fitted in
the second segment 208 of the stem portion 702. Like the stem portion 204 of the collector
106, in some embodiments, the stem portion 702 is configured to have a partition formed
between the first segment 704 and the second segment 208 to prevent the absorbent member
from being pushed into the first segment 704 while allowing the released biological sample

and the propelled solution flow through and into the first segment 704,

[00130] Unlike the stem portion 204 of the collector 106, the first segment 704 of the
stecm portion 702 is not formed with a reservoir. Instead, the first segment 704 of the stem
portion 702 is formed with one or more open slots 706 to allow the released biological

sample and the propelled solution flow through.

[00131] In accord with the stem portion 702, the retainer 604 is configured to include a
reservoir 802, preferably formed adjacent to the open top 302 of the vessel 614, as illustrated
in FIGS. 8A-8D. In some embodiments such as those illustrated in FIGS. 10A-10B, the
reservoir 802 is configured to receive the first segment 704 of the stem portion 702. Together
with the first segment 704 of the stem portion 702, the reservoir 802 facilitates the mixing of
the biological sample with the solution and stores the mixture of the biological sample and

the solution.

[00132] In some embodiments, the retainer 604 includes a retention, such as the
retention 804 illustrated in FIGS. 8E-8G, to retain the solution within the retainer 604. The
solution retention 804 is preferably disposed between the solution received in the vessel and
the penetrable seal. As shown in FIGS. 8E-8G, after the solution is received in the vessel, the
solution retention 804 can be pushed into the vessel before sealing the vessel 614 with the
penetrable seal 116. To support the solution retention 804, in some embodiments, the vessel
614 is configured with a seat or shoulder 808 formed on an interior surface of the vessel 614,
Correspondingly, the solution retention 804 is configured with a flange 806 formed on an

exterior surface of the solution retention 804. When the solution retention 804 is pushed into
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the vessel 614, the flange 806 abuts the seat or shoulder 808, thereby supporting the solution
retention 804 in place and preventing the solution retention 804 from being pushed into the

solution.

[00133] Turning now to FIG. 12, there depicts an exemplary kit 1200 for collecting
and stabilizing a biological sample in accord with some embodiments of the present
invention. The kit can be used at an end user’s home, a homecare, or other facilities. It
allows a user to self-collect a biological sample at his/her location (e.g., home) and then mail
the sample, for instance, to a testing lab for subsequent processing. It is to be understood that
the kit can also be used by a healthcare professional (e.g., a nurse) or other personnel to take

a sample.

[00134] The kit in general includes a collector (e.g., collector 106, 606), a retainer
(e.g., retainer 104, 604) and a housing (e.g., housing 102, 602). The retainer can be made
separately and pre-assembled with the housing before shipping the kit to an end user.

Preferably, the retainer is assembled with the housing at a manufacturing site.

[00135] In some embodiment, the kit also includes one or more lancets 1202, for
example, two lancets as illustrated in FIG. 12, The lancets 1202 can be used for penetrating a
membrane of an end user (e.g., a skin of a finger) to provide the biological sample (e.g.,
blood). In some embodiments, the kit includes a casing 1204 such as a box for
accommodating the collector, the housing with the retainer, and/or the lancets. In some
embodiments, the kit includes other optional or additional components. For instance, in some
embodiments, the kit includes one or more preparation pads 1206 for cleaning and preparing
a collection site (e.g., finger, foot) prior to collecting the biological sample. The preparation
pads may be alcohol disinfectant pads. In some embodiments, the kit includes one or more

band-aids 1208 for protecting the collection site after collecting the biological samples.

[00136] The collection and stabilization device and kit of the present invention can be
used in a variety of applications. For instance, the collection and stabilization device and kit
can be used to collect and stabilize blood or other bodily fluids from a patient’s fingertip,
earlobe, heel or other locations. By way of illustration, FIG. 13 is a flow chart illustrating an
exemplary method 1300 using the devices or the kits of the present invention to collect and
stabilize a biological sample. In some embodiments, the method includes step S1310 of
providing a collector comprising an absorbent member, a housing, and a retainer inseartable

into the housing, step S1340 of collecting the biological sample by the absorbent member of
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the collector, and step S1350 of sealingly engaging the collector with the housing. The
retainer contains a solution and has been inserted into an interior space of the housing prior to
engaging the collector with the housing. As described herein with respect to the device 100,
600, the sealingly engaging of the collector with the housing breaks a penetrable seal of the
retainer and propels the solution retained in the retainer to flow through the absorbent
member. Consequently, the biological sample (or a percentage or certain components of the
biological sample) is released from the absorbent member and mixed with the solution to

form a stabilized mixture of the biological sample with the solution.

[00137] In some embodiment, the sealingly engagement involves screwing the
collector into the housing. As it advances down into the housing, the collector pierces the
sealing film of the retainer, exposing the absorbent member to the solution 502 in the
retainer, as illustrated in FIGS. 5A and 10A-10B. As the collector advances further down
into the housing, the absorbent member comes into contact with the inwardly recessed central
portion or the protrusion as illustrated in FIGS. 5B and 10C. The screwing process of the
collector continues, and the absorbent member is compressed until it hits a hard stop, as
illustrated in FIGS. 5C and 10D. At this point, in some embodiments, the interlocking

mechanism engages, prohibiting unintentional removal of the collector from the housing.

[00138] In some embodiments, the method includes some optional or addition steps.
For instance, prior to collecting the biological sample, a user or a professional may usc a
lancet to penetrate a membrane of a user at a collection site (e.g., pierce a fingertip or foot) at
step S1330. In some embodiments, prior to penetrating the membrane, the collection site is
cleansed and prepared, for example, by a preparation pad and preferably a pre-prepared
alcohol pad at step S1320. After the collector is sealingly engaged with the housing, the
device along with the housing and the retainer is shipped or transported to a receiver (e.g., a
testing lab, a provider) at step 1360. Once the collector is received, the biological sample can
be retrieved, for example, by a pipette, for subsequent processing at step S1370. In some
embodiments, the subsequent processing includes detecting a target sequence in the

biological sample collected by the collector.

[00139] FIG. 14 illustrates an exemplary method 1400 using the devices or the kits of
the present invention to collect and stabilize blood from a fingertip. In some cases, it is

preferable to wash hands thoroughly with soap and warm water and then use the alcohol prep
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pad to wipe clean and prepare the collection site before puncturing the fingertip. After the
preparation, place the tip of the lancet onto the collection site of the targeted fingertip and
press the trigger to draw blood. Touch the collector (e.g., the absorbent member in the cavity
of the collector) to the collection site to absorb the blood. In some case, it is preferable to
massage the finger to maintain the flow of blood so as to ensure collection of a predetermined
amount (e.g., 80 uL) of the blood. Once the predetermined amount of the blood is collected
or the absorbent member reaches its full capacity, insert the collector (or the stem portion of
the collector) into the housing and screw the collector until it is fully engaged with the
housing. Ship the collector along with the housing to a receiver (e.g., testing lab) for

subsequent processing.

Detection of Samples

[00140] The practice of the present invention may employ, unless otherwise indicated,
conventional techniques and descriptions of organic chemistry, polymer technology,
molecular biology (including recombinant techniques), cell biology, biochemistry, and
immunology, which are within the skill of the art. Such conventional techniques include
polymer array synthesis, hybridization, ligation, phage display, and detection of hybridization
using a label. Specific illustrations of suitable techniques can be had by reference to the
example herein below. However, other equivalent conventional procedures can, of course,
also be used. Such conventional techniques and descriptions can be found in standard
laboratory manuals such as Genome Analysis: A Laboratory Manual Series (Vols. [-[V),
Using Antibodies: A Laboratory Manual, Cells: A Laboratory Manual, PCR Primer; A
Laboratory Manual, and Molecular Cloning: A Laboratory Manual (all from Cold Spring
Harbor Laboratory Press), Stryer, L. (1995) Biochemistry (4th Ed.) Freeman, New York,
Gait, “Oligonucleotide Synthesis: A Practical Approach” 1984, IRL Press, London, Nelson
and Cox (2000), Lehninger, Principles of Biochemistry 3rd Ed., W. H. Freeman Pub., New
York, N.Y. and Berg et al. (2002) Biochemistry, 5th Ed., W. H. Freeman Pub., New York,
N.Y.

[00141] The present systems are directed to the collection of biological samples,
particularly blood, that contain sufficient cells (including viruses) to do molecular diagnostic

analyses.
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[00142] As will be appreciated by those in the art, there are a number of existing
technologies that are used in molecular diagnostics, any one of which can be done on the
collected samples of the invention, including PCR (real-time, multiplex, digital, etc.),

microarray analysis, capillary electrophoresis, etc.

[00143] In one embodiment, the samples are processed using chemical ligation, which

is generally described in US Publications No. US Pub. Nos 2010/267585 and 2013/0005594.

[00144] As depicted generally in Figure 16, in CLPA, the methods utilize two or more
ligation probes (also referred to herein as “oligonucleotide probes”) that reversibly bind a
target nucleic acid in close proximity to each other and possess complementary reactive
ligation moieties. In the ligation reaction, when the probes have bound to the target in the
proper orientation, they are able to undergo a spontaneous chemical ligation reaction that
yields a ligated oligonucleotide product that does not rely on the use of a ligase enzyme. The
presence of the target(s) of interest can then be determined by measuring the presence or
amount of ligated oligonucleotide product (also referred to herein as a “ligation product”) in a
number of different ways. As is described below, the ligation probes can contain a variety of
additional functionalities, including, but not limited to, detectable labels to aid in the
identification, quantification or detection of the ligated oligonucleotide product, including,
for example, direct labels such as optical (including fluorescent labels, particularly covalently
attached fluorescent labels such as are known in the art), and electrochemical labels, etc., as
well as optional variable spacer sequences or “size tags” comprising nucleic acid sequences
that are sized to be specific for a particular target, such that detecting ligation products (or
amplicons generated from such ligation products) of a particular size identifies the presence
and/or amount of a particular target nucleic acid sequence (for example for use in capillary
electrophoresis (CE) analysis as shown in Figure 15, which is one (non-limiting) method of
detection. Another optional functionality for inclusion in one or more of the ligation probes
are capture moieties designed for subsequent capture on a solid support (e.g. microarrays,
microbeads, nanoparticles, etc.), which include, but are not limited to, binding partners such
as biotin, anchoring oligonucleotide sequences (also referred to herein as “anchor sequences”

or “capture sequences”) molecular handles that promote the concentration or manipulation of
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the ligated product (magnetic particles, oligonucleotide coding sequences), and promoter and
primer sequences to facilitate subsequent secondary amplification of the ligated product via

an cnzyme like a DNA or RNA polymcrase.

[00145] Preferably, the ligation reactions of the invention do not require the presence
of exogeneously added ligases, nor additional enzymes, although some secondary reactions
may rely on the use of enzymes such as polymerases, as described below. Amplification of
the target may also include turnover of the ligation product, in which the ligation product has
a lower or comparable affinity for the template or target nucleic acid than do the separate
ligation probes. Thus, upon ligation of the hybridized probes, the ligation product is released
from the target, freeing the target to serve as a template for a new ligation reaction.
Alternatively, thermal cycling can be done to remove a ligation product from the target

sequence and allow new ligation probes to hybridize for another cycle of ligation.

[00146] The invention provides compositions, apparatus and methods for the detection
of one or more nucleic acid targets in a sample including, but not limited to, DNA and RNA
targets. Advantages of using non-enzymatic approaches for nucleic acid target detection
include lower sensitivity to non-natural DNA analog structures, ability to use RNA target
sequences and lower cost and greater robustness under varied conditions. In particular, the
methods described herein do not require significant sample preparation; that is, the ligation
reactions can be performed in the presence of contaminants and buffers that would inhibit or
inactivate enzymatic processes for detection. For example, blood samples can be collected
into highly denaturing stabilization buffers, the probes added and the reactions occur, under
conditions that would denature an enzymatic process. This ability to analyze target nucleic
acids, particularly RNA, in impure samples is of particular use in applications such as
medical diagnostics (including gene expression profiling and SNP detection), forensic
applications, and testing for damage due to environmental toxins and/or radiation. In
addition, methods and compositions of the present invention are useful in detection of nucleic
acids from samples that are degraded, including paraffin-embedded samples in which the
process of fixing and embedding in paraffin resulted in degradation of the samples’ nucleic

acids.

[00147] In addition, one embodiment of the invention provides for assays relating to

target nucleic acid “integrity”. That is, as is known in the art with mRNA, for example, or
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nucleic acids in fixed samples, the nucleic acids are degraded over time. As is shown in the
figures, if chemical ligation is used for detection, multiple ligation complexes are used to
allow for an assessment of the integrity of the sample. Similarly, the use of these multiple
ligation complexes per target sequence can also be used for data and assay integrity through

redundancy, similar to running samples in duplicate or triplicate, for example.

[00148] In further aspects, the collection system of the present invention provides
buffers that serve to stabilize nucleic acids in a sample and other functionalities. In some
embodiments, the device contains reagents which stabilize nucleic acids (also referred to
herein as “sample nucleic acid ” or “target nucleic acids”). By “stabilize” as used herein is
meant that the nucleic acids in a sample are resistant to degradation even when stored at
ambient room temperature or above for a period of time. In some embodiments, nucleic acids
contained in buffers of the invention are stable at room temperature or above for about one
day to about thrcc months. Stability can be measured using any means known in the art,
including assays for nucleic acid integrity as further discussed below. In further
embodiments, a sample comprising nucleic acids contained in a buffer of the invention is
assessed as having increased stability as compared to a sample that was not stored in the
buffer if at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% of the nucleic acids
in the sample stored in the buffer show less degradation than those in the sample that was not
stored in the buffer. In yet further embodiments, a sample is identified as being stabilized by
the buffers of the present invention if at least a majority of the nucleic acids in the sample
show reduced degradation as compared to a sample that was not stored in the buffer.

Stability of RNA samples are often assessed by Capillary Electrophoresis methodologies that
look to measure the average size of the nucleic acid sample. Stabilized samples will have a
longer average size than non-stabilized samples. Another aspect included herein is the use of
multiple ligation probe sets combined with one or more target capture probes that can be used
to asscss the average size of a target nucleic acid, and by correlation, the level of degradation

of the target nucleic acid.

[00149] Buffers of the invention can optionally and in any combination include one or
more of a denaturant, a reducing agent, a surfactant, a pH buffer, a chelator such as EDTA,
and any combination thereof. As will be appreciated, buffers of the invention may include

multiple types of components within the same class — e.g., buffers of the invention may
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include one or more different kinds of denaturants in combination with one or more types of

surfactants, and so on.

[00150] An advantage of the buffers of the present invention is that they can be used to
stabilize nucleic acids such as RNA in a sample and then the sample can be directly analyzed
from the buffer solutions in accordance with the methods described herein. In other words,
samples contained in buffer solutions of the invention can be subjected to the chemical
ligation and detection methods described herein without isolation or purification of the RNA.
Another advantage of the buffers of the invention is that cell lysis occurs upon the collection
of the sample in the buffer, thus not requiring an additional lysis step to release the target

nucleic acids from the sample.

[00151] In an exemplary embodiment, a sample comprising RNA can be combined in
a buffer solution comprising guanidinium hydrochloride, ethylenediaminetetraacetic acid
(EDTA), dithiothreitol (DTT), Triton X-100™, and Tris-HCL at a pH of 7.5. In another
embodiment, the sample comprising RNA can be combined in a buffer solution comprising
guanidinium isothiocyanate, EDTA, DTT, Triton X-100™ and Tris-HCl at a pH of 7.5.
The RNA is stable in such buffer solutions and it is not necessary to isolate the RNA from

other sample constituents which may enhance degradation of the RNA.

[00152] In further embodiments, the buffers of the invention preferably include a
denaturant, particularly a chaotropic cation, that has the effect of increasing reaction and
binding efficiency in the methods and assays described herein by helping to unfold the
secondary structure of the RNA. Common chaotropic molecules are guanidinium
hydrochloride, guanidinium isothiocyanate, betaine or glycline betaine, urea, thiourea, and
lithium perchlorate. Without being bound by theory, chaotropic agents that are effective in
breaking of tertiary structure in nucleic acids are preferred and chaotropic agents that also
maintain the solubility of the nucleic acid target in solution are particularly beneficial. An
advantage of buffers of the invention, particularly buffers comprising a chaotropic cation, is
that the buffer keeps the nucleic acids of the sample in solution. This is in contrast to other
traditional buffers used in transport systems for blood-based tests, which tend to
precipitate/form a cationic shell around the nucleic acids of the sample (particularly RNA).
Since the buffers of the invention keep the nucleic acids in solution, and since the chemical

ligation methods of the assays of the invention do not require enzymes, a sample can be

34

Date regue / Date received 2021-10-29



CA 02951561 2016-12-07

WO 2015/191777 PCT/US2015/035200

collected into a buffer and the ligation probes (and in many embodiments, target capture
probes) can be added to the sample and ligation products formed. To change hybridization
conditions to then relcase the ligation products or target complexes for further analysis, the
sample plus buffer can simply be diluted to dilute the denaturant and thereby change the
hybridization conditions, thus allowing analysis of the nucleic acids using any of the methods

described herein and known in the art.

[00153] In further embodiments, the buffers of the invention have a pH of about 5 to
about 8.5. More preferably the buffer solution has a pH of about 6 to 8 and even more

preferably, a pH of approximately 7.3 or 7.5.

[00154] The following sections discuss exemplary buffer components in further detail.
Although each of these components is discussed separately, the present invention
encompasses any combination of the following buffer components as well as any other

components known in the art.
[00155] Denaturants

[00156] In preferred embodiments, buffers of the present invention include one or
more denaturants. By denaturant as used herein is meant any substance that serves to unfold
the double helix of nucleic acids with loss of secondary and tertiary structure. In further
cmbodiments, the denaturants comprisc a chaotropic cation, including without limitation

guanidinium hydrochloride (GuHCI) and guanidinium isothiocyanate.

[00157] In further embodiments, the denaturant is guanidinium hydrochloride, which is
present in a concentration from about 1 molar to about & molar and more preferably, a
concentration of about 2 molar to about 4 molar, and even more preferably, a concentration
of approximately 3 molar. In further embodiments, concentration of GuHCI in buffers of the
invention range from about 0.2-10, 0.5-9, 1-8, 1.5-7, 2-6, 2.5-5, and 3.0-4.0 molar. In still
further embodiments, concentrations of GuHCI1 in buffers of the invention are about 0.5, 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14 or 15 molar.

[00158] In other embodiments, the denaturant is guanidinium isothiocyanate, which is
present in a concentration from about 1 molar to about 8 molar and more preferably, a
concentration of about 2 molar to about 4 molar, and even more preferably, a concentration

of approximately 3 molar. In further embodiments, concentration of guanidinium
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isothiocyanate in buffers of the invention range from about 0.2-10, 0.5,-9, 1-8, 1.5-7, 2-6, 2.5-
5, and 3.0-4.0 molar. In still further embodiments, concentrations of guanidinium
isothiocyanate in buffers of the invention are about 0.5, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,

14 or 15 molar.

[00159] As will be appreciated, other denaturants known in the art can be used in
buffers of the invention at similar concentrations as those listed above for guanidinium

hydrochloride and guanidinium isothiocyanate.

[00160] In some embodiments, such as with the use of high concentrations of salts
such as guanidinium salts, these reagents also serve as lysis agents. As will be appreciated by
those in the art, in general, the use of a denaturant that also serves as a cell lysis agent is of
particular use, although the present invention also contemplates the use of a first separate

lysis step followed by the addition of the denaturant.
[00161] Surfactants

[00162] In some embodiments, buffers of the present invention include one or more
surfactants. In further embodiments, the surfactant includes without limitation Triton

X-100™ and sodium N-lauroylsarcosine.

[00163] In further embodiments, the surfactant is present in buffers of the invention at
a concentration from about 0.1% to about 5% by weight. In still further embodiments, the
surfactant is present in a concentration of about 0.1%-10%, 0.5%-9.5%, 1%-9%, 1.5%-8.5%,
2%-8%, 2.5%-7.5%, 3%-1%, 3.5%-6.5%, 4%-6%, and 4.5%-5.5% by weight. In preferred
embodiments, the surfactant has a concentration of about 0.5% to about 3%. In a further

embodiment, the surfactant has a concentration of approximately 1.5% by weight.
[00164] ph Buffer

[00165] In some embodiments, buffers of the present invention include one or more
pH buffers. Such pH buffers include without limitation Tris. In other embodiments the pH
buffer can be one of many known by those skilled in the art. Generally the pH buffer used in

the present invention includes an agent that has a pKa within one pH unit of the operating pH.

[00166] In some embodiments, the pH buffer is present in buffers of the invention at a
concentration from about 10 mM to about 100 mM. In preferred embodiments, the pH buffer

has a concentration of about 20 mM to about 50 mM and more preferably, a concentration of
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approximately 30 mM. In further embodiments, the pH buffer has a concentration of about

5-150, 10-140, 15-130, 20-120, 25-110, 30-100, 35-90, 40-80, 45-70, and 50-60 mM.
[00167] Reducing agents

[00168] In some embodiments, buffers of the present invention include one or more
reducing agents. Such reducing agents can include without limitation Dithiothreitol (DTT)

and mercaptocthanol.

[00169] In further embodiments, the reducing agents have a concentration from about
I mM to about 100 mM. In preferred embodiments, the reducing agent has a concentration
of about 4 mM to about 7 mM and even more preferably, a concentration of approximately 5
mM. In still further embodiments, the reducing agents have a concentration of about 0.5 —
10, 1-9.5, 1.5-9, 2-8.5, 2.5-8, 3-7.5, 3.5-7, 4-6.5 mM. In yet further embodiments, the
reducing agents have a concentration of about 1-150, 10-140, 15-130, 20-120, 25-110, 30-
100, 35-90, 40-80, 45-70, and 50-60 mM.

100170] EDTA

[00171] In further embodiments, buffers of the invention include EDTA at a
concentration of from about I mM to about 100 mM. More preferably the EDTA has a
concentration of about 10 mM to about 50 mM and even more preferably, a concentration of
approximately 20 mM. In further embodiments, the EDTA is present at a concentration of
about 1-150, 10-140, 15-130, 20-120, 25-110, 30-100, 35-90, 40-80, 45-70, and 50-60 mM.
In still further embodiments, the EDTA has a concentration of about 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60 mM.

[00172] Additional buffer components

[00173] The buffers of the invention may further include any additional components
known in the art, particularly components known in the art to be of use in reactions involving
nucleic acids. Additional components may include without limitation: adjuvants, diluents,
binders, stabilizers, salts (including NaCl and MgClI2), lipophilic solvents, preservatives, or
the like. Buffer components may also include pharmaceutical excipients and additives,
proteins, peptides, amino acids, lipids, and carbohydrates (e.g., sugars, including
monosaccharides, di-, tri-, tetra-, and oligosaccharides; derivatized sugars such as alditols,

aldonic acids, esterified sugars and the like; and polysaccharides or sugar polymers), which
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can be present singly or in combination, comprising alone or in combination 1-99.99% by
weight or volume. Exemplary protein excipients include serum albumin such as human
serum albumin (HSA), recombinant human albumin (rHA), gelatin, casein, and the like.
Representative amino acid/antibody components, which can also function in a buffering
capacity, include alanine, glycine, arginine, betaine, histidine, glutamic acid, aspartic acid,
cysteine, lysine, leucine, isoleucine, valine, methionine, phenylalanine, aspartame, and the
like. Carbohydrate excipients are also intended within the scope of this invention, examples
of which include but are not limited to monosaccharides such as fructose, maltose, galactose,
glucose, D-mannose, sorbose, and the like; disaccharides, such as lactose, sucrose, trehalose,
cellobiose, and the like; polysaccharides, such as raffinose, melezitose, maltodextrins,
dextrans, starches, and the like; and alditols, such as mannitol, xylitol, maltitol, lactitol,

xylitol sorbitol (glucitol) and myoinositol.

[00174] In many embodiments, the DxCollect buffer is used, which is 4.5 M guanidine
hydrochloride, 120 mM sodium citrate, 80 mM citric acid, 20 mM EDTA and 0.1 % (v/v)
Triton X-100™., The starting pH is 4.1 and about 5.0 after mixing with blood. The target
buffer The target buffer to blood ratio is 2 parts buffer to 1 part blood, but it has a wide use
range including up to at 5 parts buffer to 1 part blood. At 2:1 buffer to blood, the stabilized
blood GuHCl concentration is 3.0M. As discussed herein, the chemical ligation assays
described herein can be done in the stabilization buffer. When other assays are used, such as
those that rely on enzymes (polymerase, ligase, etc., which generally denature in high salt
concentrations), the stabilized sample can either be dilnted down to acceptable GuHCI
concentrations (usually at least 10 fold dilutions) or the target analyte (e.g. nucleic acid) is
isolated (RNA or DNA) using standard kits including PaxGene, Agencourt (bead based) or
Norgen kits. Alternatively, cell-free DNA/RNA testing can be done using cell stabilization
buffers like those sold by Streck by Streck under the trade name Cell Free DNA BCT® and
Cell Free RNA BCT®.

[00175] Such buffers in general include a denaturant comprising a chaotropic cation,
including in a non-limiting embodiment, guanidinium hydrochloride. In specific
embodiments of the invention, a sample is collected directly into a buffer of the invention,
and then subsequent hybridization and ligation of ligation probes is conducted in that buffer
without need of purification of the nucleic acids from the sample. In certain embodiments,

the sample collected into the buffer is first diluted and then subsequently methods described

38

Date regue / Date received 2021-10-29



CA 02951561 2016-12-07

WO 2015/191777 PCT/US2015/035200

herein of hybridizing and ligating two or more ligation probes are conducted within that

diluted sample without need of purification of the target nucleic acids in the sample.

[00176] As discussed above, ligation probes of the invention are hybridized to a target
nucleic acids and then ligated without the use of a ligase enzyme. Following ligation, the
new product generated (the “ligation product”) can optionally be amplified by an enzymatic
or chemical reaction. In the preferred embodiment, the chemical ligation reaction joins two
probes that have PCR primer sites on them, e.g. universal PCR primers. Additionally, in one
embodiment of the invention, one or both ligation probes contain a stuffer sequence, or
variable spacer sequence, which is designed to have differing lengths for each probe set (i.e.
each target sequence) thereby resulting in a ligation product having a target-specific length.
Following ligation a defined length oligonucleotide can now be exponentially amplified by
PCR. In accordance with one aspect of the invention, the probes can possess detectable
labels (c.g. fluorescent labels, clectrochemical labels, magnctic beads, nanoparticles, biotin,
etc.) to aid in the identification, purification, quantification or detection of the ligated
oligonucleotide product. The probes may also optionally include in their structure: anchoring
oligonucleotide sequences designed for subsequent capture on a solid support (microarrays,
microbeads, nanoparticles), molecule handles that promote the concentration or manipulation
of the ligated product (magnetic particles, oligonucleotide coding sequences), and promoter
sequences to facilitate subsequent secondary amplification of the ligated product via an

enzyme like a DNA or RNA polymerase.

[00177] The ligation reactions of the invention proceed rapidly, are specific for the
target(s) of interest, and can produce multiple copies of the ligated product for each target(s),
resulting in an amplification (sometimes referred to herein as “product turnover”) of the
detectable signal. The ligation reactions of the invention do not require the presence of
exogeneously added ligases, nor additional enzymes, although some secondary reactions may
rely on the use of enzymes such as polymerases, as described below. Ligation chemistries
can be chosen from many of the previously described chemical moieties. Preferred
chemistries are ones that can be easily incorporated into routine manufacture techniques, are
stable during storage, and demonstrate a large preference for target specific ligation when
incorporated into a properly designed ligation probe set. Additionally, for embodiments
which involve subsequent amplification by an enzyme, ligation chemistries and probe designs

(including unnatural nucleotide analogs) that result in a ligation product that can be
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efficiently processed by an enzyme are preferred. Amplification of the target may also
include turnover of the ligation product, either by destabilization, e.g. in which the ligation
product has a lower or comparable affinity for the template or target nucleic acid than do the
separate ligation probes, or by standard thermocycling in the presence of excess probes.
Thus, upon ligation of the hybridized probes, the ligation product is released from the target,

freeing the target to serve as a template for a new ligation reaction.

[00178] In further aspects of the invention and as is discussed in further detail below,
specificity of the assays of the invention are optionally improved through the use of target
capture probes. Target capture probes of the invention include a domain complementary to a
domain on the target nucleic acid and a capture moiety. The target capture probes do not
participate in the ligation reaction with the ligation probes, but are instead designed to
hybridize to the target nucleic acid upstream or downstream from the ligation probes.
Hybridization of the target capturc probe to the target nucleic acid produccs a target complex
that includes the target nucleic acid, the target capture probe, and any ligation products
formed on the target nucleic acid. The target complex can then be bound to a surface or
substrate (such as a bead), and any unbound reactants can be separated from the target
complexes bound to the surface or substrate. Thus, since any subsequent amplification
and/or detection steps are performed on the subset of the original sample of target nucleic
acids that were successfully hybridized with ligation probes, the specificity of the subsequent

assays is improved.

Examples

[00179] The following section describes experiments performed using the devices or

kits of the present invention.
Example 1: Consistency of Fluid Sample Uptake

[00180] 10 collector devices that cach contained a 4mm x 4mm x 9mm open cell,
medical grade polyvinyl alcohol sponge in the collector tip were tested for the consistency of
their fluid absorption. The sponge was pressure fit into the collector cavity. 200 microliters
of water was pipeted onto a hydrophobic parafilm surface and allowed to bead up. The
film/watcr was weighed prior to testing. Each collector tip was brought into contact with the

water drop and held there for 10 seconds allowing the water to absorb into the sponge. The
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films were reweighed after removal for the collector and the weight of water absorbed was
determined. The weight was converted to microliters by assuming a water density of 1 gram
per ml (Table 1). The average water absorption of the sponges was 107.2 ul + 1.6

microliters.

Table 1: Consistency of fluid absorption by collectors
Collector # Microliters absorbed
1 106.5
104.3
108.9
109.4
107.6
105.4
107.4
108.6
108.1
0 106.0
Average 107.2
SD 1.64

W |

— \O |0 [ |[OY | | B

Example 2: RNA stabilization at ambient temperature followed by RNA isolation

[00181] 5 collector devices were assembled. 200 ul of DxCollect™ RNA stabilization
buffer was loaded into the retainer cups and the tops were heat sealed with piercable polymer
coated foil (product code 4ti-0530- 4titude LTD). The retainer cups were placed into the
collection tubes. A volunteer pricked their finger using a Surgilance SL250 safety lancet
(SLB250). The first drop of blood was wiped away with a gauze pad and then 100
microliters of blood was collected by placing the tip of the collector with a 4mm x 4mm x
9mm polyvinyl alcohol sponge against the blood drop. After the blood collection sponge was
full as indicated by the red color of the sponge, the collector was inserted into the transport
tube and screwed down until it clicked into place. During the screwing process, the tip of the
collector pierced the polymer coated foil, allowing the DxCollect buffer to mix with the

blood samples. This collection process was repeated 4 more times on the same volunteer.

[00182] One sample was immediately placed in the freezer at -20°C, and the other
samples were stored at room temperature for 3, 6, 9 and 12 days before freczing. Once all of

the room temperature time points were complete, the samples were thawed and the samples
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were accessed by piercing the resealable septa with a 200 ul pipet tip. 150 pL of stabilized
blood was removed from the collected and added into a nuclease free 1.7 mL microfuge tube
to which 50 pL of DxCollect RNA Precipitation Solution (DxTerity; Rancho Dominguez,
CA) was added. Total RNA was extracted from the whole blood collected in DxCollect
buffer using the Norgen Total RNA Purification Kit (Norgen Biotek Corp, Cat. No. 37500).
Briefly, the RNA was mixed by vortexing for 15 seconds followed by centrifugation at
13,000 RPM in a microcentrifuge for 15 minutes at 4°C. The supernatant was then discarded
and the RNA pellet resuspended in Norgen Lysis Buffer, and the purification was completed
with the Norgen Total RNA Purification Kit according to manufacturer’s instructions. After
RNA isolation, all extracted RNA samples were analyzed for RNA concentration and RNA
Integrity Number (RIN) scores using the Agilent 2100 Bioanalyzer RNA Nano kit according
to manufacturer’s directions (7). The Agilent Bioanalyzer RNA assay leverages
microfluidics technology, enabling the quality analysis of RNA using only 1ul of sample. The
assay is run on the Agilent 2100 Bioanalyzer instrument and utilises the Agilent 2100 Expert
Software to analyze and display results. An RNA Integrity Number (RIN score) is generated
for each sample on a scale of 1-10 (1=lowest; 10=highest) as an indication of RNA quality.

The 18s/28s ratio and an estimation of concentration is also produced.

[00183] The RIN scores for the samples are shown in table 2.
Table 2: RNA stability overtime
Nanograms
Days stored at room RNA Integrity | of Isolated

Sample temperature Number (RIN) | RNA

1 0 7.5 65

2 3 7.4 255

3 6 7.1 325

4 9 6.6 340

5 12 6.5 355

Example 3: Isolation of DNA and RNA from samples shipped by US mail
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[00184] 10 collector devices were assembled. 200 ul of DxCollect™ RNA
stabilization buffer was loaded into the retainer cups and the tops were heat sealed with
piercable polymer coated foil (product code 4ti-0530- 4titude LTD). The retainer cups were
placed into the collection tubes. 5 volunteers were each given 2 collection devices along with
directions for use, a small US priority mail flat rate box with prepaid postage, and a small
Ziploc bag containing 37 x 3" universal sorbent pad (Uline S-7247). The volunteers took the
items home and self-collected 2 blood samples using the following steps: 1. Wash hands
thoroughly with soap and warm water 2.) Clean puncture site with an alcohol swap 3.) Place
tip of the safety lancet (Surgilance SLB250) onto the target fingertip and press the trigger. 4.)
Touch the collection stick to the drop of blood to absorb the blood. Continue to massage the
finger to maintain flow until the sponge is full 5.) Once the collection sponge is full, insert
the collection stick into the transport tube. 6.) Twist the applicator while pushing down until

the collection stick seats firmly and clicks into the transport tube.

[00185] After collecting the blood samples, the closed collection devices were inserted
the absorbent containing Ziploc bag and sealed. The bags were placed into the priority mail
boxes and dropped in a US mailbox. The samples were received 1 to 5 days after mailing.
The samples were frozen at -20°C upon receipt and stored until the last device was received.
The tubes were thawed at room temperature and both RNA and DNA was isolated from the

blood samples.

[00186] The RNA was isolated by pipeting 150ul of blood from the sealed collection
devices via accessing through the pierceable septa. 150 uL of stabilized blood was added into
a nuclease free 1.7 mL microfuge tube to which 50 pL of DxCollect RNA Precipitation
Solution (DxTerity; Rancho Dominguez, CA) was added. Total RNA was extracted from the
whole blood collected in DxCollect buffer using the Norgen Total RNA Purification Kit
(Norgen Biotek Corp, Cat. No. 37500). Briefly, the RNA was mixed by vortexing for 15
seconds followed by centrifugation at 13,000 RPM in a microcentrifuge for 15 minutes at
4°C. The supernatant was then discarded and the RNA pellet resuspended in Norgen Lysis
Buffer, and the purification was completed with the Norgen Total RNA Purification Kit
according to manufacturer’s instructions. After RNA isolation, all extracted RNA samples
were analyzed for RNA concentration and RNA Integrity Number (RIN) scores using the
Agilent 2100 Bioanalyzer RNA Nano kit according to manufacturer’s directions (7). The

Agilent Bioanalyzer RNA assay leverages microfluidics technology, enabling the quality
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analysis of RNA using only 1ul of sample. The assay is run on the Agilent 2100 Bioanalyzer
instrument and utilises the Agilent 2100 Expert Software to analyze and display results. An
RNA Integrity Number (RIN score) is generated for cach sample on a scale of 1-10
(1=lowest; 10=highest) as an indication of RNA quality. The 18s/28s ratio and an estimation

of concentration is also produced.

[00187] The DNA was isolated from the samples using the GeneCatcher™ gDNA 0.3-
1ml Blood Kit (Invitrogen). The genomic DNA (gDNA) was isolated according to the
manufacturers recommendation except that a blood input of 150 microliters was used (instead
of 300 microliters) with 30 microliters of GeneCatcher Magnetic Beads (instead of 60
microliter) and the addition of lysis buffer was omitted since the DxCollect stabilized blood is
already lysed. In brief, the magnetic beads are used to capture the gDNA, and the gDNA
coated beads are then isolated using a magnetic plate. Once the beads are isolated, the blood
is disposed of. The isolated beads are washed, and then the DNA is cluted off of the beads.
The DNA was only isolated from 4 of the blood samples.

[00188] The yields of the DNA and RNA are shown in Table 3.
Table 3: RNA and DNA isolation from shipped samples
RNA RIN Shipping Time RNA Recovered DNA Recovered
Sample [ Score (days) (ng) (ng)
1 7.1 3 140 408
2 7 1 300 376
3 7.6 1 160 412
4 7 1 260 174
5 6.3 5 50 NA

Example 4: Direct testing of fingerstick collected blood sample

[00189] 3 collector device was assembled. 200 ul of DxCollect™ RNA stabilization
buffer was loaded into the retainer cups and the tops were heat sealed with piercable polymer
coated foil (product code 4t1-0530- 4titude LTD). The retainer cups were placed into the
collection tubes. Three volunteers (Donors 1-3) pricked their finger using a Surgilance
SL250 safety lancet (SLB250). The first drop of blood was wiped away with a gauze pan and
then 100 microliters of blood was collected by placing the tip of the collector with a 4mm x
4mm x 9mm polyvinyl alcohol sponge against the blood drop. After the blood collection

sponge was full as indicated by the red color of the sponge, the collector was inserted into the
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transport tube and screwed down until it clicked into place. During the screwing process, the
tip of the collector pierced the polymer coated foil, allowing the DxCollect buffer to mix with

the blood samplcs.

[00190] A 50 ul sample of stabilized blood was removed from each device and tested
using a 10-gene assay (Table 4). The sequences for the probes used in the assay are shown in
tables 5-8. Unless otherwise stated, all reagents were provided by DxTerity Diagnostics
(Rancho Dominguez, CA) (Table §). To begin, 50 pL of DxCollect stabilized blood was
mixed in a 32-well plate (Axygen Scientific/Corning Inc., Union City, CA) with 15 uL of
DirectReact buffer (CLPA Reaction Buffer), 15 puL of DirectMix A containing S-Probes
(Table 5), 15 uL of DirectMix B containing L- and TC-Probes (Table 6) and 5 uL of
DirectMix C (a protein digestion solution). DirectMix A contains S-probes and attenuation
S-Probes (SA)-probes at the concentrations listed in Table 5. Diluent is 1mM DTT in 1X TE
Buffer. Probes arc heat activated for 2-min at 95°C after formulation. Dircct Mix B Containg

L-probes and TC-probes at the concentrations listed in Table 6. Diluent is 1X TE Buffer.

[00191] The plates were scaled with 8-well strip caps. (Agilent Technologics, Santa
Clara, California) and incubated in a Veriti® thermocycler (Life Technologies, Carlsbad, CA)
for 5 minutes at 55°C followed by 10 minutes at 80°C and then 2 hours and 45 minutes at
55°C. Next, 5 pL of DirectBeads (2.7 micron diameter streptavidin coated paramagnetic
beads) were added to cach well and mixed by pipetting. The samples were then incubated for
an additional 15 minutes at 55°C to allow ligation complex binding to the beads. The plate
was removed from the thermal cycler and placed on a 96-well Side Skirted Magnetic Particle
Concentrator (Invitrogen, Carlsbad, CA) for 2 minutes to capture the beads to the side of the
well. The liquid reaction mixture was aspirated using a multichannel pipette (Rainin,
Columbus OH). The beads were washed 3 times with 180 uL DirectWash buffer (Wash
solution for bead washing steps) and the wash buffer was removed. DirectTaq (containing
Taq DNA polymerase, PCR buffer and ANTPs) and DirectPrime universal primer mix (Table
4), were then added to the washed beads, and the mixture was amplified by PCR (2 min at
95°C, followed by 30 cycles of: 10 s at 95°C; 20 s at 57°C and 20 s at 72°C). For detection by
CE, a 2 uL aliquot of the final amplified CLPA reaction was mixed with 17.5 uL of Hi-Di™
Formamide (Life Technologies, Carlsbad, CA) and 0.5 pL GeneScan™ 600 Liz® V2 dye
Size Standard (Life Technologies) and injected into a 24-capillary array with POP-6™
polymer running on a ABI 3500xL Dx Genetic Analyzer with the Fragment Analysis Module
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(Life Technologies, Carlsbad, CA) according the manufacturers guidelines. The standard
injection time was 15 seconds (at 18 kV) but was decreased to avoid saturating signals for a

few samples based on manufacture recommendations.
Data Analysis

[00192] The CE electropherogram data files were processed with GeneMarker™
Software, version 2.4.0 (SoftGenetics, State College, PA) in order to generate the peak height
Relative Fluorescence Unit (RFU) values. The peak data tables were saved as .txt files and
analyzed using IMP® v11.0 (SAS Institute, Cary, NC). The natural log (In) was taken of the
peaks heights and gene normalized values were generated by dividing the RFU values
obtained from the instrument by the geometric mean of the RFU values of the MRPSS and

MRP18A genes from the same sample. The raw and normalized data are listed in table 9.

Table 4. Radiation Responsive and Normalization Genes Used in the Multiplex Probe Set.

Gene Ligated Product
Gene Name Ref Seq ID
symbol length (bp)
NM 03190
Mitochondrial ribosomal protein S5 MRPSS _2 115
v-myc avian myelocytomatosis viral NM 00246
MYC 120
oncogene homolog 7
NM_00038
Cyclin-dependent kinase inhibitor 1A CDKNI1A 9 125
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) ] NM_001%80
Cerebellar degeneration-related protein 2 CDR2 _2 135
NM_13876
BCL2-associated X protein BAX . 143
NM 02441
Ferredoxin reductase FDXR . 148
L NM_ 00112
BCL2 binding component 3 BBC3 155
7240
Glyceraldehyde-3-phosphate NM_ 00204
GAPDH 161
dehydrogenase 6
) o MRPS18 | NM 01813
Mitochondrial ribosomal protein SI8A A s 165
NM_00259
Proliferating cell nuclear antigen PCNA 5 130

Table 5. Formulation of S-Probes and Sequences in DirectMix A

Gene

Conc

(PM)

S-Probe (contains 3' phosphorothioate modification)

BAX

3334

5'-
GGGTTCCCTAAGGGTTGGACGCGTTCTAAACGGACTGTTACCAGA
GTCTGTGTCCACGGCGGCAATCATCCTC-3'

BBC

1333.

5'-
GGGTTCCCTAAGGGTTGGACGCGTTCTAAATGTACAGAAAATTCA
TTCCGGTATCTACAGCAGCGCATA-3'

CDK
NI1A

2666.

5'-
GGGTTCCCTAAGGGTTGGACGCGTCATGCCCTGTCCATAGCCTCT
ACTGCCACCATC-3'

CDR

666.7

5
GGGTTCCCTAAGGGTTGGACGCGGCAACTAAAGATCTCCTTAAAC
AACGCTTTGTATTCTGGAGG-3'
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5'-
GGGTTCCCTAAGGGTTGGACGCGACTCAGTGGAAACAGGCCATT

k " AGACAGATGACCCTCCACAGTCCAGCAGTAGAGAGATGGG-3'
GAP >
DH 20 | GGGTTCCCTAAGGGTTGGACGCGTGGCGAGAGTGTCTCGTATCTC
GCTCCTGGAAGATGGTGATGGGATT-3'
MRP 5'-
S18 2000. GGGTTCCCTAAGGGTTGGACGCGTTCTAAACGGACTGTTACCAGG
A " ATGAACTGGCTAAGCAGCAGAACATCGTCA-3'
wre | 1333 |
- A GGGTTCCCTAAGGGTTGGACGGTGCAGTCTTCACATCTTCCCAGT
CCAGTTTGACG-3'
5
MY 333.4 | GGGTTCCCTAAGGGTTGGACGCGTGTTCGGTTGTTGCTGATCTGT
¢ CTCAGGACTCTGACAC-3'
5
PCN GGGTTCCCTAAGGGTTGGACGCGTTCTAAACGGACTGTTACCACT
A 006.7 TCACCGCAATTTTATACTCTACAACAAGGGGTACATCTGCAGACA
3
Conc
Gene SA-Probe (contains 3' Phosphorothioate modification)
(PM)
GAP [ 1313. | S'CGTGGCGAGAGTGTCTCGTATCTCGCTCCTGGAAGATGGTGATG
DH 4 GGATT-3

Table 6. Formulation of L-Probes and TC-Probes

and their respective sequences in DirectMix B
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Conc

Gene L-Probe (contains 5' dabsyl modification)
(PM)

5

BAX | 333.4 | TGCAGCTCCATGTTACTGTCCAGTTCGTCCCCACAGGATGAGCCT
GCTCTAGATTGGATCTTGCTGGCAC-3'
S5-

BBC | 1333.

; A TACAGTATCTTACAGGCTGGGCCATCCCTCCCCACAGGATGAGCC
TTGGAATGTCGGAAATGCTCTAGATTGGATCTTGCTGGCAC-3
5

CDK | 2666.

NIA g TTAAAATGTCTGACTCCTTGTTCCGCTGCTAATCTGGCGAGAGGC
TCTAGATTGGATCTTGCTGGCAC-3'

CDR >

5 666.7 | TGTTGTAGGGGAACTCACGGGCTCTGGGTTGTTCTAAACGGACTG
GCTCTAGATTGGATCTTGCTGGCAC-3'
5'-

FDX | 2666.

R g TAAGGGGTTAGATCGGCCCACACCTCCACCTTGGCGAGAGCTCTA
GATTGGATCTTGCTGGCAC-3'
5'-

GAP | 1333. | TCCATTGATGACAAGCTTCCCGTTCTCAGCTGGACTCAGTGGAAA

DH 4 CAGGCCATTAGACAGAACAGGGCTCTAGATTGGATCTTGCTGGCA
c-3
5'-

MRP

918 2666. | TAGTTATACTTGTGCTTCAGGTTCCAACGGCAGATGGACAGGATG

A 8 AGCCTTGGAATGTCGGAAATGCTCTAGATTGGATCTTGCTGGCAC-
3V
-

MRP | 1333.

S A TCTGGAACCTCATCTTCTGGCTCTGGATCCTTCCGCTCTAGATTGG

5
ATCTTGCTGGCAC-3'

M s34

C | TGTCCAACTTGACCCTCTTGGCAGCAGGATAGTCGCTCTAGATTG
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GATCTTGCTGGCAC-3'

PCN

666.7

5'-
TACTGAGTGTCACCGTTGAAGAGAGTGGAGTGGCACAGGATGAG
CCTTGGAATGTCGGAAATAGGGCTCTAGATTGGATCTTGCTGGCA
c-3

Gene

Conc

(pM)

TC-Probe (biotinylated)

MRP
S5

26606.

5-GGGACGCAACCACAATGGGCAGAGGGC-Y

MRP
S5

2666.

5-GCGGCTCTCTTCAAATTAGACCACACAGAGCGC-3'

2660.

5-GAGTGGAGGGAGGCGCTGCGTAGTTGTGCT-3'

2666.

S“ATTCTCCTCGGTGTCCGAGGACCTGGGGCTG-3'

CDK
NIA

2666.

5-GCAATGAACTGAGGAGGGATGAGGTGGATGAGGA-3

CDK
NIA

2666.

S-GGAAAGACAACTACTCCCAGCCCCATATGAGCCCA-3'

CDR

2666.

5'-GGCCAGTTCCCAGCCGCTGGCAACAGGCTCAGAC-3'

CDR

2666.

S-TGTTCTCTGTTCATCTATTTCCTGCTTAGTTTTC-3'

BAX

2666.

5-GCTTGAGACACTCGCTCAGCTTCTTGGTGGAC-3'

BAX

2666.

5S-GAAAACATGTCAGCTGCCACTCGGAAAAAGACCTCTC-3'

FDX

2666.

5-GGTTACCTCAGTTGCTGAAAGCTAAAACCTTGCGCGAAAAA-3'
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FDX | 2666.
R ] SS-TTTCTTGGTTGCAGCTGTTTTATTTCCAGCATGTTCCCAA-3'
BBC | 2666.
, q 5-CAGACTCCTCCCTCTTCCGAGATTTCCCACCCTC-3'
BBC | 2666.
3 . 5'-GGAAACATACAAAAATCATGTACAAAAAAAATTAACC-Y
GAP | 2666.
DH q 5-CGGTGCCATGGAATTTGCCATGGGTGGAATCATA-3'
GAP | 2666.
DH ] 5“GTACTCAGCGCCAGCATCGCCCCACTTGATTTTGG-3'
MRP
2666.
S18 g 5-GGCCAGAGGGGTTAGGAGGATTTGGACTCTCC-3'
A
MRP
2666.
S18 g 5-CTGTGATCTTTCGGGGCAGCATGCCTCCATG-3'
A
PCN | 2666.
A ] 5-TAAAGAAGTTCAGGTACCTCAGTGCAAAAGTTAG-3'
PCN | 2666.
A g 5-ATCCTCGATCTTGGGAGCCAAGTAGTATTTTAAGTGTCCC-3'
Table 7. Formulation of Universal Primers and sequences in DirectPrime
Description | Conc. (nM) PCR Primers
Forward 600 S-[FAM]JGGGTTCCCTAAGGGTTG-3'

Reverse

600 5'-GTGCCAGCAAGATCCAATCT-3'
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Table 8. All reagents that are required to perform CLPA are available from DxTerity

Diagnostics with the exception of DirectMix A and DirectMix B which are formulated by the

end user. Directions for the formulation of DirectMix A and DirectMix B arc provided by

DxTerity.

Reagents Description Catalog #
DxCollect Blood Collection | Blood Collection Tubes. Containing 2 mL of 400-001
Tubes (BCT) DxCollect

Contains S-probes and SA-probe at the

concentrations listed in Table 1. Diluent is
DirectMix A

1mM DTT in 1X TE Buffer. Probes are heat

activated for 2-min at 95°C after formulation.

Contains L-probes and TC-probes at the
DirectMix B concentrations listed in Table 1. Diluent is 1X

TE Buffer.

L-Probes (5' Ligation) - 50 nmole synthesis
L-Probes (5' Ligation) scale 100-001

S-Probes (3' Ligation) - 50 nmolc synthesis
S-Probes (3' Ligation) scale 100-002
5' TC-Probes 5' TC-Probes - 50 nmole synthesis scale 100-003
3' TC-Probes 3" TC-Probes - 50 nmole synthesis scale 100-004
DirectMix C Protein digestion solution. 200-003
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DirectReact CLPA reaction buffer. 200-005
DirectPrime 2X PCR Primer Mix. 200-004
DirectTaq 2X PCR Master Mix. 200-002

2.7 micron diameter streptavidin coated 200-006
DirectBeads

paramagnetic beads.
DirectWash Wash solution for bead washing steps. 200-001
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ADVANTAGES

[00193] The present invention finds particular use in the detection of target analytes,
particularly nucleic acids, using chemical ligation buffers and systems described in US
Publications 2008/0124810, 2010/0267585, 2011/0306512 and 2013/0005594. That is, once
the blood is collected and conveyed to the testing facility, the blood is processed and assayed
for the presence of target analytes. A significant advantage of the systems and assays of the
present invention is that small amounts of blood can be used (thus facilitating home
collection via a finger stick versus needle draw), and that the blood sample is stable in the
buffers in the collection device for a time sufficient to mail or otherwise convey the sample
to the testing center. In addition, in the case of the chemical ligation assays described in the
US Publications above, the testing can be done without further processing of the sample, e.g.

the assays can be run in the lysis buffers that preclude the use of enzymatic assays.
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CLAIMS

1. A device for collecting and stabilizing a biological fluid sample, the device comprising:
(a) a housing comprising an open end portion, a closed end portion, and an interior space;
(b) a retainer insertable into the interior space of the housing, the retainer comprising a
vessel for receiving a solution and a penetrable seal for enclosing the solution within the vessel;
(c) a collector removably engagable with the open end portion of the housing and capable
of sealingly closing the open end portion of the housing, the collector comprising an absorbent
member for collecting the biological fluid sample,
wherein, when the collector is engaged with the open end portion of the housing, the
absorbent member is received in the housing and the collector breaks the penetrable seal of the
retainer that has been inserted into the interior space of the housing and propels the solution to
flow through the absorbent member, thereby releasing the biological fluid sample from the
absorbent member and facilitating mixing of the biological fluid sample with the solution, and
wherein the vessel has an open top, and a closed bottom with an inwardly recessed
central portion toward the open top or a protrusion protruding from a central portion of the
closed bottom toward the open top, wherein the inwardly recessed central portion or the
protrusion of the closed bottom of the vessel compresses the absorbent member when the
collector is engaging or engaged with the open end portion of the housing, thereby squeezing the

biological fluid sample out of the absorbent member.

2. The device of claim 1, wherein the collector comprises:
(a) a body portion serving as a handle when taking the biological fluid sample and as a
seal when engaging or engaged with the open end portion of the housing; and
(b) a stem portion fixedly coupled with the body portion or monolithically formed with
the body portion, wherein,
(1) the stem portion comprises a first segment proximal to the body portion and a
second segment distal to the body portion;
(11) the absorbent member is attached to the second segment of the stem portion;

and
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(1i1) when the collector is engaged with the open end portion of the housing, the
absorbent member and at least a portion of the second segment are received in the

retainer.

3. The device of claim 2, wherein the biological fluid sample comprises blood, and the
collector further comprises a plasma membrane for generating plasma from the biological fluid
sample, wherein the plasma membrane is disposed within the second segment of the stem

portion.

4. The device of claim 2, wherein:

the first segment is formed with one or more open slots to allow the released biological
fluid sample and the propelled solution to flow through; and

the second segment distal to the body portion is formed with a cavity for accommodating

the absorbent member.

5. The device of claim 4, wherein the biological fluid sample comprises blood, and the
collector further comprises a plasma membrane for generating plasma from the biological fluid

sample, wherein the plasma membrane is disposed within the cavity.

6. The device of claim 4, wherein the stem portion further comprises:

a partition disposed between the first segment and the second segment for preventing the
absorbent member from being pushed into the second segment when the collector is engaging or
engaged with the open end portion of the housing, wherein the partition is formed with at least
one hole or slot through which the first segment is in fluidic communication with the second

segment.

7. The device of claim 2, wherein:

the first segment proximal to the body portion is formed with a reservoir for facilitating
mixing of the biological fluid sample with the solution and accommodating the mixture of the
biological fluid sample and the solution; and

the second segment distal to the body portion is formed with a cavity for accommodating

the absorbent member.
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8. The device of claim 7, wherein the biological fluid sample comprises blood, and the
collector further comprises a plasma membrane for generating plasma from the biological fluid

sample, wherein the plasma membrane is disposed within the cavity.

9. The device of claim 2, wherein the collector further comprises:
a penetrable septum for preventing the mixture of the biological fluid sample and the
solution from flowing out through the body portion.

10. The device of claim 2, wherein the collector further comprises:

a first elastomeric seal disposed on an exterior surface of the second segment of the stem
portion, wherein the first elastomeric seal provides sealing between the exterior surface of the
second segment of the stem portion and an interior surface of the retainer when the collector is

engaging or engaged with the open end portion of the housing.

11. The device of claim 2, wherein the collector further comprises:

a second elastomeric seal disposed on an exterior surface of the first segment of the stem
portion or on an exterior surface of the body portion adjacent to the stem portion, wherein when
the collector is engaging or engaged with the open end portion of the housing, the second
elastomeric seal provides sealing between the exterior surface of the first segment of the stem
portion and the interior surface of the housing, or provides sealing between the exterior surface

of the body portion and the interior surface of the housing.

12.  The device of any one of claims 1 to 11, wherein the retainer further comprises a solution

retention chamber disposed between the solution received in the vessel and the penetrable seal.

13.  The device of any one of claims 1 to 12, wherein the vessel of the retainer is tapered with

an open top wider than a closed bottom.

14.  The device of any one of claims 1 to 13, wherein:
the housing comprises a first seat formed on an interior surface of the housing for
supporting the retainer once the retainer is inserted into the interior space of the housing, and
the vessel comprises a first flange formed on an exterior surface of the vessel of the

retainer to abut the first seat.
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15.  The device of any one of claims 1 to 14, wherein the open end portion of the housing is
threaded with internal threads to facilitate engagement with the collector and/or insertion of the

retainer.

16.  The device of any one of claims 1 to 15, wherein the open end portion of the housing is

formed with a locking means for interlocking with the collector.

17.  The device of claim 16, wherein the locking means includes one or more slots formed at

the open end portion of the housing.

18.  The device of any one of claims 1 to 17, further comprising one or more of the following:
(1) a 2D Data Matrix Bar Code printed on or attached to a bottom of the housing or an exterior
surface of the housing, (ii) a readable product identification printed on or attached to the bottom
of the housing or the exterior surface of the housing, and (iii) a radio-frequency identification
(RFID) tag printed on or attached to the bottom of the housing or the exterior surface of the

housing.

19.  The device of any one of claims 1 to 18, wherein the absorbent member is made of a

porous or wicking material.

20. A kit for health care, comprising the device of any one of claims 1-19, and at least one
additional component, wherein the at least one component comprises: a lancet for penetrating a
membrane of an end user; a casing for accommodating the collector, the housing and the
retainer; a preparation pad for cleaning and preparing a collection site; or any combination
thereof.

21. A method for collecting and stabilizing a biological fluid sample, the method comprising:
(a) providing the device of any one of claims 1-19;
(b) collecting the biological fluid sample by the absorbent member of the collector; and
(c) sealingly engaging the collector with the housing,
wherein, the sealingly engaging of the collector with the housing breaks the penetrable
seal of the retainer that has been inserted into the interior space of the housing and propels the

solution retained in the retainer to flow through the absorbent member, thereby releasing the
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biological fluid sample from the absorbent member and facilitating mixing of the biological fluid

sample with the solution.

22.  The method of claim 21, further comprising:
penetrating a membrane of a user by a lancet to provide the biological fluid sample,

wherein the biological fluid sample comprises blood.

23.  The method of claim 21 or 22, further comprising:
transporting the collector subsequent to sealingly engaging the collector with the housing

to a receiver.

24. The method of claim 23, further comprising:

detecting a target sequence in the biological fluid sample collected by the collector.
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