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ABSTRACT

Efficient harvesting of cells, cell fragments, free nuclei, and
DNA material from female reproductive system is made
possible by processing gelatinous part of cervical mucus.
Rinsing may be used to separate the gelatinous part of
cervical mucus from the remainder of the cervical mucus
sample.
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METHODS AND DEVICES FOR OBTAINING
CELLULAR AND DNA MATERIAL FROM
HUMAN FEMALE REPRODUCTIVE
SYSTEM

RELATED APPLICATIONS

[0001] This application claims the benefit of priority under
35 USC 119(e) to U.S. Provisional Application No. 62/660,
850, filed on Apr. 20, 2018, U.S. Provisional Application No.
62/660,858, filed on Apr. 20, 2018, U.S. Provisional Appli-
cation No. 62/660,861, filed on Apr. 20, 2018, and U.S.
Provisional Application No. 62/660,866, filed on Apr. 20,
2018, which are incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

[0002] This invention pertains to obtaining cellular and
genetic material from female reproductive system for vari-
ous purposes including, without limitation, cytological
analysis, sequencing, and detection of mutations for, without
limitation, detecting, screening, and monitoring ovarian,
fallopian tubal, or endometrial cancer or similar diseases.

BACKGROUND

[0003] Since the introduction of the Papanicolaou (“Pap™)
test in 1950, the mortality of cervical cancer in screened
populations has been reduced by more than 75%. In contrast,
deaths from other cancers of the female reproductive sys-
tem—cancers of ovaries, fallopian tubes, and uterus—have
not substantially decreased during that same time period. As
a result, more than 60,000 women in the U.S. are diagnosed
with ovarian, fallopian tubal, and endometrial (uterus lining)
cancer each year. Although endometrial cancer is more
common than ovarian cancer, the latter is more lethal. In the
U.S., approximately 15,000 and 8,000 women are expected
to die each year from ovarian and endometrial cancers,
respectively. World-wide, over 200,000 deaths from these
tumors are expected this year alone. The mortality associ-
ated with undetected gynecologic malignancies has made
the development of effective screening tools and methods a
high priority.

[0004] The Pap test is currently provided to tens of mil-
lions of women in tens of millions medical offices every
year, usually during a routine gynecological examination.
The procedure is non-invasive, painless, and fast. It involves
inserting a brush (an endocervical brush) into the cervix and
rotating the brush inside the cervix to collect cervical cells
by gently scraping the cervical canal. Then the brush with
the collected material is rinsed in a vial to release the
cervical cells and discarded. The collected cells released into
the rinsing liquid are analyzed for abnormalities indicative
of cervical cancer and the DNA is analyzed for the presence
of HPV, the causative agent of cervical cancer.

[0005] As the cervical canal is usually filled with cervical
mucus, the material collected on the brush contains some
visible amount of this mucus. This mucus within each
sample normally has varying viscosity and solubility—from
almost liquid consistency to almost gelatinous. After the
brush with the sample is rinsed, the cervical mucus partly
ends up released into the rinsing liquid and partly remains on
the brush and ends up discarded with it.
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SUMMARY

[0006] As described above, the cervical mucus remaining
on the brush after rinsing is discarded in the course of the
Pap test. Also, during the rinsing, some cervical mucus falls
off or detaches from the brush without dissolving in the
rinsing liquid; such undissolved cervical mucus also remains
unused during Pap tests.

[0007] This undissolved cervical mucus on the brush
and/or at the bottom of the rinsing vial, hereinafter called
“rinsed cervical mucus” or just “rinsed mucus”, is the focus
of the following example embodiments.

[0008] Efficient harvesting of cells, cell fragments, free
nuclei, and DNA material (“DNA material”, as used in this
application, includes, without limitation, DNA, DNA frag-
ments, genomic DNA, and/or cell-free DNA) from female
reproductive system is made possible by processing the
rinsed cervical mucus (usually, gelatinous part of cervical
mucus samples).

[0009] These cells, cell fragments, free nuclei, and/or
DNA material may originate, for example, from ovarian,
fallopian tubal, and endometrial tumors, benign or cancer-
ous.

[0010] This DNA material accumulated in the rinsed cer-
vical mucus can be harvested from the rinsed cervical mucus
for a variety of medical or biological purposes.

[0011] Ifsomeone would choose to run a genomic analysis
on the DNA material obtained from Pap test rinsing liquid,
any information about ovarian, fallopian tubal, and endo-
metrial tumors, if present, would be drowned by the over-
whelming amount of genetic information from cervical
cells.

[0012] On the other hand, the number of cervical cells
present in the rinsed cervical mucus used in the example
embodiments is significantly lower in comparison, making
the DNA material harvested according to the disclosed
methods much more valuable for genetic, genomic and
epigenetic analysis.

[0013] This DNA material accumulated in the rinsed cer-
vical mucus may be released from the mucus into a solution
by a variety of methods including, without limitation,
mechanical vibrations and other types of mechanical impact,
by treating the mucus with emulsifier, or other chemical
treatment to dissolve or reswell the rinsed cervical mucus.
[0014] The embodiments include a method comprising
rinsing a cervical mucus sample comprising cervical cells in
a rinsing liquid to release the cervical cells into the rinsing
liquid and to produce a rinsed mucus sample; separating the
rinsed mucus sample from the rinsing liquid and the cervical
cells released into the rinsing liquid; and releasing of cells,
cell fragments, free nuclei, and/or DNA material from the
rinsed mucus sample.

[0015] Some embodiments further comprise lysing the
cells, cell nuclei, or cell fragments released from the rinsed
mucus sample.

[0016] In some embodiments, the releasing of cells, cell
fragments, free nuclei, and/or DNA material from the rinsed
mucus sample and the lysing of the released cells, cell
nuclei, or cell fragments released from the rinsed mucus
sample are performed simultaneously.

[0017] In some embodiments, the number of cervical
epithelial cells rinsed off the cervical mucus sample during
the rinsing of the cervical mucus sample in the rinsing liquid
is greater than the number of cervical epithelial cells
released from the rinsed mucus sample during the releasing
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of cells, cell fragments, free nuclei, and/or DNA material
from the rinsed mucus sample.

[0018] In some embodiments, the separating of the rinsed
mucus sample from the rinsing liquid and the cervical cells
released into the rinsing liquid comprises aspiration, filtra-
tion, or centrifugation.

[0019] In some embodiments, the rinsed mucus sample is
located on a mucus collector after the rinsing of the cervical
mucus sample in the rinsing liquid to produce the rinsed
mucus sample.

[0020] In some embodiments, the separating of the rinsed
mucus sample from the rinsing liquid and the cervical cells
released into the rinsing liquid comprises removing the
mucus collector from the rinsing liquid.

[0021] In some embodiments, the cervical mucus sample
is located on the mucus collector before the rinsing of the
cervical mucus sample in the rinsing liquid to release the
cervical cells into the rinsing liquid and to produce the rinsed
mucus sample.

[0022] In some embodiments, the releasing of cells, cell
fragments, free nuclei, and/or DNA material from the rinsed
mucus sample comprises a chemical or mechanical treat-
ment of the mucus sample or a combination thereof or
treating the rinsed mucus sample with a compound com-
prising an emulsifier.

[0023] In some embodiments, the releasing of cells, cell
fragments, free nuclei, and/or DNA material from the rinsed
mucus sample comprises at least partially dissolving or
reswelling the rinsed mucus sample in an emulsifier solu-
tion.

[0024] Some embodiments further comprise removing
cells from the emulsifier solution and isolating DNA mate-
rial from the emulsifier solution.

[0025] In some embodiments, the removing of cells from
the emulsifier solution comprises filtration or centrifugation.
[0026] Some embodiments further comprise removing
mucus from the emulsifier solution before isolating DNA
material from the emulsifier solution.

[0027] The embodiments also include a method compris-
ing rinsing a cervical mucus sample comprising cervical
cells in a rinsing liquid to release the cervical cells into the
rinsing liquid and to produce a rinsed mucus sample; sepa-
rating the rinsed mucus sample from the rinsing liquid and
the cervical cells released into the rinsing liquid; and lysing
of cells, cell nuclei or cell fragments contained in the rinsed
mucus sample.

[0028] In some embodiments the lysing of cells, cell
nuclei, or cell fragments contained in the rinsed mucus
sample comprises lysing the rinsed mucus sample.

[0029] The embodiments further include a method com-
prising rinsing a cervical mucus sample comprising cervical
cells in a rinsing liquid to release the cervical cells into the
rinsing liquid; removing the cervical cells released into the
rinsing liquid from the rinsing liquid; and isolating DNA
material from the rinsing liquid.

[0030] Insome embodiments, the removal of cervical cells
released into the rinsing liquid from the rinsing liquid
comprises filtration or centrifugation.

[0031] Some embodiments further comprise removing
mucus from the rinsing liquid before isolating DNA material
from the rinsing liquid.

[0032] Some embodiments further comprise at least par-
tially dissolving or reswelling the cervical mucus sample
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before the removal of the cervical cells released into the
rinsing liquid from the rinsing liquid.

[0033] In some embodiments, the at least partially dis-
solving or reswelling of the cervical mucus sample before
the removal of the cervical cells released into the rinsing
liquid from the rinsing liquid occurs in a solution comprising
emulsifier.

[0034] The embodiments further include a method com-
prising lysing a cervical mucus sample and cells contained
therein in a lysing liquid to lyse the cervical mucus sample
to release DNA material from the cervical mucus sample
into the lysing liquid; and isolating DN A material from the
lysing liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In the accompanying drawings, reference charac-
ters refer to the same parts throughout the different views.
The drawings are not necessarily to scale; emphasis has
instead been placed upon illustrating the principles of the
invention. Of the drawings:

[0036] FIG. 1 illustrates an example endocervical brush.
[0037] FIG. 2 illustrates an example endocervical brush
with a cervical mucus sample.

[0038] FIG. 3 illustrates an example endocervical brush
with a cervical mucus sample and cervical cells within the
sample.

[0039] FIG. 4 illustrates rinsing of an example endocer-
vical brush with a cervical mucus sample.

[0040] FIG. 5 illustrates rinsing of an example endocer-
vical brush with a cervical mucus sample and cervical cells
in the rinsing liquid.

[0041] FIG. 6 illustrates transferring of an example endo-
cervical brush with a rinsed mucus sample from the rinsing
liquid into a chemical treatment liquid.

[0042] FIG. 7 illustrates treating an example endocervical
brush with a rinsed mucus sample to release non-cervical
cells, cell fragments, free nuclei, and/or DNA material.
[0043] FIG. 8 shows DNA material in the lysing solution
after the released non-cervical cells, free nuclei, and cell
fragments are lysed.

[0044] All illustrations of the drawings are for the purpose
of describing selected versions of the present invention and
are not intended to limit the scope of the present invention.

DETAILED DESCRIPTION

[0045] The cervical mucus sample may be obtained from
the endocervix in a variety of ways using a variety of mucus
collectors, for example, by using an endocervical brush,
cervical brush, cytobrush, transcervical swab, broom-type
sampling device, or spatula, by aspiration, by cervical
lavage, intrauterine lavage, or by cervical probe. Example
types of transcervical swabs are cotton, albumin coated,
calcium alginate, rayon, Dacron, polyester, and polyure-
thane swab.

[0046] The endocervical brush 3 shown in FIGS. 1-3
includes a handle 1 and brush bristles 2, which are inserted
into a cervix to collect a cervical mucus sample 4 including
a large number of cervical epithelial cells 5.

[0047] FIG. 4 shows rinsing of the cervical mucus sample
4 on the brush 3 in the rinsing liquid 6. Some pieces 7 of the
cervical mucus sample 4 may separate from the cervical
mucus sample 4 during the rinsing and enter the rinsing
liquid.
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[0048] The rinsing may also remove some cellular and
DNA material from the cervical mucus sample into the
rinsing liquid 6.

[0049] The rinsing liquid 6 may be any liquid (including
solutions) that preferably preserves the integrity of DNA
and/or cell membranes, for example, without limitation,
DNAgard Blood Tube formation, Streck Cell-Free DNA
BCT formulation, saline solution, phosphate-buffered saline
(PBS), or ThinPrep PreservCyt Solution. Alternative suit-
able liquids include, without limitation, ethyl alcohol,
methanol, acetic acid, and sodium acetate.

[0050] During the rinsing, the sample 4 may be subjected
to mechanical forces produced, for example, by vibration,
shaking, and/or swirling.

[0051] FIG. 5 shows a large number of cervical epithelial
cells 5 released and entering the rinsing liquid 6 from the
cervical mucus sample 4 during its rinsing.

[0052] FIG. 6 shows a rinsed mucus sample 4' (which is
normally discarded in the course of a Pap test) being
separated and removed from the rinsing liquid 6 (and the
cervical cells 5 in the rinsing liquid 6) and transferred
instead (on a mucus collector, such as a brush) to a liquid 7
for chemical preservation and/or chemical and/or mechani-
cal treatment; for example, for treating the rinsed mucus
sample 4' with an emulsifier.

[0053] The rinsed mucus sample may additionally or
alternatively include one or several fragments of rinsed
cervical mucus (usually, relatively more gelatinous mucus)
floating or on the bottom of the vessel where the rinsing took
place. In such cases the mucus collector used for mucus
separation may be, for example, a sieve, a hook, or any
device capable of catching chunks of mucus in a liquid.
[0054] The rinsed mucus sample may also be separated
from the rinsing liquid 6 (and the cervical cells 5 in the
rinsing liquid 6) by aspiration, filtration, or centrifugation
for subsequent transfer to the liquid 7.

[0055] The rinsed mucus sample comprises (possibly at
least partially collapsed or dehydrated) relatively gelatinous
mucus (poorly soluble or not soluble in water or saline) with
a variety of biologic material embedded therein including
cells, cell fragments, free nuclei, and DNA material from
female reproductive system. Therefore, the rinsed mucus
sample contains the embedded biological material not avail-
able for diagnostic methods analyzing the biological mate-
rial rinsed off cervical samples.

[0056] FIG. 7 shows the rinsed cervical mucus 4' (now
labeled 4") after being at least partially dissolved, disinte-
grated, and/or swollen in the liquid 7, for example, by using
an emulsifier, such as Polysorbate 20, Tergitol-type NP-40,
polyethylene glycol, or triethanolamine. Alternative emul-
sifiers include ethanolamine, hydroxypropyl methyl cellu-
lose, and propylene glycol.

[0057] Alternatively, or additionally, the rinsed cervical
mucus 4' may have been subjected to mechanical forces
produced, for example, by vibration, shaking, and/or swirl-
ing. The cells 8 (including tumor cells) and/or cell fragments
and free nuclei 10 and/or DNA material 9 that used to be
contained in the rinsed cervical mucus 4' are now released
into the liquid 7.

[0058] The number of cervical epithelial cells rinsed off
the cervical mucus sample into the rinsing liquid 5 is greater
than the number of cervical epithelial cells remaining in
rinsed mucus sample after rinsing and then released from the
rinsed mucus sample during the treatment in the liquid 7. In
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other words, the rinsing beneficially removes the majority of
cervical epithelial cells from the subsequent processing and
analysis.

[0059] The released cells, cell fragments, free nuclei,
and/or DNA material in the liquid 7 may now be extracted
from the liquid 7 for subsequent use.

[0060] In particular, the released cells 8 may be isolated or
removed from the liquid 7, for example, by filtration
(wherein the filter, for example, comprises pores from about
40 microns to about 120 microns) or centrifugation. Such
filtration or centrifugation would also remove any pieces of
mucus remaining in the liquid 7.

[0061] These cells 8 may be used for cytological analysis,
for example, Papanicolaou staining or antibody staining, or
for cellular imaging, for example, using technologies offered
by VisionGate, Inc.

[0062] The released cells 8 may also be collected and
lysed to release the genomic DNA using a denaturing
solution, for example, sodium dodecyl sulfate (SDS) with
the concentration or up to 0.5%, or a solution with a high
concentration of chaotropic salts, for example, 6M guani-
dine-HCL or 6-8M urea. The lysing liquid may also include,
for example, Proteinase K, with the typical working con-
centration 50-100 pg/ml.

[0063] FIG. 8 shows the DNA material 9 that had been
released into the liquid 7 and those that were simultaneously
or subsequently released from the cells 8 (including tumor
cells) and cell fragments or free nuclei 10 after lysing in the
lysing liquid 11.

[0064] The rinsed cervical mucus 4' may also be lysed
using a lysing liquid 11 without prior treatment in the liquid
7 so that the cervical mucus (formed by a latticework of
mucin molecules) in the rinsed cervical sample 4' at least
partly disintegrates, as well as the cells, cell fragments, and
free nuclei contained in the rinsed cervical sample 4'. Such
lysing also releases DNA material 9 from the rinsed cervical
sample and from cells, cell fragments, and free nuclei
contained therein into the lysing liquid 11.

[0065] The lysing liquid 11 may include, for example,
Proteinase K, with the typical working concentration 50-100
ng/ml. The lysing liquid 11 may also include a denaturing
agent, for example, sodium dodecyl sulfate (SDS), with the
concentration of up to 0.5%, or contain a high concentration
of chaotropic salts, for example, 6M guanidine-HCL or
6-8M urea.

[0066] Another way of obtaining DNA material 9 from the
cervical mucus sample 4 is to remove substantially all cells
from the rinsing liquid 6, after the rinsing shown in FIG. 4.
[0067] In particular, the cells may be removed from the
rinsing liquid 6, for example, by filtration (wherein the filter,
for example, comprises pores from about 40 microns to
about 120 microns) or centrifugation. Such filtration or
centrifugation would also remove any pieces of mucus
remaining in the rinsing liquid 6.

[0068] Before the removal of cells from the rinsing liquid
6 the cervical mucus sample 4 may be at least partially
dissolved, disintegrated, and/or swollen, for example, by
using an emulsifier, such as Polysorbate 20, Tergitol-type
NP-40, polyethylene glycol, or triethanolamine. Alternative
emulsifiers include ethanolamine, hydroxypropyl methyl
cellulose, and propylene glycol. Alternatively, or addition-
ally, the cervical mucus sample 4 may be subjected to
mechanical forces produced, for example, by vibration,
shaking, or swirling.
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[0069] Alternatively, cervical mucus sample 4 on the
brush 3, instead of the rinsing liquid 6, may be submerged
straight into a lysing liquid 7 capable of at least partially
lysing the cervical mucus sample 4 and the cells 8 (including
tumor cells) and/or cell fragments and/or free nuclei 10
within the sample 4 (for example, using one of the lysing
liquids recited hereinabove) to release DNA material from
the cervical mucus sample 4 and its content into the lysing
liquid.

[0070] The DNA material 9 released into and remaining in
the rinsing liquid 6, the liquid 7, or the lysing liquid 11 may
be isolated, for example, by using any cell-free DNA-
isolation method or commercially available kit, for example,
QIAamp Circulating Nucleic Acid Kit from QIAGEN or
magnetic bead technology, for example, from Thermo Fisher
Scientific, Inc.

[0071] The isolated DNA fragments, genomic DNA, cell-
free DNA fragments, or cell-free DNA may be tested for one
or more mutations selected from the group consisting, for
example, of CTNNBI1, EGFR, PI3KCA, PTEN, TP53,
BRAF, KRAS, AKT1, NRAS, PPP2R1A, APC, FBXW7,
ARID1A, CDKN2A, MLL2, RNF43, and/or FGFR2. The
mutations may be selected from the group consisting of a
missense mutation, a nonsense mutation, and an indel.
Detection of such mutations indicates likelihood of the
presence of such a cancer in the patient.

[0072] The isolated DNA material may also be tested for
epigenetic modifications.

[0073] A kit for use in the disclosed methods may include
a carrier for the various components. The carrier can be a
container or support, in the form of, e.g., bag, box, tube,
rack, and is optionally compartmentalized. The kit also
includes various components useful in obtaining, rinsing,
processing, storing, and transporting the mucus sample
using the above-discussed techniques. For example, the
detection kit may include one or more solutions, such as
DNAgard Blood Tube formation, Streck Cell-Free DNA
BCT formulation, saline solution, phosphate-buffered saline
(PBS), or ThinPrep PreservCyt Solution. The kit may also
include a device for collecting mucus, for example, an
endocervical brush, an aspiration device, or a cervical probe.
[0074] Although the invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed. While this invention has
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been particularly shown and described with references to
preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and
details may be made therein without departing from the
scope of the invention encompassed by the appended claims.

1-17. (canceled)

18. A method for detecting cytological changes associated
with ovarian, fallopian tubal or endometrial cancer in a
cervical mucus sample isolated from a subject, comprising:

a) rinsing a mucus collector holding the cervical mucus
sample comprising cervical and non-cervical cells,
wherein the rinsing is performed in a rinsing liquid to
rinse off the cervical cells from the cervical mucus
sample held on the mucus collector into the rinsing
liquid and to produce a rinsed mucus sample held on
the mucus collector comprising non-cervical cells;

b) separating the mucus collector holding the rinsed
mucus sample comprising non-cervical cells from the
rinsing liquid and from the cervical cells rinsed off into
the rinsing liquid in the step (a);

¢) releasing cells remaining held on the mucus collector
after the step (b), wherein the releasing comprises
exposing the rinsed mucus sample remaining held on
the mucus collector after the step (b) to a solution
comprising an emulsifier;

d) isolating cells released in the step (c); and

e) using the cells isolated in the step (d) for cytological
analysis to detect one or more cytological changes
associated with ovarian, fallopian tubal or endometrial
cancer, wherein the presence of said one or more
cytological changes is indicative of the presence of said
cancer in the subject.

19. A method for detecting genetic or epigenetic changes
associated with ovarian, fallopian tubal or endometrial can-
cer in a cervical mucus sample isolated from a subject,
comprising:

a) lysing the cervical mucus sample and cells contained

therein to release DNA into a lysing liquid;

b) isolating the DNA material from the lysing liquid; and

¢) analyzing the DNA isolated in the step (b) for the
presence of a genetic and/or epigenetic change in one
or more genes associated with ovarian, fallopian tubal
or endometrial cancer, wherein the presence of said
genetic and/or epigenetic change is indicative of the
presence of said cancer in the subject.
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