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(57) Abrégée/Abstract:
A method of making a noninvasive molecular control and analysis is described. The method of making the noninvasive molecular
control includes, predetermining a positive control for a condition of interest, selecting a cell line with a control marker for the
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condition of interest, amplifying release of cfDNA from the selected cell line, isolating the released cfDNA from the selected cell line,
quantifying the control marker from the isolated cfDNA, determining a volume of the control marker for addition to an isolated
control plasma, isolating the control plasma from a control sample, treating the Isolated control plasma with a control stabllizer,
determining a volume of the control plasma to add to the volume of control marker, combining the volume of the control marker

with the isolated control plasma, and analyzing a sample against the noninvasive molecular control to determine the presence or
absence of a condition of interest.
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(57) Abstract: A method of making a noninvas-
ive molecular control and analysis is described.
The method of making the noninvasive molecu-
lar control includes, predetermining a positive
control for a condition of interest, selecting a
cell line with a control marker for the condition
of mterest, amplifying release of ctDNA from
the selected cell line, 1solating the released ct-
DNA from the selected cell line, quantitying the
control marker from the i1solated c¢cfDNA, de-
termining a volume of the control marker for
addition to an 1solated control plasma, 1solating
the control plasma from a control sample, treat-
ing the isolated control plasma with a control
stabilizer, determining a volume of the control
plasma to add to the volume of control marker,
combining the volume of the control marker
with the 1solated control plasma, and analyzing
a sample against the noninvasive molecular
control to determine the presence or absence of
a condition of nterest.
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NONINVASIVE MOLECULAR CONTROLS

BACKGROUND

[0001] Early detection of particular conditions or diseases in humans 1s desired. For example,
early detection of pregnancy, a chromosomal abnormality of a fetus, or cancer may lead to a
better prognosis for the patient as intervention-type therapies may be used. However, the
available early detection mechanisms that yield a diagnosis, and not merely a screening for a
condition or disease, typically require an invasive procedure (e.g. amniocentesis, colonoscopy,
etc.). Invasive procedures have an increased risk of adverse reactions such as infection, infection
transmission, reaction to anesthesia administered during the procedure, etc. Additionally, these
invasive procedures are expensive and highly technical, and as such are not adapted for
widespread use. Due to the increased risks and complications with these 1invasive procedures, 1t
1s desirable to have a noninvasive diagnostic test (e.g. a sample collected through a blood draw
or urine) to test for a condition of interest.

[0002] Conventional noninvasive early detection mechanisms are valid as a screening for
a condition of interest, but are not typically recommended as a diagnostic test. Additional detail
regarding such conventional noninvasive early detection mechanisms may be found 1n
Noninvasive diagnosis of fetal aneuploidy by shotgun sequencing DNA from maternal blood
(Fan, HC, Blumenfeld, YJ, Chitkara, U, Hudgins, L, and Quake, SR. Proc Natl Acad Sc1 U S A.
2008 Oct 21; 105(42): 16266—16271) and Non-invasive prenatal testing (NIPT): limitations on
the way to become diagnosis (Kotsopoulou, I, Tsoplou P, Mavrommatis, K, and Kroupis, C.
Diagnosis 2015; 2 (3): 141 — 158.) The recommendation for use of such conventional

noninvasive early detection mechanism as a screening test with follow-up 1nvasive procedures to
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confirm diagnosis, often 1s due to the lack of appropriate internal quality controls when using the
screening test to analyze a sample against in the noninvasive early detection mechanism.
[0003] To create a diagnostic test (e.g. a test that produces a diagnosis of a particular condition
or disease), a sample (e.g. blood or urine) from a patient should be analyzed against a control to
determine the presence or absence of a particular condition or disease. The control would
preferably be a positive control, thus the control would have substantially the same composition
as a sample with the condition of interest present. Further, the positive control may indicate that
the diagnostic test methods produce analysis of the condition of interest (e.g. the analysis
methods effectively 1solate and analyze, either quantitatively or qualitatively, indicators of the
condition of interest.) Such a diagnostic test could reduce or eliminate the need for costly and
invasive diagnostic tests to determine the presence or absence of a condition of interest
(particular condition or disease). As such, 1t also would be desirable to have a positive control
allowing for a noninvasive diagnostic test of a sample to determine the presence or absence of a
condition of interest in a sample.
SUMMARY

[0004] Noninvasive molecular controls and methods of using noninvasive molecular
controls are described. In one aspect of the invention A method of making a noninvasive
molecular control for determining the presence or absence of a condition of interest, the method
comprising, predetermining a positive control for the condition of interest; selecting a first cell
line for the positive control that produces a first extracellular vesicle with a first control marker
for the condition of interest; amplifying the production of the first extracellular vesicle from the
selected first cell line; 1solating the produced control marker from the selected first cell line;

quantifying the first control marker from the 1solated first control marker; determining a volume
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of the first control marker for addition to an 1solated control plasma; 1solating the control plasma
from a control sample; treating the 1solated control plasma with a control stabilizer; determining
a volume of the control plasma to add to the volume of the first control marker; combining the
volume of the control plasma with the volume of the first control marker; and producing the
noninvasive molecular control.

[0005] In another aspect of the invention, a method of analyzing a sample against a noninvasive
molecular control to determine the presence or absence of a condition of interest, the method
comprising: quantifying a first control marker in the sample; quantifying the first control marker
1in the noninvasive molecular control; determining the presence or absence of the condition of
interest, the determining comprising comparing an indicated percentage of the first control
marker 1n the noninvasive molecular control to a predetermined threshold of the first control
marker i1n the sample, wherein the predetermining of the noninvasive molecular control
comprises, predetermining a positive control for the condition of interest; pre-selecting a first cell
line for the positive control where the preselected first cell line produces a first extracellular
vesicle with the first control marker for the condition of interest; amplifying the production of
the first extracellular vesicle from the selected first cell line; 1solating the produced first control
marker from the selected first cell line; quantifying the first control marker from the 1solated first
control marker; determining a volume of the first control marker for addition to an isolated
control plasma; 1solating the control plasma from a control sample; treating the 1solated control
plasma with a control stabilizer; determining a volume of the control plasma to add to the
volume of the first control marker; and combining the volume of the control plasma with the

volume of the control marker to produce the noninvasive molecular control.
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[0006] In another aspect of the invention, a method of analyzing a sample against a noninvasive
molecular control to determine the presence or absence of a condition of interest, the method
comprising: quantifying a secondary control marker in the sample; quantifying the secondary
control marker in the noninvasive molecular control; determining the presence or absence of the
condition of interest, the determining comprising comparing an indicated percentage of the
secondary control marker 1n the noninvasive molecular control to a predetermined threshold of
the control marker in the sample, wherein the predetermining of the noninvasive molecular
control comprises, predetermining a positive control for the condition of interest; pre-selecting a
first cell line for the positive control that produces extracellular vesicles with a first control
marker for the condition of interest; amplifying the production of extracellular vesicles from the
selected first cell line; 1solating the produced control marker from the selected first cell line;
quantifying the first control marker from the 1solated control marker; determining a volume of
the first control marker for addition to an 1solated control plasma; 1solating the control plasma
from a control sample; treating the 1solated control plasma with a control stabilizer; determining
a volume of the control plasma to add to the volume of the first control marker; combining the
volume of the control plasma with the volume of the first control marker; pre-selecting a second
cell for the positive control that produces a second extracellular vesicles with a secondary control
marker for the condition of interest amplifying the production of the second extracellular vesicle
from the selected second cell line; 1solating the produced second control marker from the
selected second cell line; quantifying the second control marker from the 1solated second control
marker; determining a volume of the second control marker for addition to the 1solated control

plasma; combining the volume of the secondary control marker with the volume of the control
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plasma and the volume of the first control marker; and producing the noninvasive molecular
control.

[0007] In another aspect of the the invention, a noninvasive molecular control comprising, a first
control marker comprising from 10 to 20 percent of the total volume of the noninvasive
molecular control, = wherein the first control marker 1s selected from a group consisting of
hypermethylated ras association domain-containing protein promoter region, centromere of
chromosome 21, and kirston rat sarcoma viral oncogene homolog exon 2 G13D; a control filler
from 10 to 30 percent (weight/volume) of the total volume of the noninvasive molecular control,
wherein the control filler 1s selected from a group consisting of hypomethylated ras association
domain-containing protein promoter region and wild type kirston rat sarcoma viral oncogene
homolog exon 2 G13D; a control stabilizer comprising from 0.1 to 5 percent (weight/volume) of
the total volume of the noninvasive molecular control; and a control plasma comprising from 30
to 80 percent (weight/volume) of the total volume of the noninvasive molecular control, wherein
the control plasma 1s a biological fluid.

[0008] In another aspect of the invention, a nonminvasive molecular control comprising, a first
control marker comprising from 250 to 750 copies of the control markers per milliliter, wherein
the first control marker 1s placenta-specific 4 messenger ribonucleic acid; a control plasma
comprising from 30 to 80 percent (weight/volume) of the total volume of the noninvasive
molecular control, wherein the control plasma 1s a biological fluid; and a control stabilizer
selected from the group consisting of 2-bromo-2nitropropane-1 from 0.05-0.5% weight/volume,
3-diol, aminocaproic acid from 0.1% - 0.5% weight/volume, imidazolidinyl urea from 0.15% -

0.2% weight/volume, and combinations thereof.
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[0009] In another aspect of the invention, a noninvasive molecular control comprising, a first
control marker comprising from 0.15 to 0.5 micrograms per milliliter, wherein the first control
marker 1s metalloprotease protein 12; a control plasma comprising from 30 to 80 percent
(weight/volume) of the total volume of the noninvasive molecular control, wherein the control
plasma 1s a biological fluid; and a control stabilizer selected from the group consisting of 2-
bromo-2nitropropane-1 from 0.05-0.5% weight/volume, 3-diol, aminocaproic acid from 0.1% -
0.5% weight/volume, imidazolidinyl urea from 0.15% - 0.2% weight/volume, and combinations
thereof.
[0010] The following detailed description 1s exemplary and explanatory only and 1s not
necessarily restrictive of the invention as claimed. The accompanying drawings, which are
incorporated 1n and constitute a part of the specification, illustrate embodiments of the invention
and together with the detailed description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The numerous advantages of the present invention may be better understood by those
skilled 1in the art by reference to the accompanying figures in which:
[0012] Fig. 1 illustrates a method for making a noninvasive molecular control.

DETAILED DESCRIPTION

[0013] A method of making noninvasive molecular controls and analysis using the noninvasive
molecular controls 1s described. The method of making the noninvasive molecular controls
includes, predetermining a positive control for a condition of interest, selecting a cell line with a
control marker for the condition of interest, amplifying production of extracellular vesicles
containing the control marker from the selected cell line, 1solating the produced control marker

from the selected cell line, quantifying the control marker from the i1solated extracellular
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vesicles, determining a volume of the control marker for addition to an 1solated control plasma,
1solating the control plasma from a control sample, treating the 1solated control plasma with a
control stabilizer, determining a volume of the control plasma to add to the volume of control
marker, combining the volume of the control marker with the 1solated control plasma, and
analyzing a sample against the noninvasive molecular control. The resulting noninvasive
molecular control includes a control marker, a control stabilizer, and a control plasma. The
noninvasive molecular control may further include a control filler. The noninvasive molecular
control 1s a positive control used to analyze a sample to test for the presence or absence of a
condition of interest. The preferred noninvasive molecular control 1s a positive control that
contains the control marker of the condition of interest in proportions substantially similar to a
human being having the condition of interest. Such positive control may then be used to
measure a sample against, and thus to detect the presence or absence of the condition of interest.
[0014] A condition of interest 1s a condition or disease where early detection 1s desired. For
example, the condition of interest may be a human pregnancy, a chromosomal abnormality of a
human fetus (e.g. trisomy 21, trisomy 18), or a human cancer (e.g. colon cancer). Each condition
of interest produces a control marker in the human being that 1s unique to the condition of
interest.

[0015] Control markers are found on cfDNA, mRNA, and proteins in an extracellular vesicle
(e.g. microvesicles and exosomes). Extracellular vesicles are produced by a cell, and contain
biomarkers (e.g. membrane receptors, adhesion molecules, cytokines, chemokines, growth
factors, mRNAs and miRNAs, ctDNA, etc.), which reflect the cellular origin and the
physiological state of the cell from which 1t came. In the present method, the control marker

found 1n extracellular vesicles may be ctDNA (e.g. dsDNA found 1n an extracellular vesicle). In
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the present method, the control marker may be mRNA 1n extracellular vesicles. Further, in the
present method, the control marker may be a protein (e.g. membrane receptor, cytokine, adhesion
molecule, and the like) 1n extracellular vesicles. The control marker may be a mutated gene, a
chromosomal abnormality, an mRNA abnormality, or a protein abnormality. Because the control
marker 1s found on the ctfDNA, mRNA, and protein of extracellular vesicles, a noninvasive test
(e.g. blood draw or urine sample) may be used to detect the presence or absence of the condition
of interest in a sample.

[0016] A sample used to determine the presence or absence of the condition of interest may be
blood from a human. When the sample 1s human blood 1t may be collected via a blood draw and
subjected to a two stage centrifugation protocol to obtain plasma that 1s substantially free of cells
and cellular debris. The human blood sample may be centrifuged at 1600 (1.118 x 10”) (e.g. *
o) for 10 minutes at room temperature. The plasma portion of the blood sample may then be
transferred without disruption of the buffy coat to a new centrifugation tube and subject to
centrifugation at 16,000 g for 10 minutes at room temperature to separate remaining cells and
cellular debris from the plasma. The resulting plasma from the human blood sample 1s
substantially free of cells and cellular debris, and contains extracellular vesicles. The biomarker
(control marker) 1dentifying the presence or absence of the condition of interest 1s then 1solated
from the extracellular vesicles in the plasma. When the biomarker 1s cfDNA 1t may be 1solated
via a commercial kit that may utilize a column elution protocol with a silica-based membrane for
binding, such as QIAGEN circulating nucleic acid 1solation kit. When the biomarker 1s mRNA 1t
may be 1solated via a commercial kit that may utilize a column elution protocol with a cellulose-
based membrane for binding. When the biomarker 1s protein the isolation may include

homogenization, such as via sonication for one minute, where the sonication may occur on 1ce.
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The resulting homogenate 1includes the protein biomarker. When the sample 1s human urine it
may be collected via a clean urine catch protocol. The urine sample may then be subjected to
centrifugation at 2000 g for 30 minutes at room temperature. The resulting supernatant 1s
substantially free of cells and cellular debris and contains extracellular vesicles. When the
biomarker 1s cfDNA 1t may then be 1solated from the extracellular vesicles 1n the urine
supernatant via a commercial kit that may utilize a column elution protocol with a silica-based
membrane for binding, such as QIAGEN circulating nucleic acid 1solation kit. When the
biomarker 1s mRNA 1t may be 1solated via a commercial kit that may utilize a column elution
protocol with a cellulose-based membrane for binding. When the biomarker 1s a protein 1t may
be 1solated via disrupting extracellular vesicles. When the biomarker 1s protein the 1solation may
include homogenization, such as via sonication for one minute, where the sonication may occur
on ice. The resulting homogenate includes the protein biomarker.

[0017] A method 100 1s used to make a noninvasive molecular control. The noninvasive
molecular control includes a control marker, a control stabilizer, and a control plasma.. The
noninvasive molecular control may include a control filler.

[0018] In 101 a positive control for a condition of interest 1s predetermined. The condition of
interest 1s a disease or condition where early detection 1s desired, such as human pregnancy,
Trisomy 21, Trisomy 18, or human colon cancer. The control marker for the positive control 1s
selected based upon the expression of a biomarker 1n the sample unique to the condition of
interest. The biomarker may be cfDNA, found in extracellular vesicles (e.g. dSDNA found 1n
extracellular vesicles), that 1s mutated or contains a chromosomal abnormality. The biomarker
may be mRNA, found in extracellular vesicles, that 1s specific for a certain disease or condition

(abnormal) . Further, the biomarker may be a protein, found in extracellular vesicles, that 1s
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specific for a disease or a condition (abnormal). The biomarker determines the selection of the
control marker, as the control marker 1s substantially similar to the biomarker (e.g. the biomarker
and the control marker are the same mutated gene, mutation, chromosomal abnormality,
chromosome aneuploidy, disease specific mRNA, disease specific microRNA or disease specific
proteins). The noninvasive molecular control 1s a positive control that contains the control
marker of the condition of interest. The positive control may contain the control marker in
proportions substantially similar to the biomarker in the sample with the condition of interest.
[0019] In 102 a cell line that produces the predetermined control marker 1s selected for the
positive control. The cell line may be primary cultured cells (e.g. cells 1solated and cultured
from a biologic tissue, such as a tumor) or another human cell line (e.g. established cell lines)
that produces the control marker specific to the biomarker of the condition of interest. The
control marker may be a genetically altered gene, such as mutated DRAS, p53, BRCA 1, BRCA
2. The control marker may be a genetically altered (mutated) mRNA. The control marker may
be normal mRNA 1n abnormal quantities. The control marker may be a protein having an
abnormality (e.g. structural deficiency, abnormal amount, or the like). The cell line produces
extracellular vesicles containing ctDNA, mRNA, microRNA or protein with the control marker.
Theretore, the cell line 1s selected dependent on the cfDNA, mRNA, microRNA or protein
released from the cell line, which contains the control marker.

[0020] For example, when human pregnancy 1s the condition of interest, the control marker may
be the ras association domain-containing protein 1 (e.g. RASSF1A) promoter region that 1s
hypermethylated (e.g. hypermethylated RASSF1A). In a pregnant female human (e.g. the
mother), the biomarker 1s fetal cfDNA that contains hypermethylated RASSF1A that 1s present

1in extracellular vesicles of the mother. The mother also has ctDNA produced from her own cells

10
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with a hypomethylated RASSF1A promoter region (e.g. hypomethylated RASSF1A). A non-
pregnant female human does not have fetal ctDNA with hypermethylated RASSF1A, only
cfDNA with hypomethylated RASSF1A. Therefore, the cell line when the condition of interest
1s pregnancy 1s the TOV 21G cell line, which produces extracellular vesicles containing cfDNA
with hypermethylated RASFF1A. The TOV 21G cell line 1s a human cell line 1solated and
cultured from a human female ovarian epithelial cell with grade 3, stage III, primary malignant
adenocarcinoma, clear cell carcinoma.

[0021] Additionally, when human pregnancy 1s the condition of interest, the control marker may
be placenta-specific 4 (PLAC4) mRNA. In the mother, the biomarker 1s fetal PLAC4 mRNA
present 1n extracellular vesicles of the mother. A non-pregnant female human does not have fetal
extracellular vesicles containing PLAC4 mRNA. Therefore, the cell line when the condition of
interest 1s pregnancy may be the JAR cell line, which produce extracellular vesicles containing
PLAC4 mRNA. The JAR cell line 1s a human cell line 1solated and cultured from a human
female placenta where the fetus had choriocarcinoma.

[0022] Further, when human pregnancy 1s the condition of interest, the control marker may be
metalloprotease protein 12 (ADAMI12) placental protein. In the mother, the biomarker 1s
ADAMI12 placental protein in extracellular vesicles of the mother. A non-pregnant female
human does not have fetal extracellular vesicles containing ADAMI2 placental protein.
Theretore, the cell line when the condition of interest 1s pregnancy may be the JAR cell line,
which produces extracellular vesicles containing ADAM12 placental protein.

[0023] When Triosomy 21 1n a human fetus (e.g. fetus) 1s the condition of interest the control
marker may be the centromere of chromosome 21. Fetal ctDNA of a fetus with Trisomy 21

contains three copies of chromosome 21, and therefore three copies of the centromere of

11
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chromosome 21. In a mother with a fetus having Trisomy 21, the biomarker 1s fetal ctDNA that
contains three copies of the centromere of chromosome 21, which are present in extracellular
vesicles of the mother. The mother also has ctDNA produced from her own cells with two
copies of the centromere of chromosome 21. Therefore, the cell line when the condition of
interest 1s Trisomy 21 may be Detroit 532, which produces cfDNA with three copies of the
centromere of chromosome 21. The Detroit 532 cell line 1s a human cell line 1solated and
cultured from a human male fibroblast cell.

[0024] Further, when Trisomy 21 1n the fetus 1s the condition of interest the control marker may
be fetal PLCA4 mRNA. Fetal mRNA of a fetus with Trisomy 21 contains three copies of
chromosome 21, and therefore additional expression of mRNA transcribed from the DNA of all
three copies of chromosome 21. Therefore, the fetus having Trisomy 21 will have an expression
of fetal PLAC4 that 1s higher than that of a fetus without Trisomy 21. As such, the cell line
when the condition of interest 1s Trisomy 21, may be the JAR cell line, which produces PLAC4
mRNA.

[0025] When Trisomy 18 in the fetus 1s the condition of interest the control marker may be
ADAMI12 placental protein. Expression of ADAMI2 placental protein 1s suppressed in a fetus
with Trisomy 18. Therefore, the fetus having Trisomy 18 will have an expression of ADAMI12
placental protein that 1s lower than that of a fetus without Trisomy 18. As such, the cell line
when the condition of interest 1s Trisomy 18, may be the JAR cell line, which produces
ADAMI12 placental protein.

[0026] When human colon cancer 1s the condition of interest the control marker 1s kirston rat
sarcoma viral oncogene homolog (KRAS) exon 2 G13D with a heterozygous mutation. A

human with colon cancer produces the biomarker of ctDNA with a heterozygous mutation of
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KRAS exon 2 G13D. Theretfore, the cell line when the condition of interest 1s human colon
cancer 1s HCT116 as 1t produces ctDNA with a heterozygous mutation of KRAS exon 2G13D.
The HCT 116 cell line 1s a human cell line 1solated and cultured from a male epithelial colon cell
with colorectal carcinoma.

[0027] In 103, the release of the control marker from the cell line 1s amplified. The cell
lines may be induced by chemicals and other treatments to amplify the production of
extracellular vesicles, which contain the control marker 1n the extracellular vesicles when the cell
line 1s still 1n a culture medium. These chemicals and other treatments include, subjecting cell
lines to hypoxia or glucose deprivation, or adding chemical compounds, such as hypoxia-
inducible factor (HIF) hydroxylase inhibitor dimethyloxaloylglycine (DMOG), a 2-oxoglutarate
analogue at an approximately 1 to 3 millimolar (mM) concentration, adenosine triphosphate
(ATP) at an approximately 1 to 5 mM concentration, or 1onophore  (2S,3R,4S)-4-
[(2S,5R,7S,8R,95)-2-[(2R,5S)-5-ethyl-5-[(2R,3S,5R)-5-[(2S,3S,5R,6R)-6-hydroxy-6-
(hydroxymethyl)-3,5-dimethyloxan-2-yl]-3-methyloxolan-2-yl Joxolan-2-yl]-7-hydroxy-2, 8-
dimethyl-1,10-dioxaspiro[4.5]decan-9-yl]|-3-methoxy-2-methylpentanoic acid (monensin) at an
approximately 1 to 10 micromolar (uM) concentration.

[0028] For example, when the cell line 1s TOV 21G, the cell line 1s treated with
1onophore monensin at an effective concentration from 5-15 uM, under conditions of 37 degrees
Celsius 1n a humidified atmosphere of 5% carbon dioxide for at least 1 day. When the cell line 1s
Detroit 532 the cell line 1s treated with 1onophore monensin at an effective concentration from 5-
15 uM under conditions of 37 degrees Celsius 1n a humidified atmosphere of 5% carbon dioxide

for at least 1 day.
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[0029] When the cell line 1s JAR cells and the control maker 1s PLAC4 mRNA, the cell
line 1s treated with 1onophore Monesin at an effective concentration from 5-15 uM under
conditions of 37 degrees Celsius 1n a humidified atmosphere of 5% carbon dioxide for at least 1
day. When the cell line 1s JAR cells and the control marker 1s ADAM12 placental protein, the
cell line 1s treated with with 1onophore Monesin at an effective concentration from 5-15 uM
under conditions of 37 degrees Celsius 1in a humidified atmosphere of 5% carbon dioxide for at
least 1 day. When the cell line 1s HCT 116 the cell line 1s treated with 1onophore monensin at an
effective concentration from 5-15 uM under conditions of 37 degrees Celsius 1n a humidified
atmosphere of 5% carbon dioxide for at least 1 day. As used herein effective concentration
means the concentration of 1onophore monensin 1n solution taking into account the chemical
potential of 1onophore monensin 1n real solution.

[0030] In 104, the control marker 1n extracellular vesicles 1s 1solated from a cell culture medium
of the cell lines. The cell lines release the extracellular vesicles containing the ctDNA 1nto the
cell culture medium. The extracellular vesicles may be 1solated from the cell culture medium
using an exosome 1solation kit for total exosome 1solation from cell culture media. For example,
total exosome 1solation kits may contain sodium azide to act as the chemical that 1solates the
extracellular vesicles (e.g. total exosome 1solation reagent). A protocol using the total exosome
1solation kit 1s followed to 1solate the extracellular vesicles. For example, collection and
centrifugation of the cell culture media at 2000 x (1.118 x 10™) (e.g. x g) for 30 minutes at room
temperature 1s done to remove cells and other cellular and biological debris. After centrifugation
the cell culture media containing the extracellular vesicles 1s transferred to a collection tube (e.g.
test tube) and 1s mixed with a volume (e.g. 25 mL) of the total exosome i1solation reagent. The

cell culture media 1s then incubated at 4 degrees overnight (e.g. approximately 12 hours). After

14



CA 03014773 2018-08-15

WO 2017/155894 PCT/US2017/020987

overnight incubation the cell culture media 1s centrifuged at 10,000 x g for 1 hour at 4 degrees
Celsius. After centrifugation the supernatant contains the remaining cellular and biological debris
and 1s aspirated and discarded. The extracellular vesicles remain in an extracellular vesicle
pellet, which may be further suspended 1n phosphate-buffered saline (PBS) and stored at minus
80 degrees Celsius. The control marker 1s then 1solated from the extracellular vesicles in the
extracellular vesicle pellet. When the control marker 1s ¢cfDNA 1t may be i1solated via a
commercial kit that may utilize a column elution protocol with a silica-based membrane for
binding, such as QIAGEN circulating nucleic acid 1solation kit. When the control marker 1s
mRNA 1t may be 1solated via a commercial kit that may utilize column elution protocol with a
cellulose-based membrane for binding. When the control marker 1s protein the 1solation further
includes sonication of the extracellular vesicle pellet, such as sonication for approximately one
minute on 1ce.

[0031] In 105, the control marker 1s quantified from the 1solated control marker. When the
control marker 1s cfDNA, the number of control marker copies are quantified using droplet
digital polymerase chain reaction (ddPCR). When the control marker 1s mRNA, the number of
control marker copies are quantified using reverse transcription ddPCR. When the control
marker 1s protein, the number of control marker copies are quantified using enzyme linked
immunosorbent assay (ELISA). The quantification may then be converted to give a
concentration of control marker, such as copies per volume (e.g. copies/mL), or microgram per
volume (micrograms/mL).

[0032] In 106, a volume of the control marker 1s determined to add to an 1solated control plasma.
The volume makes up a corresponding percentage of the noninvasive molecular control. When

the control marker 1s hypermethylated RASSF1A, the control marker may be 10%, 15%, or 20%
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of the total volume of the noninvasive molecular control (e.g. the control marker 1s 10% of the
total volume of cfDNA 1n the nonminvasive molecular control), as determined by the gestational
age of the subject's fetus to be tested. In a pregnant human the percentage of fetal ctDNA with
hypermethylated RASSF1A increases as the gestational age of the fetus increases, changing the
composition of the total RASSF1A composition, with the percentages being approximately 10%
during the first trimester, approximately 15% during the second trimester, and approximately
20% during the third trimester.

[0033] For example, 1f 100 milliliter (mL) of a first trimester noninvasive molecular control 1s
desired, then the percentage of hypermethylated RASSFIA 1s preferably adjusted to
approximately 10%.  cfDNA concentration i1n the non-pregnant human ranges from
approximately 1000-1500 copies/mL of plasma, which 1s also the same equivalent of the
hypomethylated RASSF1A of 1000-1500 copies/mL. The number of RASSF1A (both
hypomethylated and hypermethylated) copies in a pregnant human during pregnancy increases to
approximately 1,800 per mL, 1f the upper end of the hypomethylated RASSF1A concentration 1s
used from the non-pregnant human concentration. Therefore, the noninvasive molecular control
for the first trimester preferably includes a concentration of 180 copies/mL of hypermethylated
RASSFI1A (i1.e. the control marker), and a concentration of 1620 copies/mL of a control filler.
[0034] If the noninvasive molecular control 1s for the second trimester 1t preferably includes a
concentration of 270 copies/mL of hypermethylated RASSF1A, and a concentration of 1530
copies/mL of a control filler. If the noninvasive molecular control 1s for the third trimester it
preferably includes a concentration of 360 copies/mL of hypermethylated RASSF1A, and a
concentration of 1440 copies/mL of a control filler. When the control marker 1s hypermethylated

RASSFI1A, the control filler 1s hypomethylated RASSF1A.
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[0035] The volume of the control marker to be added 1s determined by the equation Y = (A x
V)/X, where Y 1s the volume of the control marker to be added to the noninvasive molecular
control, A 1s the concentration of the control marker (e.g. copies/mL, micrograms/mL) needed in
the noninvasive molecular control, V 1s the total volume of the noninvasive molecular control,
and X 1s the concentration (e.g. copies/mL, micrograms/mL) of the 1solated control marker. For
a 100 mL first trimester molecular control, A 1s 180 copies/mL of hypermethylated RASSF1A, V
1s 100 mL, and X 1s 35,000 copies/mL. Y 1s (180 copies/mL x 100 mL)/35,000 copies/mL, and
Y equals 0.514 mL.

[0036] When the noninvasive molecular control includes a control filler, the volume of the
control filler copies to be added 1s determined by the equation R = ((S-A) x V)/Z, where R 1s the
volume (e.g. mL) of the control filler, in this example hypomethylated RASSF1A, to be added to
the noninvasive molecular control, S 1s the desired concentration (e.g. copies/mL,
micrograms/mL) of RASSFI1A copies (hypomethylated + hypermethylated) in the noninvasive
molecular control, A 1s the concentration (e.g. copies/mL) of the control marker in the control
plasma, V 1s the total volume of the noninvasive molecular control, and Z 1s the concentration
(e.g. copies/mL) of a hypomethylated RASSFAT1A stock solution.

[0037] The hypomethylated RASSF1A stock solution may be obtained either through isolation
of extracellular vesicles from primary human dermal fibroblast cells or 1solation of extracellular
vesicles from non-pregnant human female blood, utilizing the same protocol as in 104. The
concentration of the hypomethylated RASSF1A stock solution 1s determined by extracting
cfDNA from a predetermined volume of the hypomethylated RASSFI1A stock solution and

quantifying the RASSF1A copy number by ddPCR. For a 100 mL first trimester molecular
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control, S 1s 1800 copies/mL, A 1s 180 copies/mL, V 1s 100 mL, and Z 1s 150,000 copies/mL. R

1S (1800 copies/mL — 180 copies/mL) x 100 mL / 150,000 copies/mL, and R equals 1.08 mL.

[0038] When the condition of interest 1s human pregnancy, the control marker may be PLACA4
mRNA, where the control marker may of a concentration of 250, 500, and 750 (copies/mL of the
noninvasive molecular control), as determined by the gestational age of the subject's fetus to be
tested. In a pregnant human the concentration of PLAC4 mRNA increases as the gestational age
of the fetus increases, changing the composition of the PLAC4 mRNA 1n extracellular vesicles,
with the concentrations being approximately 250, 500, and 750 copies/mL of the noninvasive
molecular control during the first, second, and third trimesters, respectively. In a non-pregnant
human female, PLAC4 mRNA 1n extracellular vesicles 1s not present, and therefore no control
filler 1s 1n the noninvasive molecular control. The volume of control marker to be added 1s
determined by the equation Y = (A x V)/X.

[0039] When the condition of interest 1s human pregnancy, the control marker may be ADAM12
protein, where the control marker concentration may be from 0.15 to 0.50 (micrograms/mL of
the noninvasive molecular control). Preferably, the control marker 1s 0.15 micrograms/mL. In a
non-pregnant human female ADAMI12 1n extracellular vesicles 1s not present, and therefore no
control filler 1s 1n the noninvasive molecular control. The volume of control marker to be added
1s determined by the equation Y = (A x V)/X.

[0040] When the condition of interest 1s Trisomy 21, the control marker may be the centromere
of chromosome 21, the control marker may be 10%, 15%, or 20% of the total volume of the
noninvasive molecular control, as determined by the gestational age of the subject's fetus to be
tested. When the condition of interest 1s Trisomy 21, there 1s also a secondary control marker of

hypermethylated RASSF1A, which 1s the control to test for the presence or absence of fetal
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cfDNA. The secondary control marker may be 10%, 15%, or 20% of the total concentration in
the noninvasive molecular control, as determined by the gestational age of the subject's fetus to
be tested. When the condition of interest 1s Trisomy 21, the control filler 1s hypomethylated
RASSFIA. 1In a pregnant human the percentage of fetal cfDNA with hypermethylated
RASSF1A increases as the gestational age of the fetus increases, changing the composition of
the total RASSF1A composition, with the percentages being approximately 10% during the first
trimester, approximately 15% during the second trimester, and approximately 20% during the
third trimester. The proportion of the control marker and the secondary control marker in the
noninvasive molecular control 1s substantially similar to the percentage of fetal cfIDNA 1n a
pregnant human. The volume of the control marker to be added 1s determined by the equation
Y = (A x V)/X. The volume of the secondary control marker to be added 1s determined by the
equation Y = (A; x V)/X, where A; 1s the concentration of the secondary control marker

(copies/mL) needed 1n the noninvasive molecular control. The volume of the control filler (e.g.

hypomethylated RASSF1A) to be added 1s determined by the equation R = ((S-(A + A;,)) x V)/Z.

For a 100 mL noninvasive molecular control for the first trrmester when the condition of interest
1s Trisomy 21, S 1s 1800 copies/mL, A 1s 180 copies/mL, A, 1s 180 copies/mL V 1s 100 mL, and
Z 1s 150,000 copies/mL, and R equals 0.96 mL.

[0041] When the condition of interest 1s Trisomy 21, the control marker may may be PLAC4
mRNA. The concentration of the control marker may be 250, 500, and 750 copies/mL of the
noninvasive molecular control, as determined by the gestational age of the subject's fetus to be
tested. In a non-pregnant human female PLAC4 mRNA 1s not present, and therefore no control
filler or secondary control 1s in the noninvasive molecular control. The volume of the control

marker to be added 1s determined by the equation Y = (A x V)/X.
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[0042] When the condition of interest 1s Trisomy 18, the control marker may be ADAMI2
placental protein. The control marker may 1s from 0.15 to 0.50 (micrograms/mL) of the
noninvasive molecular control. Preferably, the control marker 1s 0.15 micrograms/mL. In a
pregnant human with a fetus having Trisomy 18, the concentration of ADAMI12 1s approximately
0.10 (micrograms/mL of plasma). In a non-pregnant human female ADAMI12 in extracellular
vesicles 1s not present, and therefore no control filler or secondary control marker 1s in the
noninvasive molecular control. The volume of the control marker to be added 1s determined by
the equation Y = (A x V)/X. The concentration of the control marker in the noninvasive
molecular control 1s substantially similar to the concentration of ADAMI12 in a pregnant human
with a normal fetus.

[0043] When the condition of interest 1s colon cancer, the control marker 1s KRAS exon 2 G13D
with a heterozygous mutation, and the control filler 1s the wild type KRAS gene. The control
filler (e.g. wild-type KRAS) may be obtained from blood of a human donor or from a cell line
that produces the control filler. The cell line may be primary cultured cells (e.g. cells 1solated
and cultured from a biologic tissue, such as a tumor, skin tissue, or the like) or another human
cell line (e.g. established cell lines) that produces the control filler, which may be 1solated
pursuant to the protocol in 104. The control marker may be 10%, 15%, or 20% of the total
volume of the noninvasive molecular control. The total concentration of the control marker and
the control filler 1s 1800 copies/mL. The volume of the control marker to be added 1s determined
by the equation Y = (A x V)/X. The volume of the control filler to be added 1s determined by the
equation R = ((S-A) x V)/Z.

[0044] In 107, the control plasma 1s 1solated from a control sample. The control plasma i1s a

biological fluid, such as human blood, animal blood, artificial plasma, or synthetic urine. When
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the sample 1s human blood, the control plasma may be 1solated from a control sample, or 1t may
be an artificial plasma of artificial constituents. The artificial plasma may be the following
combined artificial constituents 1n the stated amounts: human serum albumin of 80 grams (e.g.
o), tri-potassium ethylenediaminetetraacetic acid (KsEDTA) of 1.7 g, 2-bromo-2nitropropane-1,
3-diol of 1 g, Aminocaproic acid of 1 g, imidazolidinyl (IDU) of 2 g, bilirubin of 0.0001 g,
sodium chloride (NaCl) of 8 g, potassium chloride (KCI) of 0.2 g, disodium phosphate
(Na,HPO,) of 1.44 g, and monopotassium phosphate (KH;POy4) of 0.24 g dissolved in 800 mL
of distilled water with a pH adjustment to 7.4 using hydrocholoride (HCI). The volume 1s then
adjusted to 1 liter by adding distilled water. The artificial plasma may then be sterilized by
autoclaving for approximately 20 minutes at about 15 pounds per square inch (Ib/sq. in.) on a
liquid cycle of an autoclave. The artificial plasma may then be stored at low temperature, such as

—80 °C, until use.

[0045] The control sample may be blood from any animal source, such as, human, bovine,
porcine, horse, bird, or fish. When the control blood 1s human blood, the control plasma may be
1solated by two state centrifugation. The control plasma i1s first separated from blood by
centrifugation at about 1600 x g at room temperature for 10 minutes. The control plasma 1s then
removed without disturbance of the bufty coat and 1s transferred to a new centrifugation tube and
centrifuged at 16,000 x g for 10 minutes at room temperature. The control plasma, which 1s now
clarified, 1s removed without substantially disturbing the centrifugation pellet. When the control
blood 1s of a non-human source, the control plasma may be 1solated by a two stage centrifugation
protocol to remove endogenous extracellular vesicles. The control plasma 1s first separated from
blood by centrifugation at 1600 x g at room temperature for 10 minutes. The control plasma 1s

then removed without disturbance of the bufty coat and 1s transferred to a new centrifugation
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tube and centrifuged at 100,000 x g for 2 hours at 4 °C. The control plasma, which is now

clarified, 1s removed without substantially disturbing the centrifugation pellet. The control
plasma may be stored at — 80 °C.

[0046] When the sample 1s human urine, the control plasma may be synthetic urine. The
synthetic urine may be a combination of artificial constituents, such as sodium sulfate 2 grams
(e.g. g), ammonium dihydrogenphosphate 0.85 g, ammonium hydrogenphosphate 0.15 g,
calcium chloride dehydrate 0.25 g, magnesium chloride hexahydrate 0.5 g, potassium chloride 2
o tri-potassium ethylenediaminetetraacetic acid (K3EDTA) of 1.7 g, 2-bromo-2nitropropane-1,
3-diol of 1 g, aminocaproic acid of 1 g, imidazolidinyl urea (IDU) of 2 g, bilirubin of 0.0001 g
and urea 0.2 g dissolved in 800 mL of distilled water. The volume of the synthetic urine 1s then
adjusted to 1 liter by adding distilled water. The synthetic urine may then be sterilized by
autoclaving for 20 minutes at 15 pounds per square inch (Ib/sq. in.) on a liquid cycle of an
autoclave. The synthetic urine may then be stored at —80 °C until use.

[0047] In 108, the control plasma 1s treated with a control stabilizer to inhibit protease activity.
The control stabilizer may be 2-bromo-2nitropropane-1, 3-diol 1n a concentration from 0.05-
0.5% weight/volume, with preferred concentration of 0.1% weight/volume, where concentrations
less than 0.05% weight/volume and greater than 0.5% weight/volume are not effective for
stabilization of the control plasma. The control stabilizer may be aminocaproic acid 1n a
concentration from 0.1% - 0.5% weight/volume, with preferred concentration of 0.1%
welght/volume, where concentrations less than 0.1% weight/volume and greater than 0.5%
welght/volume are not effective for stabilization of the control plasma. The control stabilizers
may further include imidazolidinyl urea 1n a concentration from 0.15% - 0.2% weight/volume,

with the preferred concentration at 0.2% weight/volume, where concentrations less than 0.15%
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weight/volume and greater than 0.2% weight/volume are not effective to stabilize extracellular
vesicle membranes.

[0048] In 109, a volume of the control plasma 1s determined to add to the volume of the control
marker and control stabilizer. For example, i1f the desired volume of the noninvasive molecular
control 1s 100 mL, the desired percentage of the control marker 1s determined 1n 107, and the
volume of control plasma with the control stabilizer to be added 1s determined by the equation C
=V — R, where C 1s the volume of the control plasma to be added, V 1s the total volume of the
noninvasive molecular control, Y 1s the volume of control marker to be added. When the
noninvasive molecular control includes a control filler, the volume of the control plasma 1s
determined by the equation C =V — (Y + R)where R 1s the volume of the control filler.

[0049] In 110, the volume of the control marker with control stabilizer 1s combined to the
volume of the control plasma, such as in a collection tube to produce the noninvasive molecular
control.

[0050] In 111, a sample 1s analyzed against the noninvasive molecular control to determine the
presence or absence of the condition of interest. The biomarker 1s extracted from the sample and
the noninvasive molecular control simultaneously. When the biomarker 1s ctDNA the extraction
1s via a commercial kit that may utilize a column elution protocol with a silica-based membrane
for binding, such as QIAGEN circulating nucleic acid 1solation kit. The cIDNA from the sample
and the noninvasive molecular control 1s quantified and the quantification values are compared
to determine that requisite levels of cIDNA are present to further analyze. The cfDNA from the
sample and the noninvasive molecular control 1s then sequenced, via a DNA sequencing method,
such as massively parallel DNA sequencing, to determine the presence or absence of the control

marker indicating the presence or absence of the condition of interest.
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[0051] When the biomarker 1s mRNA the extraction 1s via a commercial kit that may utilize a
column elution protocol with a cellulose-based membrane for binding. The mRNA from the
sample and the noninvasive molecular control 1s quantified and the quantification values are
compared to determine that requisite levels of mRNA are present to further analyze. The mRNA
from the sample and noninvasive molecular control 1s then sequenced, via an mRNA sequencing
method, such as reverse transcriptase ddPCR or reverse transcriptase real time PCT, to determine
the presence or absence of the control marker indicating the presence or absence of the condition
of interest.

[0052] When the biomarker 1s protein the extraction 1s by homogenization via sonication. The
protein from the sample and the noninvasive molecular control 1s quantified and the
quantification values are compared to determine that requisite levels of protein are present to
further analyze. The protein from the sample and noninvasive molecular control 1s then
quantified, via a protein quantification method, such as ELISA, to determine the presence or
absence of the control marker indicating the presence or absence of the condition of interest.
[0053] For example, when the condition of interest 1s pregnancy and the control marker 1s
cfDNA, the cfDNA 1s extracted from the sample and from the noninvasive molecular control
simultaneously via a commercial kit that may utilize a column elution protocol with a silica-
based membrane for binding, such as QIAGEN circulating nucleic acid 1solation kit. Then a
portion of the extracted ctDNA from the sample and from the noninvasive molecular control 1s
used to quantify the control marker using real ttme PCR or digital PCR. The presence of the
condition of interest will present results where the noninvasive molecular control shows an
indicated percentage of the control marker (e.g. if the noninvasive molecular control contains

10% control marker, the result will show a quantative amount of approximately 10% control
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marker) and the sample shows a threshold (e.g. an amount of the control sample that indicates
the sample has the control marker present), such as greater than 5%, of the control marker, and
upon DNA sequencing, or other genetic sequence detection method, of the sample and the
noninvasive molecular control both display the control marker for the condition of interest.

[0054] For example, when the condition of interest 1s pregnancy and the control marker 1s
mRNA, the mRNA 1s extracted from the sample and from the noninvasive molecular control
simultaneously via a commercial kit that may utilize a column elution protocol with a cellulose-
based membrane for binding. Then a portion of the extracted mRNA from the sample and from
the nonminvasive molecular control 1s used to quantify the control marker using reverse
transcriptase ddPCR or reverse transcriptase PCR. The presence of the condition of interest will
present results where the noninvasive molecular control shows an indicated percentage of the
control marker (e.g. i1if the noninvasive molecular control contains a concentration of 250
coptes/mL of the control marker, the result will show a quantative concentration of 250
copies/mL of control marker) and the sample shows a threshold (e.g. an amount of the control
sample that indicates the sample has the control marker present), such as a concentration greater
than 250 copies/mL of the control marker, and upon mRNA sequencing, or other genetic
sequence detection method, of the sample and the noninvasive molecular control both display the
control marker for the condition of interest.

[0055] For example, when the condition of interest 1s pregnancy and the control marker 1s
protein, the protein 1s extracted from the sample and from the noninvasive molecular control
simultaneously by homogenization via sonication. Then a portion of the extracted protein from
the sample and from the noninvasive molecular control 1s used to quantify the control marker by

ELISA. The presence of the condition of interest will present results where the noninvasive
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molecular control shows an indicated percentage of the control marker (e.g. if the noninvasive
molecular control contains a concentration of 0.15 micrograms/mL of control marker, the result
will show a quantitative concentration of approximately 0.15 micrograms/mL and the sample
shows a threshold (e.g. an amount of the control sample that indicates the sample has the control
marker present), such as greater than a concentration of 0.15 micrograms/mL of the control
marker, and upon ELISA or other detection method, of the sample and the noninvasive
molecular control both display the control marker for the condition of interest.

[0056] When the condition of interest 1s Trisomy 21 and cfDNA 1s the control marker, the
cfDNA 1s extracted from the sample and from the noninvasive molecular control simultaneously
via a commercial kit that may utilize a column elution protocol with a silica-based membrane for
binding, such as QIAGEN circulating nucleic acid 1solation kit. Then a portion of the extracted
cfDNA from the sample and from the noninvasive molecular control 1s used to quantify the
control marker using real time PCR or digital PCR. The presence of the condition of interest will
present results where the noninvasive molecular control shows an indicated percentage of the
secondary control marker (e.g. 1f the noninvasive molecular control contains 10% of the
secondary control marker, the result will show a quantative amount of approximately 10% of the
secondary control marker) and the sample shows a threshold (e.g. an amount of the control
sample that indicates the sample has the control marker present), such as greater than 5%, of the
control marker, and upon DNA sequencing, or other genetic sequence detection method, of the
sample and the noninvasive molecular control both display the control marker for the condition
of interest.

[0057] When the condition of interest 1s Trisomy 21 and mRNA 1s the control marker, the

mRNA 1s extracted from the sample and from the noninvasive molecular control simultaneously
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via a commercial kit that may utilize a column elution protocol with a cellulose-based membrane
for binding. Then a portion of the extracted mRNA from the sample and from the noninvasive
molecular control 1s used to quantify the control marker using reverse transcriptase real time
PCR or reverse transcriptase ddPCR. The presence of the condition of interest will present
results where the noninvasive molecular control shows an indicated percentage of the control
marker (e.g. 1f the noninvasive molecular control contains 500 copies/mL of the control marker,
the result will show a quantitattive amount of approximately 500 copies/mL of the control
marker) and the sample shows a threshold (e.g. an amount of the control sample that indicates
the sample has the control marker present), such as a concentration from 500 copies/mL or
areater, of the control marker, and upon mRNA sequencing, or other genetic sequence detection
method, of the sample and the noninvasive molecular control both display the control marker for
the condition of interest.

[0058] When the condition of interest 1s Trisomy 18 and protein 1s the control marker, the
protein 1s extracted from the sample and from the noninvasive molecular control simultaneously
by homogenization via sonication. Then a portion of the extracted protein from the sample and
from the noninvasive molecular control 1s used to quantify the control marker using ELISA. The
presence of the condition of interest will present results where the noninvasive molecular control
shows an indicated percentage of the control marker (e.g. 1f the noninvasive molecular control
contains a concentration of 0.15 micrograms/mL of control marker, the result will show a
quantitative concentration of approximately 0.15 micrograms/mL and the sample shows a
threshold (e.g. an amount of the control sample that indicates the sample has the control marker

present), such as lower than a concentration of 0.15 micrograms/mL of the control marker, and
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upon ELISA analysis, or other detection method, of the sample and the noninvasive molecular
control both display the control marker for the condition of interest.

[0059] When the condition of interest 1s colon cancer ¢cfDNA 1s extracted from the sample and
from the noninvasive molecular control simultaneously via a commercial kit that may utilize a
column elution protocol with a silica-based membrane for binding, such as QIAGEN circulating
nucleic acid 1solation kit. The extracted cfDNA from the sample and the noninvasive molecular
control 1s then quantified and analyzed for the control marker (e. g KRAS G13D mutation)
using real time PCR, digital PCR, or ice-COLD-PCR. The presence of the condition of interest
will present results where the noninvasive molecular control shows an indicated percentage of
the control marker (e.g. if the noninvasive molecular control contains 10% control marker, the
result will show a quantitative amount of approximately 10% control marker) and the sample
shows a threshold (e.g. an amount of the control sample that indicates the sample has the control
marker present), such as greater than 2%, of the control marker, and upon DNA sequencing, or
other genetic sequence detection method, of the sample and the noninvasive molecular control
both display the control marker for the condition of interest.

[0060] It 1S believed that the present invention and many of its attendant advantages will be
understood from the foregoing description. It 1s also believed that 1t will be apparent that various
changes may be made 1n the form, construction and arrangement of the components thereof
without departing from the scope and spirit of the invention or without sacrificing all of 1ts
material advantages. The form herein before described being merely an explanatory
embodiment thereof, 1t 1s the intention of the following claims to encompass and include such

changes.
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1. A method of making a noninvasive molecular control for determining the presence or
absence of a condition of interest, the method comprising:

predetermining a positive control for the condition of interest;

selecting a first cell line for the positive control that produces a first extracellular vesicle with a
first control marker for the condition of interest;

amplifying the production of the first extracellular vesicle from the selected first cell line;
1solating the produced control marker from the selected first cell line;

quantifying the first control marker from the 1solated first control marker:;

determining a volume of the first control marker for addition to an 1solated control plasma;
1solating the control plasma from a control sample;

treating the 1solated control plasma with a control stabilizer:;

determining a volume of the control plasma to add to the volume of the first control marker;
combining the volume of the control plasma with the volume of the first control marker; and
producing the noninvasive molecular control.

2. The method of Claim 1, wherein the condition of interest 1s pregnancy.

3. The method of Claim 2, wherein

the selected first cell line1s Tov 21 G, and wherein

the first control marker 1s hypermethylated ras association domain-containing protein 1 promoter
region.

4 The method of Claim 2, wherein

the selected first cell line 1s JAR, and wherein

the first control marker 1s placenta-specific 4 messenger ribonucleic acid.

5. The method of Claim 2, wherein
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the selected first cell line 1s JAR, and wherein

the first control marker 1s metalloprotease protein 12 placental protein.

6. The method of Claim 1, wherein the condition of interest 1s trisomy 21.

7. The method of Claim 6, wherein

the selected first cell line 1s Detroit 532, and wherein

the first control marker 1s a centromere of chromosome 21.

8. The method of claim 6, wherein

the first selected cell line 1s JAR, and wherein

the first control marker 1s placenta-specific 4 messenger ribonucleic acid.

9. The method of claim 1, wherein

the condition of interest 1s Trisomy 18.

10. The method of claim 9, wherein

the first selected cell line 1s JAR, and where

the first control marker 1s metalloprotease protein 12 placental protein.

11.  The method of Claim 1, further comprising

selecting a second cell line for the positive control that produces a second extracellular vesicle
with a secondary control marker for the condition of interest

wherein the secondary control marker 1s hypermethylated ras association domain-containing
protein 1 promoter region;

amplifying the production of a second extracellular vesicle from the selected second cell line;
1solating the produced second control marker from the selected second cell line;

quantifying the second control marker from the 1solated second control marker;

determining a volume of the second control marker for addition to the 1solated control plasma;
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combining the volume of the secondary control marker with the volume of the control plasma
and the volume of the first control marker; and

producing the noninvasive molecular control.

12. The method of Claim 1, wherein the condition of interest 1s colon cancer.

13. The method of Claim 12, wherein

the selected first cell line 1s HCT 116, and wherein

the first control marker 1s kirston rat sarcoma viral oncogene homolog exon 2 G13D.

14. The method of Claim 1, wherein amplifying the release of the first extracellular vesicle
further comprises treating the first cell line with 1nophore monensin with an effective
concentration from 5 to 15 mM at 37 degrees Celsius 1n a humidified atmosphere of 5 percent
carbon dioxide for at least 24 hours.

15. The method of Claim 1, wherein the control stabilizer 1s 2-bromo-2nitropropane-1, 3-diol
of a concentration from 0.05 to 0.5 percent weight/volume.

16. The method of Claim 16, wherein the control stabilizer 1s aminocaproic acid of a
concentration from 0.1 to 0.5 percent weight/volume.

17. The method of Claim 13, wherein the control stabilizer further comprises imidazolidinyl
urea from 0.15 to 0.2 percent weight/volume.

18. The method of Claim 15, wherein the control stabilizer further comprises imidazolidinyl

urea from 0.15 to 0.2 percent weight/volume.

19. The method of Claim 1, wherein the sample 1s human blood.

20. The method of Claim 1, wherein the sample 1s human urine.

21. The method of Claim 18, wherein the control sample 1s blood from an animal source.
22. The method of Claim 18, where the control sample 1s artificial plasma.
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23. The method of Claim 20, where the control sample 1s synthetic urine.
24. A method of analyzing a sample against a noninvasive molecular control to determine the
presence or absence of a condition of interest, the method comprising:
quantifying a first control marker 1n the sample;
quantifying the first control marker in the noninvasive molecular control;
determining the presence or absence of the condition of interest, the determining comprising
comparing an indicated percentage of the first control marker in the noninvasive molecular
control to a predetermined threshold of the first control marker in the sample,

wherein the predetermining of the noninvasive molecular control comprises:
predetermining a positive control for the condition of interest;
pre-selecting a first cell line for the positive control where the preselected first cell line produces
a first extracellular vesicle with the first control marker for the condition of interest;
amplifying the production of the first extracellular vesicle from the selected first cell line;
1solating the produced first control marker from the selected first cell line;
quantifying the first control marker from the 1solated first control marker;
determining a volume of the first control marker for addition to an 1solated control plasma;
1solating the control plasma from a control sample;
treating the 1solated control plasma with a control stabilizer:;
determining a volume of the control plasma to add to the volume of the first control marker; and
combining the volume of the control plasma with the volume of the control marker to produce
the noninvasive molecular control.
25.  The method of Claim 24, where the determining further comprises analyzing the sample

via deoxyribonucleic acid sequencing for the first control marker.
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26. The method of Claim 24, where the determining further comprises analyze the sample via
reverse transcriptase droplet digital polymerase chain reaction.
27.  The method of Claim 24, where the determining further comprises analyzing the sample
via enzyme linked immunosorbent assay.
28. A method of analyzing a sample against a noninvasive molecular control to determine the
presence or absence of a condition of interest, the method comprising:
quantifying a secondary control marker 1in the sample;
quantifying the secondary control marker in the noninvasive molecular control;
determining the presence or absence of the condition of interest, the determining comprising
comparing an indicated percentage of the secondary control marker in the noninvasive molecular
control to a predetermined threshold of the control marker 1n the sample,

wherein the predetermining of the noninvasive molecular control comprises:
predetermining a positive control for the condition of interest;
pre-selecting a first cell line for the positive control that produces extracellular vesicles with a
first control marker for the condition of interest;
amplifying the production of extracellular vesicles from the selected first cell line;
1solating the produced control marker from the selected first cell line;
quantifying the first control marker from the 1solated control marker;
determining a volume of the first control marker for addition to an 1solated control plasma;
1solating the control plasma from a control sample;
treating the 1solated control plasma with a control stabilizer;
determining a volume of the control plasma to add to the volume of the first control marker;

combining the volume of the control plasma with the volume of the first control marker;
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pre-selecting a second cell for the positive control that produces a second extracellular vesicles
with a secondary control marker for the condition of interest
amplifying the production of the second extracellular vesicle from the selected second cell line;
1solating the produced second control marker from the selected second cell line;
quantifying the second control marker from the 1solated second control marker;
determining a volume of the second control marker for addition to the 1solated control plasma;
combining the volume of the secondary control marker with the volume of the control plasma
and the volume of the first control marker; and
producing the noninvasive molecular control.
29.  The method of claim 24, where the determining further comprises analyzing the sample
via deoxyribonucleic acid sequencing for a first control.
30. A noninvasive molecular control comprising:
a first control marker comprising from 10 to 20 percent of the total volume of the noninvasive
molecular control,

wherein the first control marker 1s selected from a group consisting of hypermethylated
ras association domain-containing protein promoter region, centromere of chromosome 21, and
kirston rat sarcoma viral oncogene homolog exon 2 G13D;
a control filler from 10 to 30 percent (weight/volume) of the total volume of the noninvasive
molecular control,

wherein the control filler 1s selected from a group consisting of hypomethylated ras
association domain-containing protein promoter region and wild type kirston rat sarcoma viral

oncogene homolog exon 2 G13D;
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a control stabilizer comprising from 0.1 to 5 percent (weight/volume) of the total volume of the

noninvasive molecular control; and

a control plasma comprising from 30 to 80 percent (weight/volume) of the total volume of the

noninvasive molecular control,

wherein the control plasma 1s a biological fluid.

31. A noninvasive molecular control comprising:

a first control marker comprising from 250 to 750 copies of the control markers per milliliter,
wherein the first control marker 1s placenta-specific 4 messenger ribonucleic acid;

a control plasma comprising from 30 to 80 percent (weight/volume) of the total volume of the

noninvasive molecular control,

wherein the control plasma 1s a biological fluid; and

a control stabilizer selected from the group consisting of 2-bromo-2nitropropane-1 from 0.05-

0.5% weight/volume, 3-diol, aminocaproic acid from 0.1% - 0.5% weight/volume,

imidazolidinyl urea from 0.15% - 0.2% weight/volume, and combinations thereof.

32. A noninvasive molecular control comprising:

a first control marker comprising from 0.15 to 0.5 micrograms per milliliter,

wherein the first control marker 1s metalloprotease protein 12;

a control plasma comprising from 30 to 80 percent (weight/volume) of the total volume of the

noninvasive molecular control,

wherein the control plasma 1s a biological fluid; and

a control stabilizer selected from the group consisting of 2-bromo-2nitropropane-1 from 0.05-

0.5% weight/volume, 3-diol, aminocaproic acid from 0.1% - 0.5% weight/volume,

imidazolidinyl urea from 0.15% - 0.2% weight/volume, and combinations thereof.
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