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Description
FIELD

[0001] The present disclosure relates to the field of detection, in particular to a method for non-invasive prenatal
diagnosis based on exosomal DNA.

BACKGROUND

[0002] The fact that cell-free fetal DNA (cf-fDNA) is present in maternal blood, first proven in 1997, has opened a new
chapter in prenatal genetic diagnosis.

[0003] In recent years, with the discovery of cell-free fetal DNA in maternal blood and the development of high-
throughput sequencing technology, a new non-invasive prenatal screening technology based on sequencing free DNA
in plasma of a pregnant woman has been applied to clinical application, which can detect common chromosome aneu-
ploidies in a fetus in a more accurate and effective way than traditional serological screening method.

[0004] So far, the cf-fDNA has been widely applied in non-invasive prenatal detection, including determination of fetal
sex, autosomal genetic disease (such as [ thalassemia, achondroplasia), RhD blood type, genetic disease (including
aneuploidy such as trisomy 21 syndrome, sex chromosome-linked disease such as X-linked hemophilia and fragile X
syndrome, and the like).

[0005] Current research indicates that the cell-free DNA (cfDNA) in plasma of a pregnant woman is an extracellular
small-fragment DNA which is free in blood circulation of the pregnant woman, mainly originates from apoptotic placental
chorionic cells and enters the maternal blood circulation via penetrating through the placental barrier.

[0006] The biological basis of this non-invasive prenatal detection technique lies in that genomic DNA originating from
the placental trophoblast cells during pregnancy is degraded into a DNA fragment of about 170 bp, which enters the
maternal blood circulation through the maternal-fetal interface and thus can be detected in the peripheral blood, with a
role similar to chorionic villus sampling. However, it is still unclear how the genomic DNA of the placental trophoblast
cell is degraded into DNA fragments, by which mechanism the DNA fragment is released into the maternal circulation,
and whether the degraded DNA fragment exhibits regulatory effect on the pregnancy process. Besides, the total cell-
free DNA in peripheral blood of a pregnant woman is a mixture of maternal-derived and fetal-derived free DNAs, with
the fetal-derived free DNA only accounting for about 10% of the total free DNA on average (even lower in early pregnancy),
despite its contentincreasing with the gestational weeks. At present, the maternal-derived free DNA and the fetal-derived
free DNA cannot be distinguished by most of the high-throughput sequencing methods due to genetic similarity, which
causes great technical difficulty for accurate non-invasive prenatal detection.

[0007] For example, the existing method for detecting chromosomal aneuploidy based on cell-free DNA in plasma
has problems of 1) an unclear source for the cell-free DNA in plasma, and 2) a low concentration of fetal-derived free
DNA in plasma (resulting in the fact that the aneuploidy in the plasma fetal-derived free DNA is undetectable for a sample
in early pregnancy) and a large difference in samples.

[0008] Therefore, there is an urgent need in the art to develop a new method of non-invasive prenatal diagnosis with
high accuracy and sensitivity.

SUMMARY

[0009] Anobjectofthe present disclosure is to provide a method for non-invasive prenatal diagnosis with high accuracy
and sensitivity.
[0010] In a first aspect, provided in embodiments is a method for isolating exosomal DNA, including:

(i) providing a sample, wherein the sample comprises a blood sample from peripheral blood of a pregnant woman;
(i) subjecting the sample to isolating, so as to obtain the exosomal DNA.

[0011] In another preferred embodiment, the exosomal DNA includes fetal-derived DNA.
[0012] In another preferred embodiment, the isolating further includes:

(ii-a) isolating exosomes from the blood sample; and
(ii-b) extracting DNA from the isolated exosomes.

[0013] In a further preferred embodiment, the blood sample is selected from the group consisting of plasma, serum
and a combination thereof.
[0014] In a further preferred embodiment, the blood sample is a pretreated blood sample.
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[0015] In a further preferred embodiment, the blood sample is a supernatant after centrifugation.
[0016] In a still further preferred embodiment, the supernatant is obtained by two steps:

(a) collecting the blood sample with a collection device, wherein the collection device contains an anticoagulant, and
(b) centrifuging the collection device containing the blood sample at high speed to obtain the supernatant.

[0017] Inastill further preferred embodiment, the isolating is conducted by using a magnetic-bead separation method,
an affinity separation method or a combination thereof.

[0018] In a further preferred embodiment, the isolating is conducted by sorting or capturing with a specific antibody
against at least one of the antigens PLAP, CD9, CD63 and CD81.

[0019] In a further preferred embodiment, the magnetic-bead separation method is conducted by isolating with a
magnetic bead conjugated with a CD9 antibody or a PLAPI antibody on the surface.

[0020] In a second aspect, provided in embodiments is a method for detecting a blood sample, including:

(a) performing the method described in the first aspect to obtain exosomal DNA; and
(b) detecting the presence of fetal-derived DNA in the exosomal DNA.

[0021] Inanotherpreferred embodiment, in step (b), the presence of fetal-derived DNA in the exosomal DNA is detected
by at least one technique selected from PCR amplification, sequence-specific probe capturing technology and high-
throughput sequencing technology.

[0022] In afurther preferred embodiment, the detecting includes determining the number and/or sequence information
of fetal-derived Y chromosomes.

[0023] In a still further preferred embodiment, the detecting includes determining the number and/or sequence infor-
mation of fetal-derived X chromosomes.

[0024] In afurther preferred embodiment, the detecting includes determining the number and/or sequence information
of fetal-derived autosomes.

[0025] In a further preferred embodiment, the detecting includes determining the fetal-derived DNA fraction.

[0026] In a third aspect, provided in embodiments is a method for constructing a sequencing library from a blood
sample, including:

(a) performing the method described in the first aspect to obtain exosomal DNA; and
(b) constructing a sequencing library for the exosomal DNA to obtain an exosomal DNA sequencing library.

[0027] In a fourth aspect, provided in embodiments is a method for high-throughput sequencing an exosomal DNA
sequencing library, including:

(a) performing the method described in the third aspect to obtain the exosomal DNA sequencing library; and
(b) subjecting the exosomal DNA sequencing library to high-throughput sequencing to obtain information of the
exosomal DNA.

[0028] In a fifth aspect, provided in embodiments is a method for non-invasive prenatal gene detection, including:

(a) performing the method described in the first aspect to obtain exosomal DNA;
(b) detecting the presence of fetal-derived DNA in the exosomal DNA; and
(c) generating a gene detection result based on information obtained in (b).

[0029] In a sixth aspect, provided in embodiments is a method for non-invasive prenatal gene detection, including:

(a) performing the method described in the fourth aspect to obtain information of exosomal DNA; and
(b) generating a gene detection result based on the information obtained in (a),

wherein the exosomal DNA includes fetal-derived DNA.

[0030] In another preferred embodiment, the gene detection includes: determination of fetal-derived DNA fraction,
determination of fetal sex, detection of autosomal genetic disease, detection of sex chromosome-linked disease, deter-
mination of RhD blood type or detection of chromosome aneuploidy.

[0031] In a further preferred embodiment, the detection of chromosomal aneuploidy includes detection of trisomy 21,
trisomy 18 or trisomy 13.

[0032] In a still further preferred embodiment, the method in any aspect described above is non-diagnostic and non-
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therapeutic.
[0033] In a seventh aspect, provided in embodiments is a device for non-invasive prenatal gene detection, including:

an isolation device, configured to perform the method describe in the first aspect so as to obtain exosomal DNA,;
a detection device, connected to the isolation device and configured to detect the presence of fetal-derived DNA in
the exosomal DNA; and

an output device, connected to the detection device and configured to generate a gene detection result based on
information obtained by the detection device.

[0034] In an eighth aspect, provided in embodiments is a kit for detecting a blood sample, including:

(a) a capture agent for capturing exosomes, configured to capture exosomes in a blood sample from peripheral
blood of a pregnant woman, wherein the exosomes include fetal-derived exosomal DNA;

(b) an extractant for extracting DNA from the exosomes captured in (a); and

(c)aninstruction for use, configured to indicate the isolation of exosomal DNA in the blood sample from the peripheral
blood of the pregnant woman and the detection of the isolated exosomal DNA.

[0035] In another preferred embodiment, the capture agent includes: (a) a specific antibody against at least one of
the antigens PLAP, CD9, CD63 and CD81; or (b) a magnetic bead conjugated with the antibody.

[0036] In a ninth aspect, provided in embodiments is use of the kit described in the eighth aspect in preparing a kit for
non-invasive prenatal diagnosis.

[0037] In another preferred embodiment, the prenatal diagnosis includes: determination of fetal sex, detection of
autosomal genetic disease, detection of sex chromosome-linked disease, determination of RhD blood type, or detection
of chromosome aneuploidy.

[0038] In a further preferred embodiment, the detection of chromosomal aneuploidy includes detection of trisomy 21,
trisomy 18 or trisomy 13.

[0039] It should be understood, regarding the scope of the present disclosure, various technical features of the present
disclosure described as above and various technical features specifically described as below (like in embodiments) may
be combined with each other to constitute a new and preferred technical solution, which will not be repeated due to
limited space.

BRIEF DESCRIPTION OF THE DRAWINGS
[0040]

Figure 1 is a schematic diagram showing mixing by rotation.

Figure 2 is a schematic diagram showing Western Blot results, in which Lanes 1 and 2 are Western Blot results of
total plasma exosomes isolated with ExoQuick Exosome Precipitation Solution and a PLAP antibody; and Lanes 3
and 4 are respectively a Western Blot result of total plasma exosomes and a CD9 magnetic bead or a PLAP magnetic
bead.

DETAILED DESCRIPTION

[0041] The present disclosure is provided by the present inventors based on the findings: the present inventors after
extensive and intensive researches, have unexpectedly discovered for the first time that exosomes in plasma of a
pregnant woman during pregnancy comprise DNA fragments and that such exosomal DNA contains quite rich fetal-
derived DNA, thus suggesting that accurate and specific information useful in prenatal diagnosis can be provided through
isolating or enriching the fetal-derived DNA or total exosomal DNA containing the fetal-derived DNA. Specifically, de-
termination of fetal-derived DNA fraction, fetal sex, autosomal genetic disease, sex chromosome-linked disease, RhD
blood type and chromosomal aneuploidy can be provided accurately via high-throughput sequencing the fetal-derived
DNA present in the total exosomes during pregnancy, and whole genomic sequence information can be further provided.

Exosome

[0042] As used herein, the term "exosome" or "exosomes" are small vesicles with a diameter of about 40 to 120 nm
and a density of about 1.13 to 1.19 g/ml secreted by late endosomes in living cells, which contain endosomal protein
markers (such as TSG101, CD9, CD63, CD81 and the like) on the surface of lipid membrane. The exosomes are
commonly present in body fluid and can be found in blood, urine, amniotic fluid and malignant tumor-caused ascites.
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[0043] The change of exosome content during pregnancy is related to gestational weeks, and the exosome content
in peripheral blood of a normal pregnant woman during pregnancy is significantly increased by about 20 to 50 times
compared with a non-pregnant woman, with increase of the exosome content with the gestational weeks. The fetal-
derived exosomes in peripheral blood of a pregnant woman are detectable in gestational weeks 5 to 6 through quanti-
fication of PLAP on the surface of the fetal-derived exosomes, and its content increases rapidly with the gestational
weeks, suggesting an increased release of placental-specific exosomes into maternal circulation with maturation of the
placenta and active maternal-fetal exchange. Currently, exosomes containing fetal-derived DNA have not been found
by scientific researchers.

[0044] The presentdisclosure is provided by the presentinventors based on the findings: some exosomes are released
by human placental trophoblast cells and enter the maternal circulation during pregnancy, and parts of the exosomes
contain fetal-derived DNA which is useful in prenatal diagnosis of the fetus, for example as a molecular marker for
chromosomal abnormality. It is indicated by the research of the present disclosure that fetal-derived DNA contained in
exosomes during pregnancy can be used for detection of DNA which covers the whole genome.

[0045] Due to the similarity of fetal-derived DNA contained in exosomes and cell-free DNA (cfDNA) in plasma, the
fetal-derived DNA contained in exosomes can be used as a marker for fetal DNA molecules which is similar with the
plasma cfDNA. Further, the placental-specific exosome may become a new candidate molecule for studying disease
occurrence, development, early prediction, pathological classification, prognosis and therapeutic target during pregnan-
cy, demonstrating a favorable application prospect.

[0046] In a specific embodiment of the present disclosure, it has been found for the first time that fetal sex and
chromosomal euploidy can be accurately determined by high-throughput sequencing fetal-derived DNA which is present
in exosomes during pregnancy. In one typical method, exosomes are isolated by combination of SBI Exoquick with
CD9/PLAP immunomagnetic beads (ThermoFisher), the exosomal DNA is extracted for high-throughput sequencing,
so as to detect fetal sex and aneuploidy (such as trisomy 21), in which the exosomal DNA contains plenty of fetal-derived
DNAs.

Capture agent or sorting agent

[0047] As used herein, the terms "capture agent" and "sorting agent" are used interchangeably and refer to agents
that can capture, enrich or sort exosomes from a blood sample or a body fluid sample.

[0048] A typical capture agent includes: (a) a specific antibody against at least one of the antigens PLAP, CD9, CD63
and CD81; or (b) magnetic beads conjugated with the antibody. For example, Exoquick solution and/orimmunomagnetic
beads capable of specifically recognizing CD9 and/or placental alkaline phosphatase (i.e. PLAP) can be employed.
[0049] Theimmunomagnetic beads are spherical magnetic particles which are conjugated with monoclonal antibodies
on their surfaces, and specifically capture total exosomes or fetal-derived exosomes in plasma through the interaction
between the monoclonal antibody and antigens (such as CD9, CD63, CD81 and PLAP) located on the surfaces of
exosomes.

[0050] Total exosomes can be isolated by methods including a precipitation and centrifugation method (SBI company),
and immunomagnetic beads separation (Thermo Fisher company), which can be combined together with the advantages
of obtaining a great number of exosomes by using the reagent from SBI, and overcoming the deficiency of low purity
(for the exosomes obtained by SBI company) through the immunomagnetic beads separation.

[0051] Afterisolation, the exosomal DNA is extracted for routine library construction and high-throughput sequencing.
The fetal sex and fetal-derived DNA fraction are determined according to the number and/or sequences information of
Y chromosomes. The detection of RhD blood type, autosomal genetic disease, sex chromosome-linked disease and
chromosome aneuploidy was conducted by statistical analysis according to the sequences information of each chromo-
some.

[0052] It should be noted that the total exosomal DNA extracted from peripheral blood of a pregnant woman includes
both maternal-derived DNA and fetal-derived DNA. "Fetal-derived DNA fraction" as used herein refers to the ratio of the
number of fetal-derived DNA molecules to the number of total exosomal DNA molecules.

Mechanism

[0053] In order to understand the present disclosure easily, the mechanism is provided as below for reference. It
should be appreciated that the protection scope of the present disclosure is not limited by the mechanism.

[0054] The present inventors propose a scientific mechanism and explanation as below. Exosomes released from
placental trophoblast cells are found to be present in maternal blood during pregnancy, which contain cell-free fetal DNA
and this is more suitable as a molecular marker for detection of fetal chromosomal abnormality through high-throughput
sequencing compared to plasma cell-free DNA derived from both mother and fetus.

[0055] Specifically, maternal-derived and fetal-derived exosomes are present in maternal blood during pregnancy,



10

15

20

25

30

35

40

45

50

55

EP 3 575 399 A1

while exosomes derived from lymphocytes can be extracted from peripheral blood of a non-pregnant woman by chro-
matographic analysis and immunoadsorption. Further, not only maternal-derived exosomes but also fetal-derived exo-
somes have been detected in peripheral blood of a pregnant woman through quantifying with a placental-specific PLAP
antibody. Thus, it has been demonstrated that the exosomes present in maternal blood during pregnancy are derived
from both mother and fetus, which is similar to the plasma cell-free DNA derived from both mother and fetus in a pregnant
woman.

[0056] It has been proved by in vitro and in vivo experiments that the fetal-derived exosomes in maternal blood are
mainly generated in placental trophoblast cells and then released into maternal blood. In the placental trophoblast cells,
primary endosomes develop into mature endosomes through invagination of cellmembranes, subsequently some mature
endosomes enter lysosomes but some endosomes form exosomes along with plenty of signal molecules (such as
miRNA, protein and the like) via encapsulation which are subsequently released into the extracellular matrix through
membrane fusion and then into maternal blood.

[0057] Despite unclear biosynthesis, transportation, inclusion encapsulation and efficacy of exosome, it is suggested
by the present findings that fetal-derived exosomes can be involved in regulation of some important processes during
pregnancy, such as immune tolerance, maternal-fetal interface remodeling, inflammatory response and the like by
actively phagocytizing tissue-specific inclusions and releasing them into the maternal circulation. In addition, the exo-
somes have a stable bilayer lipid membrane, which seems to be more helpful in maintaining the stability of fetal-derived
DNA.

Method for detecting fetal DNA based on exosome in peripheral blood of a pregnant woman

[0058] The present disclosure provides a method for detecting fetal DNA based on exosomes in peripheral blood of
a pregnant woman, where the method may be diagnostic and may be non-diagnostic.
[0059] Typically, the method of the present disclosure includes the steps of:

(a) providing a blood sample, wherein the blood sample is selected from blood, plasma, serum and a combination
thereof from peripheral blood of a pregnant woman;

(b) isolating exosomes from the blood sample, wherein the exosomes include fetal-derived exosomes;

(c) extracting DNA from the isolated exosomes, wherein the DNA extracted contains fetal-derived DNA; and

(d) detecting the DNA extracted in step (c) by performing such as PCR amplification or sequencing, so as to obtain
a corresponding analysis result or detection result.

[0060] Inthe method of the presentdisclosure, peripheral blood of a pregnantwoman can be collected by a conventional
method, and then plasma or serum in the peripheral blood is separated. For example, the peripheral blood (e.g., in a
volume of about 2 to 20 ml, more preferably 3 to 10 ml) is collected by using a commercially available Streck tube.
Plasma or serum can be separated by using a two-step method.

[0061] Fromthe separated plasma or serum, the total exosomes can be isolated by centrifugation or the like. Preferably,
the exosomes which contain fetal-derived DNA, among the total exosomes obtained, may be further enriched or captured,
for example, with magnetic beads conjugated with CD9/PLAP antibody through the magnetic-beads separation method.
[0062] From the isolated total exosomes or fetal-derived exosomes, DNA in the exosomes may be extracted, thus
fetal-derived DNA can be detected. For example, firstly the fetal-derived DNA can be subjected to high-throughput
sequencing library construction, followed by sequencing and analyzing, so as to detect fetal sex, Rh blood type, chro-
mosome aneuploidy, genetic abnormality and the like.

[0063] In another preferred embodiment, a typical method of the present disclosure includes steps as below.

[0064] Step 1: Plasma exosomes are isolated from a blood sample with known methods or reagents, such as the
commercially available SBI quick reagent from SBI Company.

[0065] Step 2: Fetal-derived plasma exosomes are enriched or captured from the plasma exosomes obtained in step
1. For example, after dissolving in a PBS buffer, the exosome precipitate generated in step 1 is captured or enriched
with CD9/PLAP immunomagnetic beads, followed by incubating at a temperature (e.g., 4 to 8°C) for a time period (e.g.,
2 to 24 hours, or overnight), thus obtaining a magnetic bead-exosome binary complex. The CD9/PLAP immunomagnetic
beads can be prepared by conventional methods or are commercially available (forexample, CD9/PLAP immunomagnetic
beads purchased from Thermo Fisher).

[0066] Step 3: DNA is extracted from the magnetic bead-exosome binary complex obtained in step 2, followed by
library construction (with increased PCR cycles) and/or sequencing, so as to obtain sequencing data.

[0067] Step 4: The sequencing data is subjected to information analysis, thus obtaining corresponding analysis results,
including for example the fetal-derived DNA fraction, fetal sex, RhD blood type, presence or absence of chromosomal
aneuploidy, autosomal genetic disease and sex chromosome-linked disease and the like for the sample to be detected.
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The present disclosure mainly includes the following advantages.
[0068]

(a) The present disclosure provides a method for non-invasive prenatal diagnosis, which is more accurate and
specific than the existing methods.

(b) The method of the present disclosure is based on exosomal DNA in plasma of a pregnant woman, with a definite
source and more stable quality.

(c) The method of the present disclosure can be combined with other detection techniques in a more convenient
way, such that for example the RNA, protein, metabolic product and the like which are readily degraded in plasma
can be simultaneously detected.

[0069] The presentdisclosure is further illustrated as below in combination with specific examples. Itis to be understood
that the examples are not intended to limit the scope of the disclosure. Experimental methods in the examples in which
the specific conditions are not indicated are generally conducted in accordance with conventional conditions, for example,
the conditions described in Sambrook et al. (Molecular Cloning: Laboratory Manual, New York: Cold Spring Harbor
Laboratory Press, 1989) or in accordance with the conditions instructed by a manufacturer. Percentage and parts are
by weight unless otherwise stated.

Example 1: Fetal sex determination and chromosome aneuploidy detection based on plasma exosomes in a
pregnant woman

1.1 Plasma separation with a two-step method
1.1.1 Streck Cell-Free DNABCT sampling

[0070] 10 ml peripheral blood from a pregnant woman or a normal person was sampled according to a standard
peripheral blood collection operation, after which the blood collection tube was immediately rotated slowly 10 times to
mix the blood sample with a component in the tube (refer to Figure 1) and the blood collection tube stood upright in a
tube holder at room temperature (6-35°C). Note that delaying the time for rotation may result in failure of detection.

1.1.2. Plasma separation
[0071]

1.1.2.1 The blood collection tube containing the blood sample was centrifuged at 1600 g and 4°C for 10 minutes,
and the supernatant obtained was dispensed into multiple centrifuge tubes of 2.0 ml on ice.

1.1.2.2 The centrifuge tubes were centrifuged at 16000 g and 4°C for 10 minutes, and the supernatant obtained
(i.e. plasma) was transferred into new numbered centrifuge tubes of 2.0 ml on ice, with 600 w1 plasma per tube.
1.1.2.3 The plasma samples obtained were immediately stored at a low temperature, with storage in a refrigerator
at -20°C for use within one week and storage in a refrigerator at -80°C for a long-term period.

1.2 Isolation of total exosomes containing fetal-derived exosomes

[0072] Samples were plasma samples derived from 2 normal males, 2 pregnant women with a normal male fetus, 2
pregnant women with a normal female fetus, 4 pregnant women with a fetus suffering from trisomy 21 (two male fetuses
and two female fetuses respectively) and 2 pregnant women with a fetus suffering from trisomy 18 (one male fetus and
one female fetus) which were obtained by the step of plasma separation in 1.1.2, in which the information on fetal sex
and chromosomal aneuploidy of the plasma samples had been acquired by existing detection techniques.

1.2.1 Separation of plasma exosomes with ExoQuick Exosome Precipitation Solution reagent from SBI System Bio-
sciences

[0073]
1.2.1.1 63 pl of ExoQuick Exosome Precipitation Solution reagent was added into 250 pl of plasma sample, with

pipetting up and down for fully mixing, and placed in an ice bath for 30 minutes.
1.2.1.2 The plasma sample was centrifuged at 15009 for 30 minutes, followed by removing the supernatant (named
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as SBI supernatant).

1.2.1.3 The precipitate obtained in step 1.2.1.2 was centrifuged at 1500g for 5 minutes, and the trace of supernatant
was carefully removed.

1.2.1.4 The precipitate obtained in step 2.1.3 was dissolved in 100 pl of PBS buffer at 37°C.

1.2.2 Separation of exosomes with Exosome-Human CD9 magnetic beads from Thermo Fisher

[0074]

1.2.2.1 The magnetic beads conjugated with CD9 antibody were shaken for 30 seconds to fully mix.

1.2.2.2 500 pl of a separation buffer (containing PBS and 0.1% BSA) was added into 40 pl magnetic beads, with
pipetting up and down for mixing, followed by centrifuging at 3000g for 5 seconds and placing onto a magnetic
separator for 2 minutes, and the supernatant removed.

1.2.2.3 100 pl of PBS buffer containing exosomes obtained in step 1.2.1.4 was added into the magnetic beads in
step 1.2.2.2, with pipetting up and down for mixing, and incubated in a rotary shaker at 4°C overnight (i.e. 18 to 22
hours).

1.2.2.4 After centrifugation of the mixture of magnetic beads and exosomes obtained in step 1.2.2.3 for 5 seconds,
500 pl of the separation buffer was added and the mixture was stood on the magnetic separator for 2 minutes and
the supernatant removed.

1.2.2.5 Another 500 pl of the separation buffer was added and the mixture was stood on the magnetic separator
for 2 minutes and the supernatant removed.

1.3 Total exosomal DNA extraction, library construction and high-throughput sequencing

[0075]

1.3.1 Exosomal DNA extraction

Exosomal DNA was extracted by using the Magen MagPure Circulating DNA Mini KF Kit.

1.3.2 The exosomal DNA extracted was subjected to library construction and high-throughput sequencing in ac-
cordance with methods in a patent application (application name: Method of constructing a sequencing library based
on a blood sample and use for determining fetal genetic abnormality; and publication No.: CN105400864 A). All the
steps and parameters were the same as those in the patent application except for 19 PCR cycles for library con-
struction.

1.3.3 Sequencing data analysis, fetal sex determination and chromosome aneuploidy detection were conducted in
accordance with methods in a patent application (application name: Non-invasive detection of fetal genetic abnor-
mality; and publication No.: CN103403183 B).

[0076] Table 1 shows the detection results, which indicate correct detection of fetal sex for all samples, correct detection
of trisomy 21 for 4 samples and correct detection of trisomy 18 for 2 samples. The results obtained are identical to the
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information of corresponding plasma samples which had been acquired by existing detection techniques.

Table 1
Sample | Sequencing | Effective | Unique mapping Repetition Fetal Chr13 chr18 chr21

No. data (M) data (M) rate rate sex

1-1 6.36 4.48 0.72 0.03 XY normal | normal T21
1--2 8.29 4.85 0.71 0.22 XY normal | normal T21
1--3 14.42 6.70 0.62 0.27 XY normal | normal T21
2--1 6.89 4.91 0.72 0.01 XY normal | normal T21
2--2 9.00 6.05 0.71 0.08 XY normal | normal T21
2--3 13.74 6.31 0.66 0.33 XY normal | normal T21
3--1 6.80 4.97 0.74 0.01 XX normal | normal T21
3--2 6.34 4.25 0.71 0.07 XX normal | normal T21
3--3 14.75 9.45 0.69 0.10 XX normal | normal T21
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(continued)

Sample | Sequencing | Effective | Unique mapping Repetition Fetal Chr13 chr18 chr21

No. data (M) data (M) rate rate sex

4-1 10.11 7.29 0.73 0.01 XX normal | normal T21

4--2 9.22 5.91 0.71 0.13 XX normal | normal T21

4--3 17.13 9.76 0.67 0.19 XX normal | normal T21

5--1 5.72 4.08 0.72 0.02 XX normal T18 normal
5--2 9.22 6.30 0.72 0.06 XX normal T18 normal
5--3 11.49 5.51 0.67 0.32 XX normal T18 normal
6--1 6.79 4.86 0.72 0.01 XY normal T18 normal
6--2 8.58 5.97 0.71 0.03 XY normal T18 normal
6--3 14.80 7.83 0.69 0.28 XY normal T18 normal
7-1 8.16 5.86 0.73 0.01 XY normal | normal | normal
7--2 12.96 8.99 0.71 0.03 XY normal | normal | normal
7--3 12.90 7.00 0.67 0.22 XY normal | normal | normal
8--1 7.63 5.38 0.71 0.01 XY normal | normal | normal
8--2 6.40 4.38 0.71 0.04 XY normal | normal | normal
8--3 10.80 6.31 0.71 0.22 XY normal | normal | normal
9--1 5.89 4.09 0.72 0.06 XX normal | normal | normal
9--2 8.45 5.38 0.70 0.13 XX normal | normal | normal
9--3 13.47 7.50 0.70 0.26 XX normal | normal | normal
10--1 5.30 3.75 0.71 0.01 XX normal | normal | normal
10--2 7.83 5.41 0.71 0.04 XX normal | normal | normal
10--3 19.15 11.82 0.71 0.17 XX normal | normal | normal
11--3 12.81 6.12 0.67 0.32 XY normal | normal | normal
12--3 8.96 2.88 0.48 0.26 XY normal | normal | normal

Note 1: Foreach sample, number -1 means plasma; number -2 means SBl supernatant (i.e. a mixture of all components
in plasma except for exosomes); number -3 means exosomal DNA;
Note 2: samples with Nos. 1-4 mean trisomy 21 samples; samples with Nos. 5-6 mean trisomy 18 samples; samples
with Nos. 7-8 mean normal male-fetus samples; samples with Nos. 9-10 mean normal female-fetus samples; and

samples with Nos. 11-12 mean normal male samples.

Example 2: Fetal sex determination based on plasma exosomes in a pregnant woman

2.1 Plasma separation with a two-step method

[0077] The plasma was separated by the method in 1.1.

2.2 Isolation of fetal-derived exosomes

[0078] The fetal-derived exosomes in plasma were isolated by the steps in 1.1.2 except that the magnetic beads
conjugated with CD9 antibody were replaced with magnetic beads conjugated with PLAP antibody.
[0079] 2.3 The fetal-derived exosomal DNA extraction, library construction and high-throughput sequencing were
conducted according to the methods in 1.3.
[0080] Table 2 shows the detection results, which indicate correct detection of fetal sex for all samples, with results
identical to those detected with plasma cell-free DNA (cfDNA) by the existing method for fetal sex determination.
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Table 2
Sample No. | sequencing data (M) | Effective data (M) | Unique mapping rate | Repetition rate | Fetal sex
PLAP-1 58.3 243 0.62 0.13 XY
PLAP-2 327 14.7 0.58 0.07 XY
PLAP-3 15.0 2.75 0.41 0.38 XY
PLAP-4 7.99 1.22 0.42 0.49 XY
PLAP-5 11.3 2.22 0.53 0.48 XY
PLAP-6 16.1 417 0.55 0.35 XY
PLAP-7 18.8 5.12 0.56 0.33 XY

[0081] Note: PLAP-1 and -2 are samples conducted in a first batch; PLAP-3, -4, -5, -6 and -7 are samples conducted
in a second batch.

Example 3: Assay of fetal-derived exosomes with Western Blot analysis

[0082] The total plasma exosomes isolated with ExoQuick Exosome Precipitation Solution in Example 1 and the
exosomes isolated with CD9/PLAP magnetic beads were assayed with the Western Blot method, with results shown in
Figure 2.

[0083] Figure 2 shows the results, which indicate the total plasma exosomes isolated with the ExoQuick Exosome
Precipitation Solution and the exosomes isolated with CD9/PLAP magnetic beads both contain plenty of PLAP proteins,
suggesting successful isolation of fetal-derived exosomes.

Other exosomes separation methods
[0084] Apart from the polymer precipitation (i.e. SBI Exoquick) and CD9/PLAP immunomagnetic beads employed for
the present disclosure, exosomes can be isolated by using other methods, such as ultracentrifugation, density gradient
centrifugation and the like. All the methods described above are capable of potentially isolating exosomes and the DNA
extracted from the exosomes obtained can be subjected to high-throughput sequencing.
[0085] All the documents cited in the present disclosure are incorporated herein in their entireties by reference, as if
each document is cited separately as a reference. In addition, it should be appreciated that the skilled in the art can
make various modifications and changes after reading the teachings of the present disclosure, and such equivalent form
also falls into the scope of the present appended claims.
Claims
1. A method for isolating exosomal DNA, comprising:
(i) providing a sample, wherein the sample comprises a blood sample from peripheral blood of a pregnant
woman; and
(i) subjecting the sample to isolating, so as to obtain the exosomal DNA.
2. The method according to claim 1, wherein the exosomal DNA comprises fetal-derived DNA.

3. The method according to claim 1, wherein the isolating further comprises:

(ii-a) isolating exosomes from the blood sample; and
(ii-b) extracting DNA from the isolated exosomes.

4. The method according to claim 1, wherein the blood sample is selected from the group consisting of plasma, serum
and a combination thereof.

5. The method according to claim 1, wherein the blood sample is a pretreated blood sample.
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The method according to claim 5, wherein the blood sample is a supernatant after centrifugation.
The method according to claim 6, wherein the supernatant is obtained by two steps:
(a) collecting the blood sample with a collection device, wherein the collection device contains an anticoagulant,
and

(b) centrifuging the collection device containing the blood sample at high speed to obtain the supernatant.

The method according to claim 1, wherein the isolating is conducted by using a magnetic-bead separation method,
an affinity separation method or a combination thereof.

The method according to claim 1, wherein the isolating is conducted by sorting or capturing with a specific antibody
against at least one of the antigens PLAP, CD9, CD63 and CD81.

The method according to claim 8, wherein the magnetic-bead separation method is conducted by isolating with a
magnetic bead conjugated with a CD9 antibody or a PLAPI antibody on the surface.

A method for detecting a blood sample, comprising:

(a) performing the method according to any one of claims 1 to 10 to obtain exosomal DNA; and
(b) detecting the presence of fetal-derived DNA in the exosomal DNA.

The method according to claim 11, wherein in (b), the presence of fetal-derived DNA in the exosomal DNA is detected
by at least one technique selected from PCR amplification, sequence-specific probe capturing technology and high-
throughput sequencing technology.

The method according to claim 11, wherein the detecting comprises determining the number and/or sequence
information of fetal-derived Y chromosomes;

optionally, the detecting comprises determining the number and/or sequence information of fetal-derived X chro-
mosomes;

optionally, the detecting comprises determining the number and/or sequence information of fetal-derived autosomes.
The method according to claim 11, wherein the detecting comprises determining the fetal-derived DNA fraction.

A method for constructing a sequencing library from a blood sample, comprising:

(a) performing the method according to any one of claims 1 to 10 to obtain exosomal DNA; and
(b) constructing a sequencing library for the exosomal DNA to obtain an exosomal DNA sequencing library.

A method for high-throughput sequencing an exosomal DNA sequencing library, comprising:
(a) performing the method according to claim 15 to obtain the exosomal DNA sequencing library; and
(b) subjecting the exosomal DNA sequencing library to high-throughput sequencing to obtain information of the
exosomal DNA.
A method for non-invasive prenatal gene detection, comprising:
(a) performing the method according to any one of claims 1 to 10 to obtain exosomal DNA,;
(b) detecting the presence of fetal-derived DNA in the exosomal DNA; and
(c) generating a gene detection result based on information obtained in (b).
A method for non-invasive prenatal gene detection, comprising:
(a) performing the method according to claim 16 to obtain information of exosomal DNA; and
(b) generating a gene detection result based on the information obtained in (a); wherein the exosomal DNA

comprises fetal-derived DNA.

The method according to claim 17 or 18, wherein the gene detection comprises: determination of fetal-derived DNA

1"
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fraction, determination of fetal sex, detection of autosomal genetic disease, detection of sex chromosome-linked
disease, determination of RhD blood type or detection of chromosome aneuploidy.

The method according to claim 19, wherein the detection of chromosomal aneuploidy comprises detection of trisomy
21, trisomy 18 or trisomy 13.

A device for non-invasive prenatal gene detection, comprising:

an isolation device, configured to perform the method according to any one of claims 1 to 10 so as to obtain
exosomal DNA;

a detection device, connected to the isolation device and configured to detect the presence of fetal-derived
DNA in the exosomal DNA; and

an output device, connected to the detection device and configured to generate a gene detection result based
on information obtained by the detection device.

A kit for detecting a blood sample, comprising:
(a) a capture agent for capturing exosomes, configured to capture exosomes in a blood sample from peripheral
blood of a pregnant woman, wherein the exosomes comprise fetal-derived exosomal DNA,;
(b) an extractant for extracting DNA from the exosomes captured in (a); and
(c) an instruction for use, configured to indicate the isolation of exosomal DNA in the blood sample from the
peripheral blood of the pregnant woman and the detection of the exosomal DNA isolated.

The kit according to claim 22, wherein the capture agent comprises:

(a) a specific antibody against at least one of the antigens PLAP, CD9, CD63 and CD81; or
(b) a magnetic bead conjugated with the antibody.

Use of the kit according to claim 22 or 23 in preparing a kit for non-invasive prenatal diagnosis.
The use according to claim 24, wherein the prenatal diagnosis comprises: determination of fetal sex, detection of
autosomal genetic disease, detection of sex chromosome-linked disease, determination of RhD blood type, or

detection of chromosome aneuploidy.

The use according to claim 25, wherein the detection of chromosomal aneuploidy comprises detection of trisomy
21, trisomy 18 or trisomy 13.
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