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(57) ABSTRACT

The present application relates to a composition comprising
extracellular membrane vesicles derived from indoor air. In
addition, the present application provides a method for diag-
nosing, preventing and/or treating an inflammatory respira-
tory disease, lung cancer and the like using the extracellular
membrane vesicles. In detail, the present application involves
injecting extracellular membrane vesicles present in indoor
air into an animal in order to prepare an animal respiratory
disease model, and enables the search and/or discovery of
drug candidates for preventing or treating respiratory diseases
using the animal model. The present application provides a
vaccine for preventing and/or treating respiratory diseases, to
a method for diagnosing substances causing respiratory dis-
eases, and to a method for inhibiting the activities of extra-
cellular membrane vesicles in indoor air or removing the
extracellular membrane vesicles from indoor air so as to
prevent the occurrence and exacerbation of respiratory dis-
eases.
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COMPOSITION COMPRISING
EXTRACELLULAR MEMBRANE VESICLES
DERIVED FROM INDOOR AIR, AND USE
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a composition com-
prising extracellular membrane vesicles derived from indoor
air, and a method for the diagnosis, prophylaxis and/or
therapy of inflammatory respiratory diseases, using the same.

BACKGROUND ART

[0002] Indoor air quality is a term which refers to the air
quality within and around buildings and structures, especially
as it relates to the health and comfort of building occupants.
Indoor air quality can be affected by gases, particulates, bio-
logical contaminants, bacteria or any mass or energy stressor
that can induce adverse health conditions. Representatives
among the gases are volatile organic chemicals (VOC)
including benzene, formaldehyde, pentachlorobenzene, tolu-
ene, xylene and styrene, and radon. Biological contaminants
of'indoor air may include bacteria, mould, viruses, house dust
mites, cockroaches, cat dandruff, saliva, and pollen. Particu-
larly, floating micron or sub-micron sized secretions from
house dust mites, mould, pet, cockroaches, and bacteria,
when inhaled, induce an immune response, resulting in the
onset of inflammatory respiratory diseases.

[0003] Various kinds of bacteria and mould are found in
indoor air and these inhabit the skin, the gastrointestinal tract
and respiratory tract of many different organisms such as
humans, pets, house dust mites and cockroaches and live or
are introduced from inside or around buildings and structures.
[0004] Examples ofthe bacteria that are found in indoor air
include Bacillus sp., Staphylococcus aureus, Staphylococcus
epidermidis, Staphylococcus hominis, Pseudomonas stutzeri,
Pseudomonas luteola, Streptomycetes, Corynebacteriaceae,
and Escherichia coli.

[0005] These various bacterial air pollutants and their
endotoxins (lipopolysaccharide, LPS) or peptidoglycans are
known to induce the production of inflammatory cytokines
from immune cells and lung epithelial cells.

[0006] Meanwhile, Gram-negative bacteria constitutively
secrete outer membrane vesicles into the extracellular milieu.
Extracellular vesicles secreted from Gram-negative bacteria
are spherical with a size of 20-200 nm and consist of phos-
pholipid bilayers. Gram-negative bacterial extracellular
vesicles have LPS as well as various outer membrane proteins
that can regulate inflammatory responses in host cells.
Recently, the present inventors have reported that Gram-posi-
tive bacteria also secrete extracellular vesicles and that the
extracellular vesicles contain proteins capable of inducing
inflammation as analyzed by proteomic analysis.

[0007] Inflammatory respiratory diseases may be largely
classified by the organ or tissue involved, for example, as
upper respiratory tract infections, such as rhinitis and sinusi-
tis, lower respiratory tract infections, such as asthma and
bronchitis, small air way diseases such as bronchiolitis, and
lung parenchymal diseases such as emphysema and pneumo-
nia. From the view of clinical obstruction of the airway,
respiratory diseases may be classified as asthma character-
ized by reversible obstruction and chronic obstructive pulmo-
nary disease (COPD) characterized by irreversible obstruc-
tion. Chronic obstructive pulmonary disease is the
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co-occurrence of chronic obstructive bronchitis or chronic
obstructive bronchiolitis and emphysema. A lot about allergic
asthma is associated with sensitivity to indoor proteins (aller-
gens), and so a lot of attention has focused on the increased
exposure to these allergens as being the primary cause of the
rise in asthma cases. Irritants such as those from smoking are
associated with a greater risk of chronic obstructive pulmo-
nary disease.

[0008] The importance of inflammation in the onset of
asthma and chronic obstructive pulmonary disease have been
previously reported, but inflammation patterns differ therebe-
tween. Eosinophilic inflammation is a pathogenic correlate of
asthma while non-eosinophilic or neutrophilic inflammation
is responsible for chronic obstructive pulmonary disease.
Rather, neutrophils accumulate in the airways in patients with
asthma who have more severe airflow obstruction, where an
excess of eosinophils may also be present. In addition, neu-
trophils are prominent in airway secretions during acute
asthma, especially irreversible asthma exacerbations. Fur-
ther, the etiology of chronic inflammation in the lung may be
accounted for by the immune dysfunction generated in the
trachea and the lung paranchyma. The present inventors pre-
viously reported that eosinophilic inflammation is associated
with Th2 immune responses while neutrophilic inflammation
is associated with Th1l and Th17 immune responses. It has
long been suggested that inflammation may develop into can-
cer. Recent reports showed that Thl7-mediated immune
responses to a toxin derived from gut flora are associated with
the onset of colorectal cancer. Helicobacter pylori, playing an
important role in the natural stomach ecology, is known to
cause not only chronic gastritis but also stomach cancer. Ithas
been postulated that the same factor may be responsible for
the etiology of both chronic obstructive pulmonary disease
and lung cancer, which is supported by recent clinical studies
that have showed that chronic obstructive pulmonary disease
itself is an important risk factor for lung cancer, irrespective
of smoking.

DISCLOSURE
Technical Problem

[0009] Leading to the present invention, intensive and thor-
ough research into the etiology of respiratory diseases, con-
ducted by the present inventors, resulted in the finding that
extracellular vesicles derived from various microbes and
organisms exist in indoor air and when inhaled into mammals,
cause inflammatory respiratory diseases.

[0010] Tt is an object of the present invention to provide a
composition comprising extracellular vesicles found in
indoor air, as well as a method for the diagnosis, prophylaxis
and/or therapy of inflammatory respiratory diseases, using
the extracellular vesicles.

[0011] In detail, the present invention addresses an animal
model of respiratory disease established by administering to
the animal the extracellular vesicles present in indoor air, and
a method for screening drug candidates preventive or thera-
peutic of a respiratory disease using the animal model. Also,
the present invention provides a vaccine for the prophylaxis
or therapy of respiratory diseases, a method for diagnosing
pathogenic factors of a respiratory disease, a method for
preventing the generation and exacerbation of respiratory
diseases by inhibiting the activity of extracellular vesicles or
removing extracellular vesicles from indoor air, and a method
for determining indoor air quality associated with the pathol-
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ogy of respiratory diseases by measuring the concentration of
extracellular vesicles in indoor air.

[0012] The objects of the present invention are not limited
to those mentioned above, and other objects, advantages and
features of the present invention should be clearly under-
standable by those skilled in the art from the following
description.

Technical Solution

[0013] In accordance with an aspect thereof, the present
invention provides a composition comprising extracellular
vesicles derived from indoor air.

[0014] According to one embodiment of this aspect, the
extracellular vesicles may be derived from, but are not limited
to, indoor dust, house dust mites, mould, cockroaches, pet
secretions, pollen, human dandruff, etc.

[0015] According to another embodiment of this aspect, the
extracellular vesicles may be derived from bacteria found in
indoor air which may live on (but are not limited to) indoor
dust, house dust mites, mold, cockroaches, pet secretions,
plants, or human dandruff.

[0016] In another embodiment, the extracellular vesicles
may be in the form of a combination originating from two or
more different kinds of bacteria.

[0017] In another embodiment, the bacteria belong to a
genera selected from the group consisting of Staphylococcus,
Micrococcus, Enterococcus, Pseudomonas, Streptomycetes,
Corinebacterium and a mixture thereof.

[0018] In another embodiment, the bacteria is selected
from the group consisting of Staphylococcus aureus, Staphy-
lococcus hominis, Micrococcus Iylae, Enterococcus faecalis,
Pseudomonas stutzeri, Pseudomonas luteola, Escherichia
coli and a mixture thereof.

[0019] In another embodiment, the extracellular vesicles
may include secretions from a mould present in indoor air.
The fungal extracellular vesicles are those secreted from the
molds that inhabit indoor dust.

[0020] In another embodiment, the extracellular vesicles
are a spontaneous secretion produced by bacteria or mold in
a culture medium, or an artificial secretion produced by bac-
teria or mold in a culture medium.

[0021] Contemplated in accordance with another aspect of
the present invention is an animal model of disease estab-
lished by administering extracellular vesicles derived from
indoor air to an animal.

[0022] The extracellular vesicles are as described above.
[0023] Inone embodiment of this aspect, the animal model
may include a mouse, but is not limited thereto.

[0024] The disease may include rhinitis, sinusitis, nasopha-
ryngeal cancer, asthma, bronchitis, chronic obstructive pul-
monary disease, bronchiolitis, pneumonia, and lung cancer.
[0025] The administration includes intranasal administra-
tion, oral administration and intratracheal administration.
[0026] In accordance with a further aspect thereof, the
present invention addresses a method for screening drug can-
didates preventive or therapeutic of a disease, using extracel-
lular vesicles derived from indoor air.

[0027] In this regard, the extracellular vesicles are like
those described above.

[0028] The disease may be caused or exacerbated by extra-
cellular vesicles existing in indoor air and may include rhini-
tis, sinusitis, nasopharyngeal cancer, bronchitis, asthma,
chronic obstructive pulmonary disease, bronchiolitis, pneu-
monia, and lung cancer.
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[0029] According to one embodiment, the method is char-
acterized by the administration of a drug candidate to the
animal model of disease of the present invention.

[0030] Inanother embodiment, the screening method com-
prises treating cells in vitro with a drug candidate in the
presence of the indoor air-derived extracellular vesicles. In
this context, the cells may include inflammatory cells, epithe-
lial cells and fibroblast cells.

[0031] Inanother embodiment, the screening method com-
prises administering a drug candidate together with the extra-
cellular vesicles derived from indoor air, and determining the
level of an inflammatory mediator, but the present invention is
not limited to this.

[0032] In accordance with still a further aspect thereof, the
present invention provides a vaccine for the prophylaxis and
therapy of a disease, comprising extracellular vesicles
derived from indoor air.

[0033]

[0034] In this aspect, the disease may be caused or exacer-
bated by extracellular vesicles in indoor air and may include
rhinitis, sinusitis, nasopharyngeal cancer, asthma, chronic
obstructive pulmonary disease, bronchitis, bronchiectasis,
bronchiolitis, pneumonia, and lung cancer.

[0035] According to one embodiment of this aspect, the
disease may include sinusitis, bronchiectasis, and pneumonia
which are all caused by bacteria or mould in indoor air.

[0036] In another embodiment, the extracellular vesicles
may be those derived from transformed bacteria or mold so as
to enhance medicinal efficacy or alleviate side effects, but the
present invention is not limited to this.

[0037] In another embodiment, the extracellular vesicles
may be those derived from chemically treated bacteria or
mould so as to enhance medicinal efficacy or alleviate side
effects, but the present invention is not limited to this.

[0038] In another embodiment, the extracellular vesicles
may be chemically treated so as to have their medicinal effi-
cacy enhanced or alleviate side effects, but the present inven-
tion is not limited to this.

[0039] In another embodiment, the extracellular vesicles
may be used in combination with a drug so as to enhance the
medicinal efficacy or alleviate side effects, but the present
invention is not limited to this.

[0040] Also contemplated in accordance with still another
aspect of the present invention is a vaccine preventive or
therapeutic of infections, comprising extracellular vesicles
derived from indoor air.

[0041]

[0042] The infection may include those caused by bacteria
or mould present in indoor air. For example, the bacteria or
mould are present in hospital indoor air.

[0043] According to one embodiment, the infection may
include sinusitis, bronchitis, bronchiectasis, pneumonia, and
sepsis, all being caused by bacteria or mould.

[0044] According to another embodiment, the extracellular
vesicles may be derived from transformed bacteria or mould
to enhance their efficacy or reduce their side effects, but the
present invention is not limited by this.

[0045] In another embodiment, the extracellular vesicles
may be derived from bacteria or mould treated with a chemi-
cal compound to enhance their efficacy or reduce their side
effects, but the present invention is not limited by this.

The extracellular vesicles are as described above.

The extracellular vesicles are as described above.
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[0046] In another embodiment, the extracellular vesicles
may be treated with a chemical compound to enhance their
efficacy or reduce their side effects, but the present invention
is not limited by this.

[0047] In another embodiment, the extracellular vesicles
may be intended to be administered in combination with a
drug so as to enhance their efficacy or reduce their side
effects, but the present invention is not limited by this.
[0048] In accordance with yet a further aspect thereof, the
present invention provides a method for diagnosing a patho-
genic factor associated with the onset or exacerbation of a
disease caused by extracellular vesicles, using extracellular
vesicles derived from indoor air.

[0049] In accordance with yet another aspect thereof, the
present invention provides a method for diagnosing a patho-
genic factor associated with the onset or exacerbation of an
infection caused by bacteria or fungi, using extracellular
vesicles derived from indoor air.

[0050] The extracellular vesicles are as described above.
[0051] In this regard, the disease is caused by the extracel-
lular vesicles present in indoor air and may comprise rhinitis,
sinusitis, nasopharyngeal cancer, asthma, chronic obstructive
pulmonary disease, bronchitis, bronchiectasis, bronchiolitis,
pneumonia, and lung cancer.

[0052] In one embodiment, the disease is caused by bacte-
ria or mould present in indoor air and may comprise sinusitis,
bronchiolitis, and pneumonia.

[0053] The infection caused by bacteria or mould includes
sinusitis, asthma, chronic obstructive pulmonary disease,
bronchiolitis, pneumonia, and sepsis.

[0054] In one embodiment, the diagnosis method may
comprise analyzing a base sequence of a genetic material
contained in the extracellular vesicles in indoor air, but the
present invention is not limited by this. The genetic material
may include, but is not limited to 16S rRNA.

[0055] According to another embodiment, the diagnosis
method may comprise quantitatively analyzing a protein con-
tained in extracellular vesicles in indoor air, but the present
invention is not limited by this.

[0056] According to another embodiment, the diagnosis
method may comprise quantitatively analyzing immune
responses to extracellular vesicles present in indoor air, but
the present invention is not limited by this. The immune
response may be attributed to the production of an antibody
that acts against extracellular vesicles present in indoor air,
but the present invention is not limited by this.

[0057] The pathogenic factor may be obtained from indoor
dust. Also, the diagnosis may be implemented using a sample
taken from phlegm, ascites, snivel, urine or blood.

[0058] In accordance with yet still a further aspect thereof,
the present invention provides a method for deactivating or
removing extracellular vesicles present in indoor air so as to
prevent the onset or exacerbation of a disease.

[0059] In this regard, the disease is caused by extracellular
vesicles present in indoor air and may include rhinitis, sinusi-
tis, nasopharyngeal cancer, asthnia, chronic obstructive pul-
monary disease, bronchitis, bronchiectasis, bronchiolitis,
pneumonia, and lung cancer.

[0060] Thedeactivation ofthe extracellular vesicles may be
carried out by treating the extracellular vesicles with heat or a
chemical compound that specifically reacts with the extracel-
lular vesicles, but the present invention is not limited by this.
The chemical compound may include an inhibitor against a
vesicular protein, LPS (lipopolysaccharide), and a pepti-
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doglycan, all being present in the extracellular vesicles. The
LPS inhibitor may be polymyxin B.

[0061] According to one embodiment, the method may
employ an instrument designed to deactivate the extracellular
vesicles. The instrument may be designed to treat the extra-
cellular vesicles with heat or a chemical compound specific
for the extracellular vesicles.

[0062] According to another embodiment, the instrument
may be designed to remove the extracellular vesicles. The
instrument may comprise a microfilter with a pore size of
from 10 nm to 200 nm, but the present invention is not limited
by this.

[0063] In accordance with yet still another aspect thereof;
the present invention provides a method for determining
indoor air quality in association with the onset or exacerba-
tion of a respiratory disease, characterized in that extracellu-
lar vesicles in indoor air are quantitatively analyzed.

[0064] According to one embodiment, the quantitative
analysis of the extracellular vesicles may be achieved by
measuring a genetic material contained within the extracel-
lular vesicles, and the genetic material may be 16S rRNA.
[0065] According to another embodiment, the quantitative
analysis of the extracellular vesicles may be achieved by
measuring the level of a protein in the extracellular vesicles.
[0066] According to another embodiment, the quantitative
analysis of the extracellular vesicles may be achieved by
counting the extracellular vesicles with the aid of a micro-
scope. The microscope may be a high-resolution optical
microscope or an electron microscope.

[0067] Contemplated in accordance with an additional
aspect of the present invention is a method for preventing or
treating a disease, comprising administering extracellular
vesicles derived from indoor air to a mammal.

[0068] The extracellular vesicles may be as described
above.
[0069] The disease is caused by extracellular vesicles

present in indoor air and may include rhinitis, sinusitis,
nasopharyngeal cancer, asthma, chronic obstructive pulmo-
nary disease, bronchitis, bronchiectasis, bronchiolitis, pneu-
monia, and lung cancer.

[0070] Inone embodiment, the disease is caused by bacte-
ria or a mould present in indoor air and may include sinusitis,
bronchiectasis, pneumonia, and sepsis.

[0071] The administering may be achieved by subcutane-
ous injection or transmucosal administration.

Advantageous Effects

[0072] Based on the finding that extracellular vesicles
derived from bacteria and the like are present in indoor air and
when inhaled, they (particularly Gram-negative bacteria-de-
rived extracellular vesicles) may induce Th17 and/or Thl
immune responses in the lung to cause neutrophilic inflam-
mation, which may result in respiratory diseases such as
severe asthma and chronic obstructive pulmonary disease, the
present invention utilizes extracellular vesicles derived from
indoor air for the following purposes.

[0073] In the present invention, extracellular vesicles
derived from indoor air are administered to animals to estab-
lish animal models of respiratory diseases. In turn, these
animal models can be used to screen and discover drug can-
didates preventive or therapeutic of the respiratory diseases. It
is very important to clarify the exact causative factors of a
disease in order to develop drugs for the prevention or treat-
ment thereof. For example, candidate drugs can be screened
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for pharmaceutical efficacy either during the course of the ex
vivo treatment of cells with the causative factor or when
administered to the animal model. In the present invention, a
method for screening candidate drugs uses the extracellular
vesicles of indoor air, and using the method, drugs useful for
preventing or treating diseases caused by extracellular
vesicles in indoor air can be effectively developed using the
screening system and/or the animal model.

[0074] In addition, the present invention allows the factors
that cause respiratory diseases such as severe asthma, chronic
obstructive pulmonary disease, lung cancer, etc., to be accu-
rately diagnosed. That is, their ability to provoke immune
responses and the pathogenic factors of extracellular vesicles
in indoor air are analyzed by means of base sequencing and
protein assay, which can be thus applicable to the develop-
ment of a method for diagnosing a pathogenic factor of a
respiratory disease.

[0075] Understanding the exact factor that is causative of a
disease is essential for the development of a vaccine against
the disease. In the case of viral infections, pathogenic agents
in attenuated forms, when administered in vivo, induce an
immune response to the viruses and thus can be used as a
vaccine. In practice, vaccines are used to effectively prevent
many viral infections. On the basis of the fact that extracel-
lular vesicles in indoor air act as a causative factor of respi-
ratory diseases, the extracellular vesicles can be used to pro-
voke immune responses thereto in the body and thus can be
applied to the development of vaccines effective against the
diseases.

[0076] Also, the fact that extracellular vesicles in indoor air
act as a causative factor of respiratory diseases makes it
possible to determine indoor air quality in terms of its gen-
eration and exacerbation of respiratory diseases by measuring
the level of extracellular vesicles in indoor air. Further, the
present invention can be applied to an air purifier so that the
activity of extracellular vesicles in indoor air can be regulated
or be nullified by, for example, chemical or thermal treatment
when indoor air passes through the air purifier, thereby pre-
venting the onset or exacerbation of respiratory diseases.

DESCRIPTION OF DRAWINGS

[0077] FIG. 1 shows a process of isolating extracellular
vesicles from indoor dust that was collected.

[0078] FIG. 2 shows the morphology and size of the extra-
cellular vesicles isolated from indoor dust as analyzed by
TEM (transmission electron microscope).

[0079] FIG. 3 is a diagram showing an experimental proto-
col for inducing an inflammatory respiratory disease (lung
inflammation) by intranasally administering indoor dust to
mice.

[0080] FIG. 4 is a graph showing the inflammatory cell
count in bronchoalveola lavage fluid after indoor dust was
intranasally administered to mice.

[0081] FIG. 5 shows expression levels of cytokines in
CD4+ T in a pulmonary tissue, as measured by intracellular
cytokine staining, after an inflammatory respiratory disease
(lung inflammation) is induced by intranasally administering
indoor dust to mice.

[0082] FIG. 6 shows levels of cytokines secreted by mouse
macrophages, as measured by ELISA, after the mouse mac-
rophages are treated with extracellular vesicles (Dust-EV)
and water-soluble components (Dust-soluble) isolated from
indoor dust.
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[0083] FIG. 7 shows that extracellular vesicles (Dust-EV)
derived from indoor dust induce the secretion of INF-o and
IL-6 cytokines from mouse macrophages in a dose-dependent
manner.

[0084] FIG. 8 shows the levels of INF-a. and IL-6 secreted
from mouse macrophages after the application of extracellu-
lar vesicles (Dust-EV) treated with polymyxin B (PMB) or
heat to the cells.

[0085] FIG. 9 is a diagram showing an experimental proto-
col for evaluating in vivo innate immune responses induced
by extracellular vesicles present in indoor dust (Dust-EV).
[0086] FIG. 10 shows the induction of in vivo innate
immune responses upon the administration of extracellular
vesicles in indoor dust (Dust-EV) according to the protocol of
FIG. 9, as analyzed in the inflammatory cell count of BAL
fluid.

[0087] FIG. 11 is a diagram showing a protocol for evalu-
ating the induction of in vivo acquired immune response upon
the repetitive administration of indoor dust-derived extracel-
lular vesicle (Dust-EV) and the role of extracellular vesicles
and vesicular LPS in the onset of lung inflammation as a result
of the immune responses.

[0088] FIG. 12 is a graph showing the induction of lung
inflammation upon the administration of extracellular
vesicles in indoor dust (Dust-EV) according to the protocol of
FIG. 11, as analyzed in the inflammatory cell count of BAL
fluid.

[0089] FIG. 13 shows expression patterns of IFN-y and
IL-1 in inflammatory cells isolated from local lymph nodes as
measured by intracellular cytokine staining, after acquired
immune responses are induced by extracellular vesicles
(Dust-EV) in the presence or absence of polymyxin B (PMB)
according to the protocol of FIG. 11.

[0090] FIG. 14 shows levels of antibodies against indoor
dust-derived vesicles in sera, as measured by ELISA, after
treatment with extracellular vesicles (Dust-EV) in the pres-
ence or absence of polymyxin B (PMB) according to the
protocol of FIG. 11.

[0091] FIG. 15 shows the presence of both the E. coli 16s
rRNA and a protein reactive to an antibody against E. coli-
derived vesicles (E. coli-OMV) in extracellular vesicles
derived from indoor dust (Dust-EV).

[0092] FIG. 16 shows the levels of inflammatory cytokines
in BAL fluid after one intranasal injection of E. co/i-derived
extracellular vesicles

[0093] FIG. 17 is a diagram showing a protocol for evalu-
ating lung inflammation caused upon the repetitive adminis-
tration of . coli-derived extracellular vesicles (EC-EV) over
three weeks.

[0094] FIG. 18 is a graph showing the inflammatory cell
count of BAL fluid, which is an index for lung inflammation,
after E. coli-derived extracellular vesicles (EC-EV) are
repetitively administered.

[0095] FIG. 19 is a diagram showing a protocol for evalu-
ating histological changes upon the repetitive administration
of a high dose of E. coli-derived extracellular vesicles (EC-
EV) over 4 weeks.

[0096] FIG. 20 shows pulmonary tissues affected by
emphysema characterized by destroyed alveoli after admin-
istering E. coli-derived vesicles according to the protocol of
FIG. 19

[0097] FIG. 21 is a diagram showing a protocol for isolat-
ing extracellular vesicles from house dust mites.
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[0098] FIG. 22 shows the morphology and size of extracel-
lular vesicles isolated from house dust mites, as analyzed by
transmission electron microscope (TEM) and dynamic light
scattering (DLS).

[0099] FIG. 23 shows levels of cytokines secreted in mouse
macrophages after treatment with house dust mite-derived
extracellular vesicles (HDM-EV).

[0100] FIG. 24 is a graph showing the induction of in vivo
innate immune responses upon the administration of house
dust mite-derived extracellular vesicles (HDM-EV), as ana-
lyzed in the inflammatory cell count of BAL fluid.

[0101] FIG. 25 shows the induction of in vivo innate
immune responses upon the administration of house dust
mite-derived extracellular vesicles (HDM-EV), as analyzed
by the level of cytokines in BAL fluid.

[0102] FIG. 26 is a graph showing the induction of in vivo
acquired immune responses upon the administration of house
dust mite-derived extracellular vesicles (HDM-EV), as ana-
lyzed in the inflammatory cell count of BAL fluid, which are
an index for lung inflammation.

[0103] FIG. 27 is a graph showing the induction of in vivo
acquired immune responses upon the administration of house
dust mite-derived extracellular vesicles (HDM-EV), as ana-
lyzed by the level of IL-17, secreted from Th17, in BAL fluid.
[0104] FIG. 28 shows the growth of bacteria and fungi
obtained from indoor dust.

[0105] FIG. 29 shows a process of isolating bacteria from
indoor dust.
[0106] FIG. 30 shows the induction of in vitro innate

immune responses upon the treatment of mouse macrophages
with Staphylococcus aureus-derived extracellular vesicles
(S-EV) and thermally treated vesicles, as analyzed by the
levels of TNF-a and IL-6.

[0107] FIG. 31 is a diagram showing a protocol for evalu-
ating the induction of in vivo innate immune responses using
Staphylococcus aureus-derived extracellular vesicles.
[0108] FIG.32isa graph showing inflammatory cell counts
of BAL fluid after Staphylococcus aureus-derived extracel-
lular vesicles (S-EV) are intranasally administered according
to the protocol of FIG. 31.

[0109] FIG. 33 is a graph showing levels of IL-6 in BAL
fluid after Staphylococcus aureus-derived extracellular
vesicles (S-EV) are intranasally administered according to
the protocol of FIG. 31.

[0110] FIG. 34 is a diagram showing a protocol for evalu-
ating the role of vesicular proteins or heat resistant compo-
nents in the induction of immune responses using Staphylo-
coccus aureus-derived extracellular vesicles.

[0111] FIG. 35 is a graph showing the inflammatory cell
count of BAL fluid after thermally treated Staphylococcus
aureus-derived extracellular vesicles (S-EV) were intrana-
sally administered according to the protocol of FIG. 34.
[0112] FIG. 36 is a graph showing levels of IL-6 in BAL
fluid after thermally treated Staphylococcus aureus-derived
extracellular vesicles (S-EV) were intranasally administered
according to the protocol of FIG. 34.

[0113] FIG. 37 is a graph showing the levels of vesicle-
specific antibodies measured in the course of three intraperi-
toneal injections of 1 ug of E. coli-derived extracellular
vesicles (EC_EV) at regular intervals of one week.

[0114] FIG. 38 shows the levels of IFN-y secreted from
mouse splenocytes upon ex vivo treatment with E. coli-de-
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rived extracellular vesicles after the mice were immunized
with the E. coli-derived extracellular vesicle (EC_EV) vac-
cine.

[0115] FIG. 39 shows the levels of 1L.-17 secreted from
mouse splenocytes upon ex vivo treatment with E. coli-de-
rived extracellular vesicles after the mice were immunized
with the E. coli-derived extracellular vesicle (EC_EV) vac-
cine.

[0116] FIG. 40 shows survival rates of the mice in which
sepsis was induced by the intraperitoneal injection of E. coli
(EC).

[0117] FIG. 41 shows the efficacy of the E. coli-derived
extracellular vesicle (EC_EV) vaccines against the E. coli
(EC) infection-induced sepsis.

[0118] FIG. 42 shows E. coli CFU in mice immunized with
and without E. coli-derived extracellular vesicles (EC_EV)
upon the intraperitoneal injection of E. coli (EC).

[0119] FIG. 43 shows blood IL-6 levels measured 6 hours
after three intraperitoneal injections of E. coli-derived extra-
cellular vesicles (5 pg) into mice immunized and not immu-
nized with E. coli-derived extracellular vesicles (EC_EV).

BEST MODE

[0120] The inhalation of harmful substances in indoor air
may result in the onset of a respiratory disease. An allergy is
a hypersensitivity disorder of the immune system. A protein
alone, when inhaled, may not provoke an immune response
because of immune tolerance. However, when the protein is
inhaled together with an allergen, an acquired immune
responses (sensitization) characterized by the memory of the
protein may be induced. Given the sensitization to a protein,
even a low concentration of the protein may induce an
immune response, causing inflammation. Harmful gases in
indoor air provoke inflammation due to their inherent toxicity,
but do not induce acquired immunity. In contrast, biological
contaminants in indoor may induce acquired immune
responses as well as innate immune responses. However,
bacterial extracellular vesicles have not been reported as
existing in indoor nor have the extracellular vesicles in indoor
air been disclosed as being causative factors for respiratory
diseases, thus far. In the present invention, it is first reported
that extracellular vesicles derived from bacteria and the like
are found in indoor air and, when inhaled, can cause respira-
tory diseases.

[0121] Inflammation may be classified as eosinophilic
inflammation and non-eosinophilic (or neutrophilic inflam-
mation) according to the involvement of eosinophils in infil-
tration. Chronic inflammation occurs mainly due to abnormal
immunity characterized by hypersensitivity to proteins (an
acquired immune reaction). Eosinophilic inflammation takes
place upon a Th2-mediated immune response to proteins
whereas neutrophilic inflammation results from Th17- and/or
Thl-mediated immune responses.

[0122] On the basis of the finding that the neutrophilic
inflammation may be induced by the inhalation of indoor dust
and is mainly due to extracellular vesicles in indoor dust and
that the activity of extracellular vesicles is inhibited upon
treatment with a drug (polymyxin B), an inhibitor of Gram-
negative bacterial endotoxins (e.g., lipopolysaccharide
(LPS)), the present inventors first disclosed that the extracel-
lular vesicles derived from Gram-negative bacteria in indoor
air are a causative factor for respiratory diseases character-
ized by neutrophilic inflammation.
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[0123] The pathophysiology of neutrophilic lung inflam-
mation is important in the onset of severe asthnia and chronic
obstructive pulmonary disease with irreversible obstruction
of the airway. Chronic obstructive pulmonary disease that is
characterized by neutrophilic inflammation irrespective of
smoking is a risk factor for lung cancer. In practice, as many
as one third of patients with chronic obstructive pulmonary
disease die of lung cancer. Moreover, recent animal tests
showed that Th17 immune responses and Thl7-mediated
neutrophilic inflammation result in lung cancer. These data
indicate that Th17 immune responses and/or neutrophilic
inflammation in the lung play an important role in the etiology
of severe asthma and chronic obstructive pulmonary disease
and are closely correlated with the generation of lung cancer.
[0124] The present invention addresses a composition
comprising indoor air-derived extracellular vesicles, and the
use of the extracellular vesicles in the diagnosis, prophylaxis
and/or therapy of inflammatory respiratory diseases.

[0125] As used herein, the term “indoor” is intended to
encompass spaces within and around buildings and structures
and the term ““indoor air,” as used herein, is intended to
encompass dust and secretions from house dust mites, cock-
roaches, pets, plants and humans as well as air within and
around buildings and structures.

[0126] By the term “indoor air-derived extracellular
vesicles,” as used herein, is meant the extracellular vesicles
that are present in air within and around buildings and struc-
tures. For example, indoor air-derived extracellular vesicles
encompass the extracellular vesicles released from microbes
that are found in indoor air or that live in the inhabitants of
buildings and structures, such as house dust mites, cock-
roaches, pets, plants and humans. Typically, vesicles are
smaller in size than their source cells, but this does not limit
the scope of the present invention in any way.

[0127] Indoor air contains a variety of bacteria and mould
that inhabit the skin, digestive tract and respiratory tract of
various organisms including humans, pets, house dust mite,
cockroaches, etc. or live within or around buildings and struc-
tures and that are introduced from the outdoor environment. A
lot of dust is particularly found in bed mattresses and carpet-
ing, providing a shelter for various bacteria and fungi. In
addition, secretions from organisms such as house dust mites
are found in dust. In this regard, after being isolated by remov-
ing materials of large size from the waste things that were
harvested using a vacuum cleaner, dust was applied to the
culture media and incubated. As a result, a number of fungal
and bacterial colonies appeared. The indoor dust was solubi-
lized in phosphate buffer saline (PBS) and subjected to mul-
tiple centrifugations to isolate extracellular vesicles. Trans-
mission electron microscopy showed that indoor air
contained spherical extracellular vesicles with a size of
50-100 nm.

[0128] An investigation was conducted to see whether
indoor dust causes inflammatory respiratory disease. In this
context, indoor dust was intranasally administered to
C57BL/6 mice for three weeks and, 24 hours after the final
intranasal administration, the total count of inflammatory
cells, and particularly the neutrophil count were increased in
the bronchoalveolar lavage fluid (BALF). From these results,
it can be inferred that indoor dust can induce inflammatory
respiratory diseases (lung inflammation) characterized by
neutrophilic infiltration.

[0129] To account for the immunological mechanism of the
respiratory diseases, T cell cytokines were measured using

Jul. 26,2012

flow cytometry. The adaptive immunity of T cells is largely
classified according to the cytokine secretion: a Thl type
response secretes IFN-y; a Th2 type response secretes 1[.-4/
IL-5/1L-13; and a Th17 type response secretes 1L.-17. The
neutrophilic lung inflammation caused by dust is an inflam-
matory response mediated mainly by CD4*T cells (Th17
cells)and Th1 cells that secrete IL-17 and IFN-y, respectively.
Th1 and Th17 immune responses play an importantrole in the
pathology of inflammatory respiratory diseases (asthma,
chronic obstructive pulmonary disease, bronchiolitis, pneu-
monia, etc.) characterized by neutrophilic inflammation in
the airway and the lung parenchyma, and the onset of lung
cancer. Particularly, it is known that Th1 and Th17 inflamma-
tions are correlated with the development of emphysema and
lung cancer, respectively.

[0130] Inrelation to indoor dust-induced inflammation, an
examination was made of the role of extracellular vesicles
and water-soluble components of indoor dust. When extra-
cellular vesicles and water-soluble components individually
isolated from indoor dust were applied to mouse macroph-
ages (RAW 264.7), an increased level of TNF-alpha was
secreted by both of them whereas the extracellular vesicles
mainly increased the secretion of IL-6. This indicates that the
extracellular vesicles existing in indoor air provoke immune
response and inflammation based on IL-6.

[0131] Extracellular vesicles in indoor air may be secreted
from various kinds of bacteria that are present within or
around buildings and structures or inhabit various organisms
including humans, pets, house dust mites, cockroaches, etc.
Retaining bacterial proteins, LPS and/or peptidoglycans
therein, the extracellular vesicles can induce inflammatory
responses.

[0132] In order to examine innate immunity to indoor air-
derived extracellular vesicles in vitro, mouse macrophages
(RAW 264.7) were treated with the extracellular vesicles. The
macrophages were observed to secrete the inflammatory
cytokines TNF-a and IL-6 in a dose-dependent manner upon
treatment with extracellular vesicles.

[0133] IL (interleukin)-6 is an inflammatory cytokine that
is secreted in the early stage of inflammation, serving as an
index for early inflammation. IL-6 is also known to induce
Th17-mediated neutrophilic inflammation. In addition, IL-6
stimulates the STAT3 signaling pathway to provoke the pro-
liferation of pulmonary cells, angiogenesis, and the suppres-
sion of immune cells, which is related to the generation of
lung cancer. Moreover, 1L-6 plays an important role in differ-
entiating naive T cells into Th17 cells upon the acquired
immunity of T cells to antigens.

[0134] From the fact that extracellular vesicles in indoor air
increases the secretion of IL-6 from macrophages, it can be
inferred that extracellular vesicles can elicit an inflammatory
response which may account for the etiology of inflammatory
respiratory diseases such as asthnia, chronic obstructive pul-
monary disease, bronchiolitis and pneumonia as well as the
onset of lung cancer.

[0135] Because extracellular vesicles in indoor air, as men-
tioned above, retain various proteins and LPS that can induce
inflammatory responses, the roles of these inflammatory fac-
tors in the inflammatory response were evaluated.

[0136] PolymyxinB acts as an LPS inhibitor by binding to
lipid A, the core component of LPS. When mouse macroph-
ages were treated with indoor air-derived extracellular
vesicles in the presence of Polymyxin B, the secretion of IL-6
and TNF-a was decreased compared to after the treatment
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with extracellular vesicles alone, indicating that the extracel-
lular vesicles in indoor air comprise Gram-negative bacteria-
derived extracellular vesicles.

[0137] There are a variety of proteins in the extracellular
vesicles. To evaluate the functions of such vesicular proteins,
the extracellular vesicles were boiled at 100° C. for 20 min
before application to mouse macrophages. The thermally
treated vesicles decreased the secretion of TNF (Tumor
necrosis factor)-alpha, but rather increased the secretion of
IL-6. This suggests that a vesicular protein induces the secre-
tion of TNF-alpha while a heat-resistant vesicular component
is responsible for the induction of IL-6 secretion.

[0138] Further, animal models of respiratory diseases can
be established by administering indoor air-derived extracel-
lular vesicles to animals. In this context, extracellular vesicles
isolated from dust were administered to mice after which the
generation of lung inflammation and the secretion of 11-6
were examined. The increase in inflammatory cell counts was
proportional to the concentration of the extracellular vesicles
administered via an intratracheal route into mice. The level of
IL-6 was also increased in the mice administered with the
extracellular vesicles. Accordingly, this in vivo experiment is
coincident with the in vitro experiment that demonstrated the
induction of IL-6 secretion by the vesicles.

[0139] An examination was made to see whether repetitive
exposure to the extracellular vesicles isolated from indoor
dust causes inflammatory respiratory diseases. Intratracheal
administration of the vesicles for three weeks induced neu-
trophilic inflammation whereas this inflammation was sig-
nificantly suppressed when the vesicles were administered
together with Polymyxin B. This implies that the inflamma-
tion is accounted for by Gram-negative bacteria-derived
extracellular vesicles.

[0140] The immunological pathology responsible for lung
inflammation was examined. When vesicles isolated from
dust were administered, the population of T cells expressing
IFN-y and IL-17 was significantly increased in lung tissues.
Co-administration of Polymyxin B and the vesicles signifi-
cantly reduced the infiltration of the cells. Taken together,
these results mean that extracellular vesicles in dust induce
Thl- and Thl7-mediated neutrophilic lung inflammation,
with the vesicular LPS playing an essential role in the induc-
tion.

[0141] Further, the production of antibodies against indoor
air-derived extracellular vesicles was measured. After admin-
istration of the vesicles, significantly increased levels of IgG1
and IgG2a were detected whereas co-administration with
Polymyxin B reduced the levels of vesicle-specific IgG1 and
IgG2a. These results suggest that the inhalation of extracel-
lular vesicles in indoor dust through the airway induces the
production of vesicle-specific antibodies in which vesicular
LPS plays an important role.

[0142] E. coli is a Gram-negative bacterium that inhabits
the intestine. It was reported that . coli exists in indoor dust
and secretes extracellular vesicles. An examination was made
to see whether the extracellular vesicles isolated from indoor
dust comprise those derived from E. coli. Genetic analysis
with primers for 16S rRNA characteristic of . coli-derived
extracellular vesicles showed the existence of E. coli-derived
extracellular vesicles in indoor dust. In addition, extracellular
vesicles in indoor dust bind to antibodies against E. coli-
derived extracellular vesicles as measured by Western blot-
ting. These results demonstrate the presence of . coli-de-
rived extracellular vesicles in indoor dust. . coli lives mainly
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in the large intestine and releases extracellular vesicles. Thus,
the extracellular vesicles released from E. coli that inhabit the
intestines of house dust mite, cockroaches, pets and humans
are excreted together with feces from house dust mites, etc.
[0143] After E. coli-derived extracellular vesicles were
administered once through the airway, in vivo levels of the
inflammatory mediators TNF-alpha and IL.-6 were increased
in a dose-dependent manner.

[0144] The effect that repetitive exposure to E. coli-derived
extracellular vesicles has on the onset of inflammatory respi-
ratory diseases was evaluated. Intranasal administration of £.
coli-derived extracellular vesicles at a frequency of two per
week for three weeks increased the inflammatory cell count in
bronchoalveolar lavage fluid in a dose-dependent manner.
[0145] Likewise, repetitive administration of a high dose
(100 ng) of the extracellular vesicles for four weeks caused
emphysema. Hence, when dust containing a high concentra-
tion of pathogenic vesicles such as E. coli-derived extracel-
lular vesicles is inhaled, emphysema characterized by the
irreversible obstruction of the airway may follow.

[0146] Extracellular vesicles derived from indoor dust may
be produced from various bacteria that live in dust or inhabit
various living environments such as house dust mites, cock-
roaches, humans and pets.

[0147] The present inventors isolated extracellular vesicles
from house dust mites. Immune responses induced by extra-
cellular vesicles derived from house dust mites were evalu-
ated in vitro. When treated with the extracellular vesicles,
mouse macrophages secreted TNF-alpha and IL-6 in a dose-
dependent manner. Further, the vesicle-induced secretion of
inflammatory mediators was suppressed by Polymyxin B, an
LPS inhibitor. Thus, the extracellular vesicles derived from
house dust mites may cause respiratory diseases and com-
prise Gram-negative bacterial extracellular vesicles.

[0148] As described above, in vitro experiments showed
that extracellular vesicles derived from house dust mites
induce an innate immune response. This induction was evalu-
ated in vivo. In this regard, extracellular vesicles derived from
house dust mites were administered once through the airway
to mice whose innate immune response was then examined.
The count of the inflammatory cells that had infiltrated into
the lung did increase in a dose-dependent manner, with the
concomitant increase in the level of the inflammatory cytok-
ines TNF-y and IL-6.

[0149] Basedon theresult of innate immune response in the
in vivo system, extracellular vesicles derived from house dust
mite were repetitively administered by inhalation and the
generation of lung inflammation was examined. Administra-
tion of extracellular vesicles derived from house dust mites
for three weeks induced neutrophilic lung inflammation, with
a concomitant increase in the IL-17 level.

[0150] These results show that extracellular vesicles
derived from house dust mites induce neutrophilic inflamma-
tion which is mediated mainly by Th17.

[0151] In the present invention, some of the bacteria that
inhabit indoor dust were identified as Gram-positive bacteria,
especially Staphylococcus aureus (S. aureus) and Staphylo-
coccus hominis.

[0152] The first report that S. aureus, a Gram-positive bac-
terium, secretes extracellular vesicles was made by the
present inventors. The induction of immune responses by S.
aureus-derived extracellular vesicles was evaluated in vitro.
For this, S. aureus-derived extracellular vesicles were applied
to mouse macrophages. S. aureus-derived vesicles were
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observed to induce macrophages to secrete TNF-alpha and
IL-6. Thus, S. aureus-derived extracellular vesicles may
cause inflammatory respiratory diseases and lung cancer.
[0153] As described above, the in vitro experiments
showed that S. aureus-derived extracellular vesicles induced
innate immune responses. To confirm the induction in vivo, S.
aureus-derived extracellular vesicles were administered at
different doses (1 pg and 10 pg) to mice via the airway. The
count of the inflammatory cells introduced into the lung of the
mice increased with an increase in the concentration of the
extracellular vesicles. Particularly, an excess number of neu-
trophils infiltrated into the lung. The bronchoalveolar fluid
was also observed to contain an increased level of IL-6 in
proportion to the concentration of the extracellular vesicles.
[0154] From these results, it was revealed that S. aureus-
derived extracellular vesicles cause lung inflammation,
which may lead to the expectation that the vesicles stimulate
IL-6 to induce Th17-mediated adaptive immune responses.
[0155] In addition, thermally treated S. aureus-derived
extracellular vesicles were introduced into the airway of mice
in order to examine in vivo the function of vesicular proteins.
Under this condition, the level of IL-6, which plays an impor-
tant role in the onset of lung cancer and Th17-mediated innate
immune responses, was decreased. The results showed that
proteins within S. aureus-derived extracellular vesicles incite
the production of IL-6 during the Thl7-mediated lung
inflammation upon the inhalation of indoor dust.

[0156] Understanding the factor that is a direct cause of a
disease is essential in order to use the factor in immune
regulation. The present inventors found that E. coli-derived
extracellular vesicles in indoor air cause inflammatory respi-
ratory diseases. Injection of a low dose of E. coli-derived
extracellular vesicles allowed the formation of extracellular
vesicle-specific antibodies and provoked T cell immune
responses in which Thl and Thl7-mediated immune
responses were induced so as to secrete IFN-y and 1L-17,
respectively. Vaccination with E. coli-derived extracellular
vesicles significantly suppressed F. coli infection. Further,
the injection of the vesicular vaccine brought about a signifi-
cant reduction in the secretion of inflammatory cytokines
induced by the vascular uptake of E. coli-derived extracellu-
lar vesicles. These results demonstrate that bacterial extracel-
lular vesicles can be used as a vaccine for preventing diseases
caused by extracellular vesicles in indoor air as well as bac-
terial infections.

[0157] A better understanding of the present invention may
be obtained through following examples, which are set forth
to illustrate, but are not to be construed as limiting the present
invention.

EXAMPLES
Example 1

Isolation and Characterization of Indoor Extracellu-
lar Vesicles

[0158] Extracellular vesicles were isolated from indoor
dust and characterized.

[0159] First, dust was collected from bedclothes using a
vacuum cleaner. The dust caught in the filter of the vacuum
cleaner was transferred to a clean vial and weighed. Five
grams of the dust was solubilized at 4° C. for 12 hours in 200
mL of PBS in a beaker. Large-size substance was filtered
through gauze, and the filtrate was aliquoted into high speed
centrifuge tubes and centrifuged twice in succession at 4° C.
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and 10,000xg for 15 min. The supernatant, amounting to
about 180 mL, was allowed to pass once through a membrane
filter with a pore size 0f 0.45 pm, and the filtrate was aliquoted
into 70 mL ultracentrifuge tubes, followed by ultracentrifu-
gation at 4° C. and 100,000xg for 4 hours to afford extracel-
lular vesicles as a pellet. The pellet was suspended in PBS.
[0160] For use in the characterization thereof, the indoor
dust-derived extracellular vesicles were isolated by sucrose
cushion centrifugation. In 35 mL ultracentrifuge tubes were
placed 0.5 mL of 2.5 M sucrose, 1 mL of 0.8 M sucrose and
32 mL of the filtrate free of large-size substance in the order,
followed by ultracentrifugation at 4° C. and 100,000xg for 4
hours. The extracellular vesicles were located between the 2.5
M sucrose layer and the 0.8 M sucrose layer at which their
density matched that of the surrounding sucrose. The extra-
cellular vesicle layer was obtained after removing the layers
from the top of the tube.

[0161] FIG. 1is a process illustrating the isolation of extra-
cellular vesicles from indoor dust. FIG. 2 shows indoor dust-
derived extracellular vesicles that are generally spherical with
a size of from 50 to 100 nm and consist of lipid bilayers as
analyzed by TEM (transmission electron microscope).
[0162] From the results, it is concluded that indoor dust
contains extracellular vesicles and that extracellular vesicles
are present in indoor air.

Example 2

Pathogenesis of Inflammatory Respiratory Diseases
(Lung Inflammation) Induced by Indoor Dust

[0163] An experiment was conducted to examine whether
indoor dust causes inflammatory respiratory diseases.

[0164] Inthisregard, 100 ng ofindoor dust, whether passed
through a 40 um filter or not, was solubilized in 30 pl of PBS.
The dust in PBS (phosphate buffered saline) was adminis-
tered to the airway of C57BL/6 mice (6 weeks old, female),
divided into groups of five on day 0, 1, 7, 8, 14 and 15, with
PBS alone serving as a control. On day 16, the lung inflam-
mation of mice was examined.

[0165] The mice were anesthetized by the intraperitoneal
injection of a mixture of ketamine and xylazine. A vertical
midline incision was made through which the trachea was
opened so that a catheter was inserted into the airway, fol-
lowed by ligation. The airway was washed twice with 1 mL of
germ-free PBS. The bronchoalveolar lavage, (BAL) fluid thus
obtained was centrifuged at 4° C. and 800xg for 10 min and
the cell pellet was suspended in PBS. The cells were then
spread over a slide by cytospin and stained with Diff Quick.
Over 300 inflammatory cells were observed in a visual field
magnified by 1000 times under an optical microscope and
classified as basophils, lymphocytes, neutrophils, and eosi-
nophils. Their counts were determined.

[0166] FIG. 3 is a diagram illustrating a protocol for induc-
ing an inflammatory respiratory disease (lung inflammation)
by intranasal injection of indoor dust. FIG. 4 is a graph show-
ing inflammatory cell counts of BAL fluid.

[0167] Asisapparent from the data of FIG. 4, the intranasal
administration of indoor dust causes lung inflammation (BAL
cell counts increased), with a great increase in neutrophilic
infiltration. After large-size substances were removed there-
from by passage through a 40 pum filter, the dust (filtered dust),
when intranasally administered, caused neutrophilic lung
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inflammation, indicating that of the dust components, the
substance causative of neutrophilic lung inflammation is
smaller in size than 40 pm.

[0168] Inconsequence,indoor dust, when inhaled by mam-
mals, may cause a respiratory disease characterized by neu-
trophilic inflammation.

Example 3

Immunological Pathology of Neutrophilic Inflamma-
tion Induced by Indoor Dust

[0169] In relation to the pathogenicity of indoor dust for
neutrophilic inflammation as revealed in Example 2, an
experiment was conducted to examine the immunological
mechanism.

[0170] First, a pneumonectomy was performed on the mice
in which lung inflammation was induced as in Example 2. The
lung thus excised was minced with a razor and incubated with
collagenase type IV at 37° C. for 10 min. Then, the minced
tissue was filtered through a cell strainer, followed by spin-
ning at 4° C. and 800xg for 10 min.

[0171] The harvested cells were suspended for 10 minin a
hemolysis solution to lyze red blood cells, followed by spin-
ning again under the same conditions as above. Cells were
counted using a hematocytometer and suspended at a density
of 2x10° cells/ml in RPMI1640 supplemented with 10% FBS
(fetal bovine serum) and antibiotics. The cells were seeded
into 48-well plates one day before which the 48-well plates
were coated with anti-CD3 and anti-CD28 antibodies by
maintaining a 1 pg/ml antibody solution in PBS in an amount
of 250 pl per well at 4° C. for 10~18 hours.

[0172] Then, the 48-well plates were washed with PBS to
remove antibodies that did not adhere to the plate wall, but
remained in free form. The pulmonary cells were placed in the
plates and maintained for 4 hours. Afterwards, the cells were
incubated for an additional 2 hours in the presence of 10
ng/ml brefeldin A, an antibiotic that inhibits the extracellular
transport of proteins, so as to accumulate extracellular cytok-
ines inside the cells. After incubation, the cells were stained
for 30 min with fluorescence-labeled antibodies against CD4
(FITC), CD8 (PE-Cy5) and CD3 (APC). In 30 minutes, the
cells were washed by centrifugation at 4° C. and 800xg for 10
min and treated with 4% formalin to form pores on the surface
thereof through which antibodies against cytokines might
readily enter the cells. After treatment with formalin for 10
min, the cells were stained for 30 min with fluorescence-
conjugated antibodies against IFN-y (PE), IL-4 (PE), IL-10
(PE), and IL-17 (PE). Using FACS Calibur, the expression
levels of cytokines in T cells that infiltrated into pulmonary
tissues were measured.

[0173] FIG. 5 shows expression levels of cytokines in
CD4+ T cells as measured by flow cytometry when they are
treated as described above. In FIG. 5, filtered dust is the dust
after passage through a 40 um filter as in FIG. 2. The adaptive
immunity of T cells is largely classified as Th1 type response
to secrete IFN-y, Th2 type response to secrete IL-4, and Th17
type response to secrete 1L-17.

[0174] As can be seen in FIG. 5, the mice in which lung
inflammation was induced by dust had a higher population of
CD4+ T cells secreting IFN-y and IL-17 than did the control
(PBS). The dust obtained after 40 um filtration further
increased the counts of CD4+ T cells secreting 1L-17. These
data demonstrate that neutrophilic lung inflammation
induced by indoor dust is mediated by CD4*T cells (Th1 and
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Th17) secreting IFN-y and IL-17. Thl- and Th17-mediated
immune responses are immunologically hypersensitive reac-
tions that may be involved in the pathology of inflammatory
respiratory diseases on the airway and lung parenchyma, such
as severe asthma, chronic obstructive pulmonary disease,
bronchiolitis, pneumonia, as well as the onset of lung cancer.
IFN-y, secreted from Th1 cells, accounts for the pathology of
emphysema and IL-17, secreted from Th17 cells, plays an
important role in the onset of lung cancer.

[0175] From these results, it is understood that indoor dust
induce Thl- and Thl7-mediated immune responses which
lead to the onset of inflammatory respiratory diseases char-
acterized by neutrophilic inflammation, such as asthma,
chronic obstructive pulmonary disease, bronchiolitis and
pneumonia, as well as lung cancer.

Example 4

In vitro Innate Immunity Induced by Extracellular
Vesicles in Indoor Air

[0176] The presence of extracellular vesicles in indoor
dust, that is, indoor air was verified in Example 1. In this
Example, extracellular vesicles isolated from indoor dust
were evaluated in vitro for their ability to be pathogenic and
provoke an innate immune response. For this, mouse mac-
rophages (RAW 264.7) were treated with indoor dust-derived
extracellular vesicles.

[0177] Indoor dust was solubilized in PBS to separate
extracellular vesicles and soluble components. The induction
of innate immune responses by the vesicles and the water-
soluble components was examined in vitro by applying them
to mouse macrophages and measuring cytokine levels in the
culture media. The results are shown in FIG. 6.

[0178] In detail, mouse macrophages (RAW?264.7) were
seeded at a density of 1x10° cells/well into 24 well plates and
maintained for 24 hours. After the cells were washed with
PBS, a fresh DMEM medium was added to the cells which
were then incubated for 15 hours with dust-derived extracel-
lular vesicles (Dust-EV, 0.1 pg/ml) and soluble components
(Dust-soluble, 8 pg/ml), separately. The culture media were
harvested and centrifuged at 4° C. and 800xg for 10 min.
Cytokines in the supernatant were quantitatively analyzed by
enzyme linked immunosorbent assay (ELISA).

[0179] Ascanbeseenin FIG. 6, the secretion of INF-ae was
induced by both the dust-EV and the dust-soluble extracellu-
lar vesicles while IL-6 was induced mainly by the dust-EV to
secrete. This indicates that the extracellular vesicles in indoor
dust are mainly responsible for IL-6-mediated inflammation.
[0180] Inaddition, cytokine levels were measured after the
cells were treated with 100 ng/ml and 1 pg/ml of the extra-
cellular vesicles in the same manner as described above. The
secretion of both TNF-a and IL-6 was increased in a dose-
dependent manner (FIG. 7).

[0181] It is well known that LPS, found in the outer mem-
brane of Gram-negative bacteria, acts as an endotoxin to
induce innate immune responses and that it has been detected
in indoor dust. FIG. 8 shows the roles of LPS (in the presence
of'the LPS inhibitor PMB (PolymyxinB)) and proteins (ther-
mally denatured) in the immune responses induced by indoor
dust-derived extracellular vesicles. The vesicle-induced
secretion of TNF-a was significantly decreased upon PMB or
thermal treatment. PMB also significantly reduced the
vesicle-induced secretion of IL-6 whereas thermal treatment
rather increased the secretion.
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[0182] From the result of Example 3, it is inferred that
indoor dust might induce Th17-mediated immune responses,
causing neutrophilic lung inflammation. In addition, the
result of Example 4 means that the neutrophilic lung inflam-
mation upon the induction of Thl7-mediated immune
responses by indoor dust is closely correlated with the dust-
EV-induced increase of IL-6 secretion. That is, extracellular
vesicles in indoor air stimulate the secretion of IL-6, a cytok-
ine responsible for the differentiation of T cells into Th17,
thus inducing Th17-mediated immune responses and in turn
causing neutrophilic lung inflammation. In addition, the
pathogenicity of the vesicles to induce inflammatory respira-
tory disease may be accounted for by LPS.

Example 5

In vivo Innate Immune Response Induced by Extra-
cellular Vesicles in Indoor Air

[0183] In addition to the in vitro innate immune responses
verified in Example 5, the in vivo innate immune response to
the extracellular vesicles present in indoor air was evaluated
according to the experiment protocol of FIG. 9.

[0184] CS57BL/6 mice (6 weeks old, female, four in each
group) were intranasally administered once with 0.01, 0.1 or
1 mg of indoor dust-derived extracellular vesicles in 30 ul of
PBS. Mice injected with PBS alone were used as a control.
Twenty four hours after administration, the mice were anes-
thetized and bronchoalveolar lavage fluid was obtained. The
bronchoalveolar lavage fluid was centrifuged at 4° C. and
800xg for 10 min and the cell pellet was suspended in PBS
before counting inflammatory cells introduced into the air-
way.

[0185] FIG. 10 is of graphs showing the counts of inflam-
matory cells in bronchoalveolar lavage (BAL) fluid, which
are an index for lung inflammation. As can be seen in FIG. 10,
the injection of extracellular vesicles (Dust-EV) increased the
inflammatory cell count of BAL fluid over the control (PBS)
and in a dose-dependent manner. As for 1L-6, a cytokine
playing an essential role in provoking Thl7-mediated
immune responses, its secretion increased with an increase in
the dose of the extracellular vesicles.

[0186] From these results, it is apparent that extracellular
vesicles isolated from indoor dust induce innate immune
responses in vitro and in vivo and promote the secretion of
IL-6, thus inducing Th17-mediated immune responses and in
turn causing respiratory diseases characterized by neutro-
philic lung inflammation.

Example 6

In vivo Acquired Immune Response Induced by
Extracellular Vesicles in Indoor Air

[0187] According to the protocol of FIG. 11, an experiment
was conducted to evaluate the induction of the in vivo
acquired immune response by indoor dust-derived extracel-
lular vesicle.

[0188] CS57BL/6 mice (6 weeks old, female, four in each
group) were intranasally administered twice a week for three
weeks with 1 pg of indoor dust-derived extracellular vesicles
in 30 pl of PBS. In addition, the vesicles were administered
together with PMB so as to examine the presence and role of
LPS therein. Twenty four hours after injection, clinical analy-
sis was performed.
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[0189] FIG. 12 shows counts of inflammatory cells in BAL
fluid, which are an index for lung inflammation. A significant
increase was detected in the count of extracellular vesicle-
administered group (Dust-EV), compared with that of the
control (PBS). Further, the count of inflammatory cells was
low after treatment with indoor dust-derived extracellular
vesicles in the presence of PMB (Dust-EV+PMB), in contrast
to vesicles alone. These results indicate that repetitive expo-
sure to extracellular vesicles in indoor air causes neutrophilic
inflammation, with LPS in the vesicles serving as a causative
factor therefor.

[0190] Moreover, the immunological mechanism associ-
ated with the onset of lung inflammation was evaluated.
Immune cells were separated from local lymph nodes and
analyzed for the expression levels of IFN-y and 1L.-17. The
results are shown in FIG. 13. Compared to PBS, as can be
seen, indoor dust-derived vesicles increased the count of T
cells, particularly those secreting IFN-y and IL-17, in local
lymph nodes. In addition, the presence of PMB, in spite of
treatment with extracellular vesicles, reduced the count of T
cells including those secreting IFN-y and IL-17 in local
lymph nodes.

[0191] FIG. 14 shows levels of antibodies against indoor
dust-derived vesicles in sera as measured by ELISA. As is
apparent from the data of FIG. 14, the levels of IgG1 and
IgG2a specific for indoor dust-derived vesicles were signifi-
cantly increased after injection with the vesicles, but reduced
to almost the same as those of the PBS group when injected
with the vesicles in combination with PMB.

[0192] From these results, it can be understood that extra-
cellular vesicles in indoor air stimulate Th1- and Th17-me-
diated immune responses, resulting in lung inflammation
characterized by neutrophilic inflammation, with their LPS
playing an important role in the pathogenesis. Further, extra-
cellular vesicles in indoor air, when inhaled, provoke the
production of IgG1 and IgG2 antibodies specific therefor so
that the analysis of vesicle-specific antibodies allows the
identification of pathogenic vesicles to which the body has
been repetitively exposed.

Example 7

Presence of E. coli-Derived Extracellular Vesicles in
Indoor Air

[0193] Examples 5 and 6 showed how LPS is mainly
responsible for in vivo innate and acquired immune responses
induced by extracellular vesicles in indoor air. Because LPS
is a lipoglycan found in the outer membrane of Gram negative
bacteria, vesicles with LPS are certainly derived from Gram-
negative bacteria.

[0194] Previously, the present inventors had reported that
E. coli, a Gram-negative bacterium, is present in indoor air
and releases extracellular vesicles that contain LPS as well as
proteins inducing immune and inflammatory responses.
Thus, a genotyping examination was made to see whether
extracellular vesicles isolated from indoor dust contained E.
coli-derived extracellular vesicles.

[0195] In this context, extracellular vesicles isolated from
indoor dust were genetically analyzed using E. coli-specific
16s rRNA primers. The extracellular vesicles were heated at
100° C. for 20 min to elute DNA and RNA which were then
used as a template for synthesizing cDNA. Two-step poly-
merase chain reaction (PCR) was performed on the cDNA in
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the presence of E. coli-specific 16s rRNA primers, with 40
cycles of 94° C. for 40 sec and 72° C. for 40 sec.

[0196] As a result, similar genotypes of 16s RNA were
observed between E. coli-derived extracellular vesicles (E.
coli-EV) and indoor dust-derived extracellular vesicles
(Dust-EV) (FIG. 15).

[0197] Also, vesicular proteins were compared between E.
coli-EV and Dust-EV. To this end, Western blotting was per-
formed with antibodies for E. coli-derived extracellular
vesicles (anti-%. coli EV Ab). As a result, proteins reacting
with E. coli-derived vesicle-specific antibodies were detected
in both a dust pellet containing bacteria and indoor dust-
derived vesicles (FIG. 15).

[0198] From these results, it is apparent that extracellular
vesicles derived from E. coli exist in indoor air.

Example 8

In vivo Innate Immune Response Induced by E. coli-
Derived Extracellular Vesicles

[0199] E. coli-derived extracellular vesicles exist in indoor
air as evidenced in Example 7. Based on this, the in vivo
innate immune responses of E. coli-derived extracellular
vesicles were evaluated.

[0200] E. coli-derived extracellular vesicles were isolated
from an E. coli culture. E. coli was inoculated into 3 ml of LB
broth in a test tube and cultured at 37° C. for 4 hour. From the
culture, 10 pL was transferred to eight 2 L-Erlenmeyer flasks,
each containing 500 ml of LB broth, and incubated at 37° C.
for 4 hours. All the cultures were equally assigned to 12 350
ml -ultracentrifuge tubes and spun twice in succession at 4°
C. and 5,000xg for 15 min. Nearly 4 L of the supernatant was
allowed to pass once through a membrane filter with a pore
size 0of 0.45 um, and the filtrate was concentrated to a volume
01300 mL using the Quixstand system with 100 kDa cutoff.
After one passage of the concentrate through a membrane
filter with a pore size of 0.22 pm, the resulting filtrate was
ultra-centrifuged at 4° C. and 150,000xg for 3 hours in 50
ml -ultracentrifuge tubes. The pellets thus formed were re-
suspended in PBS to separate extracellular vesicles derived
from E. coli.

[0201] The immune responses induced by E. coli-derived
extracellular vesicles were examined. C57BL/6 mice (6
weeks old, female, 4 in each group) were intranasally admin-
istered once with 1, 10, and 100 ng of E. coli-derived extra-
cellular vesicles in 30 pl of PBS, 2, 8 and 24 hours after which
secreted inflammatory cytokines were quantitatively ana-
lyzed. The mice were anesthetized as described above and
sacrificed to obtain their BAL fluid.

[0202] FIG. 16 shows the levels of inflammatory cytokines
induced by E. coli-derived extracellular vesicles in the BAL
fluid. As shown in the graphs, the levels of INF-c. and IL-6 in
the BAL fluid increased in a dose-dependent manner for 8
hours after administration of the vesicles.

Example 9

Induction of Lung Inflammation Induced by Repeti-
tive Administration of E. coli-Derived Extracellular
Vesicles

[0203] Based on the fact, disclosed in Example 8, that E.
coli-derived vesicles induce the secretion of IL-6, an inducer
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of Th17-mediated immune responses, in a dose-dependent
manner, the vesicles were repetitively administered to induce
lung inflammation.

[0204] According to the protocol of FIG. 17, C57BL/6
mice (6 weeks old, female, 4 in each group) were intranasally
administered twice a week for three weeks with 10 and 100 ng
of the extracellular vesicles in 30 ul of PBS. An evaluation
was made 24 hours after the final administration.

[0205] FIG. 18 is a graph showing counts of inflammatory
cells in BAL fluid, which are the index for lung inflammation.
The count of inflammatory cells was higher upon the admin-
istration of E. coli-derived extracellular vesicles (EC-EV),
compared to the control (PBS), and increased in a dose-
dependent manner.

Example 10

Emphysema Induced by E. coli-Derived Extracellu-
lar Vesicles

[0206] On the basis of the fact, disclosed in Example 9, that
the repetitive administration of E. coli-derived extracellular
vesicles for three weeks induces lung inflammation in a dose-
dependent manner, a high dose of the vesicles was injected
many times for 4 weeks so as to elicit a histological change.
[0207] According to the protocol of FIG. 19, 100 ng of E.
coli-derived extracellular vesicles in 30 pl of PBS was intra-
nasally injected twice a week for 4 weeks into C57BL/6 mice
(6 weeks old, female, 4 in each group), 24 hours after which
a histological change was examined.

[0208] FIG. 20 shows alveolar tissues. As shown in the
photographs of FIG. 20, emphysema characterized by
destroyed alveoli was found in the group administered with E.
coli-derived vesicles and the chord length was greatly
increased upon the administration of the vesicles, compared
to the control.

[0209] This result means that repetitive exposure to a high
dose of E. coli-extracellular vesicles leads to the onset of
emphysema characterized by irreversible obstruction of the
airway.

Example 11

Preparation of Crude Extract from House Dust Mites
in Indoor Air and Isolation and Characterization of
Extracellular Vesicles

[0210] Extracellular vesicles were isolated from house dust
mites (HDM) and characterized.

[0211] To this end, 20 g of HDM, purchased from the
Arthropods of Medical Importance Resource Bank, Yonsei
University, was placed in 500 mL of PBS in a clean beaker
and stirred at 4° C. for 24 hours. Thereafter, the PBS was
assigned to high speed centrifuge tubes and centrifuged twice
in succession at 4° C. and 10,000xg for 15 min. The super-
natant, amounting to 450 ml, was passed once through a
membrane filter with a pore size of 0.22 pm, followed by the
ultracentrifugation of the filtrate in 70 ml-ultracentrifuge
tubes at 4° C. and 100,000xg for 3 hours. The pellet thus
formed was suspended in PBS.

[0212] For characterization, the extracellular vesicles were
further purified using Opti-prep solution. A suspension of the
pelletin 4.8 mL of 50% Opti-prep solution was placed ina 10
ml-ultracentrifuge tube, followed by the addition of 3 mL of
a 40% Opti-prep solution and 2.5 mL of 10% Opti-prep
solution to the suspension in that order. A white layer between
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the 40% Opti-prep solution and the 10% Opti-prep solution
formed after ultracentrifugation at 4° C. and 100,000xg for 2
hours. Liquid was sequentially removed from the top in 1 mL
portions, assigned to new respective tubes and mixed with 9
mL of PBS in each tube. Ultracentrifugation of the mixture in
10 mL ultracentrifuge tubes at 4° C. and 100,000xg for 2
hours afforded extracellular vesicles as a pellet. This pellet
was dissolved in 1 mL of PBS.

[0213] FIG. 21 shows the procedure by which extracellular
vesicles were separated from house dust mites. FIG. 22 shows
that extracellular vesicles of house dust mites are generally
spherical with a size of 100-200 nm and consist of lipid
bilayers as analyzed by TEM (transmission electron micros-
copy) and DLS (dynamic light scattering).

[0214] These results demonstrate that extracellular vesicles
are present in an extract from house dust mites.

Example 12

In Vitro Innate Immune Response Induced by Extra-
cellular Vesicles Derived from House Dust Mites in
Indoor Air

[0215] The presence of extracellular vesicles in house dust
mites was verified in Example 11. In this Example, extracel-
lular vesicles isolated from house dust mites were evaluated
in vitro for pathogenicity to provoke innate immune
responses. For this, mouse macrophages (RAW 264.7) were
treated with extracellular vesicles derived from house dust
mites.

[0216] In detail, mouse macrophages (RAW264.7) were
seeded at a density of 1x10° cells/well into 24 well plates and
grown for 24 hours. After the cells were washed with PBS, a
fresh DMEM medium was added to the cells which were then
incubated for 15 hours with 100 ng, 1 pg and 10 pg of house
dust mite-derived extracellular vesicles (HDM-EV). The cul-
ture media were harvested and centrifuged at 4° C. and 800xg
for 10 min. Cytokines in the supernatant were quantitatively
analyzed by enzyme linked immunosorbent assay (ELISA).
[0217] As can be seen in FIG. 23, the secretion of INF-a
and IL-6 was induced by HDM-EV and increased in a dose-
dependent manner.

Example 13

In Vivo Innate Immune Response Induced by Extra-
cellular Vesicles Derived from House Dust Mites in
Indoor Air

[0218] Extracellular vesicles present in house dust mites as
evidenced in Example 11 were found to induce immune
responses as measured in Example 12. Based on these find-
ings, the in vivo innate immune response to HDM-EV was
evaluated.

[0219] CS57BL/6 mice (6 weeks old, female, five in each
group) were intranasally administered once with 0.1, 1 and 10
ng of HDM-EV in 30 pl of PBS, 12 hours after which the
infiltration of inflammatory cells and the secretion of inflam-
matory cytokines were quantitatively analyzed. Mice admin-
istered with PBS alone were used as a control. The mice were
anesthetized as described above and sacrificed to obtain BAL
fluid.

[0220] FIG. 24 is a graph showing counts of inflammatory
cells in BAL fluid, which are the index for lung inflammation.
The count of inflammatory cells was higher upon the admin-
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istration of HDM-EV, compared to the control (PBS), and
increased in a dose-dependent manner.

[0221] FIG. 25 shows the levels of inflammatory cytokines
in BAL fluid. As shown in the graphs of FIG. 25, the admin-
istration of HDM-EV increased the levels of INF-a and IL-6
in BAL fluid in a dose-dependent manner, with a significant
increase of INF-o. and IL-6 at a dose of 10 ng of the vesicles.

Example 14

Induction of Lung Inflammation Induced by Repeti-
tive Administration of Extracellular Vesicles Derived
from House Dust Mites in Indoor Air

[0222] HDM-EV induces immune responses as verified in
Example 13. In this Example, HDM-EV was examined for its
ability to provoke an acquired immune response in vivo.
[0223] C57BL/6 mice (6 weeks old, female, five in each
group) were intranasally injected with 10 pg of HDM-EV
once a day for three days for sensitization and then twice a
week for two weeks. An evaluation was made of the infiltra-
tion of inflammatory cells and the secretion of inflammatory
cytokines 24 hours after the final administration.

[0224] FIG. 26 shows the infiltration of inflammatory cells.
As can be seen, a greatly increased level of inflammatory
cells, especially neutrophils, was found in the bronchoalveo-
lar lavage fluids of the group administered with HDM-EV,
compared to the control group (PBS).

[0225] FIG. 27 shows the expression levels of cytokines in
BAL fluid, as measured by ELISA for analyzing an acquired
immune response. As can be seen, the administration of
HDM-EV significantly increased the levels of IL.-17, secreted
from Th17 cells.

[0226] These results show that the inhalation of extracellu-
lar vesicles present in house dust mites may cause neutro-
philic inflammation characterized by a Thl7-mediated
immune response.

Example 15

Cultivation and Identification of Bacteria and Mould
Present in Indoor Dust

[0227] Extracellular vesicles found in indoor air may be
produced by various bacteria or fungi that live in indoor dust.
Dust was collected from bedclothes using a vacuum cleaner.
The dust arrested by the filter of the vacuum cleaner was
transferred to a clean vial and weighed. Five grams of the dust
was solubilized at 4° C. for 12 hours in 200 mL of PBS in a
beaker. Large-size substances were filtered out through
gauze. This dust solution was diluted Y10 and the dilution was
spread over plates containing the culture medium. Incubation
visualized the appearance of bacteria and fungi. As seen in
FIG. 28, various bacteria and fungi live in indoor dust.

[0228] Then, an experiment was performed to isolate and
identify the bacteria living in indoor dust. FIG. 29 shows a
process of isolating bacteria from indoor dust. Dust, after
being harvested from bedclothes, was solubilized as
described in Example 1 and substances of large size were
removed using a gauze filter. The dust solution was diluted Yo
and spread over plates containing a culture medium. Incuba-
tion under predetermined conditions visualized the growth of
various colonies which are different in size and color from
each other. Each colony was inoculated into 3 mL of nutrition
broth in a test tube and cultured at 37° C. The bacteria were
identified using VITEK, an automated system for identifying
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microbes using a biochemical method. As a result, the Gram-
positive bacteria Staphylococcus aureus, and Staphylococcus
hominis were identified.

[0229] Hence, it can be seen that Gram positive bacteria
present in indoor dust are among the organisms secreting
extracellular vesicles.

Example 16

In Vitro Immune Responses Induced by Staphylococ-
cus aureus-Derived Extracellular Vesicles

[0230] Recently, the present inventors first reported the
secretion of extracellular vesicles from the Gram-positive
bacteria Staphylococcus aureus. Extracellular vesicles were
isolated from a culture of S. aureus as described in Example
1 and examined for their pathogenenicity for respiratory dis-
eases.

[0231] In detail, S. aureus was inoculated into 3 ml of LB
broth in a test tube and cultured at 37° C. for 6 hour. From the
culture, 5 mL was transferred to 500 ml of nutrient broth in a
2 L-Erlenmeyer flask and incubated at 37° C. for 4 hours to an
0O.D. (600 nm) of 1.0. All the culture was equally distributed
to 500 mL-ultracentrifuge tubes and spun at 4° C. and
10,000xg for 20 min. The supernatant devoid of cells was
passed once through a membrane filter with a pore size 0£0.45
um, and the filtrate was 25-fold concentrated using the Quix-
stand system with 100 kDa cutoft. After one passage of the
concentrate through a membrane filter with a pore size 0f 0.22
um, the resulting filtrate was ultra-centrifuged at 4° C. and
150,000xg for 3 hours in 70 mL-ultracentrifuge tubes. The
pellets thus formed were re-suspended in PBS to separate
extracellular vesicles derived from S. aureus.

[0232] For use in the in vitro testing of the immune
responses to S. aureus-derived extracellular vesicles, mouse
macrophages (RAW264.7) were seeded at a density of 1x10°
cells/well into 24-well plates, grown for 24 hours and then
washed with PBS to remove FBS (fetal bovine serum). The
macrophages in DMEM treated with 1 and 10 pg/ml of S.
aureus-derived extracellular vesicles were used as controls.
For test groups, S. aureus-derived extracellular vesicles that
had been boiled at 100° C. for 20 min were used. After the
cells were incubated with the extracellular vesicles for 15
hours, the culture media were harvested and centrifuged at 4°
C. and 800xg for 10 min. Levels of cytokines in the superna-
tants were determined using ELISA (enzyme linked immun-
osorbent assay). FIG. 30 is of graphs showing the expression
levels of the representative inflammatory cytokines TNF-o.
and IL-6.

[0233] As can be seen in FIG. 30, the level of TNF-a was
reduced by half in the group treated with 1 pug/ml of the
thermally treated extracellular vesicles (Heat-S-EV), but
were not significantly changed upon treatment with 10 pg/ml.
In contrast, the level of IL-6 was significantly decreased in the
groups treated with thermally treated S. aureus-derived extra-
cellular vesicles (Heat-S-EV), irrespective of their concentra-
tions.

[0234] From these results, it is understood that a protein or
heat-susceptible component in S. aureus-derived extracellu-
lar vesicles plays an important role in IL-6-mediated inflam-
mation.

Example 17

In Vivo Innate Immune Response and Lung Inflam-
mation Induced by S. aureus-Derived Extracellular
Vesicles

[0235] To evaluate the in vivo immune responses induced
by S. aureus-derived extracellular vesicles, C57BL/6 mice (6
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weeks old, female, three in each group) were administered via
the airway with 1 and 10 pug of S. aureus-derived extracellular
vesicles in PBS for test groups and with PBS alone for a
control. On the next day after the injection of the extracellular
vesicles, early lung inflammation and the level of IL-6 were
examined (protocol of FIG. 31).

[0236] FIG. 32 is a graph showing counts of inflammatory
cells in BAL fluid after administration with S. aureus-derived
extracellular vesicles (S-EV) via the airway. The inflamma-
tory cell count of BAL fluid increased in a dose-dependent
manner, with the preponderance of inflammatory cells being
neutrophils.

[0237] Also, the level of IL-6, essential to generate a Th17-
mediated immune response, in BAL fluid was determined
using ELISA. As shown in FIG. 33, S. aureus-derived extra-
cellular vesicles (S-EV) increased the expression level of
IL-6 in a dose-dependent manner.

[0238] From these results, it is apparent that the inhalation
of S. aureus-derived extracellular vesicles causes neutro-
philic lung inflammation and stimulates the production of
IL-6, a key player in the Th17-mediated immune response.

Example 18

Role of Protein or Heat-Susceptible Component in
Innate Immune Responses Induced by S. aureus-
Derived Extracellular Vesicles

[0239] Inaddition to the in vitro experiment of Example 16,
the role of proteins in S. aureus-derived extracellular vesicles
in the generation of an innate immune response was examined
in vivo.

[0240] C57BL/6 mice (6 weeks old, female, three in each
group) were administered through the airway with 1 and 10
ng of extracellular vesicles serving as a control. After being
boiled at 100° C. for 20 min, the extracellular vesicles were
administered to a test group. On the next day after the admin-
istration, early lung inflammation and the level of IL-6 in the
mice were examined (protocol of FIG. 34).

[0241] FIG. 35 is a graph showing inflammation in BAL
fluid after the administration of S. aureus-extracellular
vesicles through the airway. There was no significant differ-
ence in inflammation (inflammatory cell count of BAL fluid)
between the group administered with 10 pg of thermally
treated extracellular vesicles (Heat-S-EV 10 pg) and the con-
trol (S-EV 10 pg).

[0242] FIG. 36 is a graph showing the level of IL-6 in BAL
fluid as measured by ELISA. Unlike lung inflammation, as
shown in the graph, the level of IL-6 was significantly reduced
in the groups administered with thermally treated S. aureus-
derived extracellular vesicles (1 pg, 10 pug), compared to the
control.

[0243] Hence, it was confirmed that a protein or heat-sus-
ceptible component of S. aureus-derived extracellular
vesicles plays an important role in the induction of an IL-6-
mediated immune response and inflammatory respiratory
disease.

Example 19

Immunological Properties of E. coli-Derived Extra-
cellular Vesicles

[0244] E. coli-derived extracellular vesicles prepared in
Example 8 were intraperitoneally injected into C57BL/6
mice (male, 6 weeks old, 10 in each group) at a dose of 1 pg
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three times over three weeks at regular intervals of one week.
Blood samples were taken 6 and 24 hours and 7 days after
each injection and used to examine antibodies specific for the
extracellular vesicles. After being diluted 1:500 in 1% BSA/
PBS, the mouse serum was added to black 96-well plates
coated with 200 ng of E. coli-derived vesicles per well. After
incubation for 2 hours, an observation was made of the immu-
nological change with a peroxidase-conjugated anti-mouse
antibody.

[0245] FIG. 37 is a graph in which levels of E. coli-derived
extracellular vesicle (EC_EV)-specific antibodies in the
mouse blood are plotted against time. The extracellular
vesicle-specific antibodies started to form 7 days after the first
injection of extracellular vesicles and was amplified by the
second and the third injection of the extracellular vesicles,
with a peak at 7 days after the third injection.

[0246] Seven days after the three injections of E. coli-de-
rived extracellular vesicles (EC_EV) were completed, sple-
nocytes were isolated from the mice. The splenocytes (2x10%)
were incubated for 72 hours with 100 ng of E. coli-derived
extracellular vesicles, followed by ELISA to quantitatively
analyze IFN-y, IL-17 and IL.-4, all secreted from splenocytes.
[0247] FIG. 38 shows the levels of IFN-y secreted from
mouse splenocytes upon treatment with E. coli-derived extra-
cellular vesicles (EC_EV). As can be seen, a higher level of
IFN-y was secreted from the splenocytes of the. . coli-
derived extracellular vesicle-immunized group, compared to
the sham group.

[0248] FIG. 39 shows the levels of 1L.-17 secreted from
mouse splenocytes upon treatment with E. coli-derived extra-
cellular vesicles (EC_EV). As can be seen, a higher level of
IL-17 was secreted from the splenocytes of the. E. coli-de-
rived extracellular vesicle-immunized group, compared to
the sham group.

[0249] From these results, it is confirmed that immuniza-
tion with E. coli-derived extracellular vesicles activates the
defense system against bacterial infection, including the anti-
body production of B cells and the T cell immune response.
Particularly, as for the T cell immune response, the Thl
immune response responsible for IFN-y secretion and the
Th17 immune response responsible for IL.-17 secretion, both
playing an important role in defense against bacterial infec-
tion, were effectively activated by immunization with E. coli-
derived extracellular vesicles.

Example 20

Efficacy of E. coli-Derived Extracellular Vesicle Vac-
cine Against E. coli Infection-Induced Sepsis

[0250] For use in evaluating the efficacy of E. coli-derived
extracellular vesicle vaccines, E. coli infection-induced ani-
mal models of sepsis were established. E. coli was intraperi-
toneally injected at a dose of 1x10%, 1x10® and 1x10'° CFU
into C57BL/6 mice (male, 6 weeks old, 10 in each group) the
survival of which were then monitored at regular intervals of
8 hours for 5 days.

[0251] FIG. 40 shows survival rates of the mice infected
with E. coli (EC). As shown in this graph, mice were dead
within 24 hours after the injection of E. coli at a dose of
1x10'° CFU, but did notdie with injections of 1x10° or 1x10®
CFU of E. coli.

[0252] E. coli-derived extracellular vesicles were intraperi-
toneally injected once a week for three weeks at a dose of 0.5
and 1 pg to C57BL/6 mice (male, 6 weeks old, 10 in each
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group) according to the method of Example 19. Seven days
after the three immunizations of the E. coli-derived extracel-
lular vesicles, the mice were intraperitoneally challenged
with 1x10'° CFU of E. coli and their survival rates were
monitored at regular intervals of 8 hours for 5 days. FIG. 41
shows the efficacy of the E. coli-derived extracellular vesicle
vaccines against the F. coli infection-induced sepsis estab-
lished above. Five days after the challenge, the mice were
observed to survive at a rate of 20% when not immunized with
the E. coli-derived extracellular vesicles, but the survival rate
was increased to 80-100% in the mice immunized with the E.
coli-derived extracellular vesicles.

[0253] As described above, E. coli-derived extracellular
vesicles were intraperitoneally injected ata dose of 1 pg once
a week for three weeks to mice which were then intraperito-
neally challenged with 1x10'° CFU of E. coli. Six hours later,
E. coli in ascites and blood were counted and the results are
depicted in FIG. 42.

[0254] FIG. 42 shows E. coli CFU in mice challenged with
and without E. coli-derived extracellular vesicles. After an E.
coli infection, a significantly smaller number of E. coli was
detected in the blood from the mice immunized with E. coli-
derived extracellular vesicles, compared to those not immu-
nized with E. coli-derived extracellular vesicles.

[0255] This data demonstrates that extracellular vesicles
derived from E. coli can be used as a vaccine for effectively
preventing E. coli infections.

Example 21

Efficacy of E. coli-Derived Extracellular Vesicle Vac-
cines Against £. coli-Derived Extracellular Vesicle-
Induced Inflammation

[0256] In order to evaluate the efficacy of the vesicular
vaccine against the inflammation induced by E. coli-derived
extracellular vesicles, C57BL/6 mice (male, 6 weeks old, 5 in
each group) were immunized by intraperitoneal injections of
1 pg of . coli-derived extracellular vesicles once a week for
three weeks according to the method of Example 19. When
sepsis was induced by intraperitoneal injection of E. coli-
derived extracellular vesicles, the level of inflammatory
cytokines in the serum was measured.

[0257] FIG. 43 shows the levels of IL-6, a cytokine induc-
ing Th17-mediated immune responses, in the sera of mice as
measured 6 hours after three injections of a high dose of E.
coli-derived extracellular vesicles (5 pg). As can be seen,
blood IL-6 levels were significantly decreased in the mice
immunized with E. coli-derived extracellular vesicles, as
compared to non-immunized mice.

[0258] Taken together, the data obtained above indicate that
E. coli-derived extracellular vesicles can be used as an effec-
tive vaccine against inflammation caused by E. coli-derived
extracellular vesicles.

[0259] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims

INDUSTRIAL APPLICABILITY

[0260] The indoor air-derived extracellular vesicles of the
present invention can be used in diagnosing, preventing and/
or treating inflammatory respiratory diseases. In detail, ani-
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mal models of respiratory diseases can be established by
administering the indoor air-derived extracellular vesicles to
animals and can be used to screen and discover drug candi-
dates preventive or therapeutic of respiratory diseases. Also,
the present invention allows the diagnosis of exact pathogenic
factors responsible for the onset of respiratory diseases such
as severe asthma, chronic obstructive pulmonary disease,
lung cancer, etc., and can be applied to the development of
vaccines against the diseases.

1. A composition, comprising extracellular vesicles
derived from indoor air.

2. (canceled)

3. The composition of claim 1, wherein the extracellular
vesicles are secreted from bacteria or fungi present in indoor
air.

4. (canceled)

5. (canceled)

6. (canceled)

7. (canceled)

8. (canceled)

9. (canceled)

10. The composition of claim 1, wherein the extracellular
vesicles are isolated from a culture of bacteria or mold present
in indoor air.

11. (canceled)

12. (canceled)

13. A disease model, established by administering extra-
cellular vesicles derived from indoor air to an animal.

14. (canceled)

15. The disease model of claim 13, wherein the extracel-
lular vesicles are secreted from bacteria or mould present in
indoor air.

16. (canceled)

17. (canceled)

18. (canceled)

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. A method for screening a drug candidate preventive or
therapeutic of a disease, using extracellular vesicles derived
from indoor air.

27. (canceled)

28. (canceled)

29. (canceled)

30. (canceled)

31. (canceled)

32. (canceled)

33. (canceled)

34. (canceled)

35. (canceled)

36. (canceled)

37. The method of claim 26, wherein the drug candidate is
administered to a disease model established by administering
extracellular vesicles derived from indoor air to an animal.

38. The method of claim 26, wherein the extracellular
vesicles are applied, together with the drug candidate, to cells
in vitro.

39. (canceled)

40. (canceled)

41. (canceled)
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42. A vaccine for preventing or treating a disease, compris-
ing extracellular vesicles derived from indoor air.

43. (canceled)

44. (canceled)

45. The vaccine of claim 42, wherein the extracellular
vesicles are secreted from bacteria or mould present in indoor
air.

46. (canceled)

47. The vaccine of claim 42, wherein the extracellular
vesicles are mixture of those secreted from two or more
different kinds of bacteria.

48. (canceled)

49. (canceled)

50. The vaccine of claim 42, wherein the extracellular
vesicles are isolated from a culture of bacteria or mould.

51. (canceled)

52. (canceled)

53. The vaccine of claim 42, wherein the extracellular
vesicles are derived from transformed or chemically treated
bacteria or mould.

54. (canceled)

55. The vaccine of claim 42, wherein the extracellular
vesicles are treated with a chemical compound.

56. (canceled)

57. A vaccine for preventing or treating infection, compris-
ing extracellular vesicles derived from indoor air.

58. (canceled)

59. (canceled)

60. (canceled)

61. (canceled)

62. (canceled)

63. (canceled)

64. (canceled)

65. (canceled)

66. (canceled)

67. (canceled)

68. (canceled)

69. (canceled)

70. (canceled)

71. (canceled)

72. (canceled)

73. A method for diagnosing diseases by using extracellu-
lar vesicles derived from indoor air.

74. A method for measuring the quality of indoor air by
using extracellular vesicles derived from indoor air.

75. The method of claim 73, wherein the disease caused by
extracellular vesicles is selected from the group consisting of
rhinitis, sinusitis, nasopharyngeal cancer, asthma, chronic
obstructive pulmonary disease, bronchitis, bronchiectasis,
bronchiolitis, pneumonia, lung cancer, and sepsis.

76. (canceled)

77. The method of claim 73, wherein comprising analyzing
a base sequence of a genetic substance present within the
extracellular vesicles.

78. The method of claim 73, wherein comprising analyzing
a protein present in the extracellular vesicles.

79. The method of claim 73, wherein comprising analyzing
an immune response to the extracellular vesicles present in
indoor air.

80. (canceled)

81. The method of claim 74, wherein the measuring uses
dusts present in indoor air.

82. (canceled)

83. (canceled)
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84. A method for preventing onset or exacerbation of a
disease, comprising deactivating or removing extracellular
vesicles present in indoor air.

85. (canceled)

86. (canceled)

87. The method of claim 84, wherein the deactivating com-
prises thermally treating or treating chemical compound spe-
cific for the extracellular vesicles.

88. (canceled)

89. (canceled)

90. (canceled)

91. (canceled)

92. (canceled)

93. (canceled)

94. (canceled)

95. (canceled)

96. (canceled)

97. (canceled)

98. (canceled)

99. (canceled)

100. (canceled)

101. (canceled)
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102. (canceled)

103. (canceled)

104. (canceled)

105. (canceled)

106. (canceled)

107. (canceled)

108. (canceled)

109. (canceled)

110. (canceled)

111. (canceled)

112. (canceled)

113. (canceled)

114. The method of claim 74, wherein comprising analyz-
ing a base sequence of a genetic substance present within the
extracellular vesicles.

115. The method of claim 74, wherein comprising analyz-
ing a protein present in the extracellular vesicles.

116. The method of claim 74, wherein comprising analyz-
ing an immune response to the extracellular vesicles present
in indoor air.
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