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MICROASPIRATION-BASED LUNG WINDOW APPARATUS FOR OBTAINING MICROSCOPIC

IMAGE OF IN VIVO LUNG TISSUE AND METHOD FOR OBTAINING IMAGE USING SAME

(57) Disclosed are a microaspiration-based lung win-
dow apparatus for obtaining a microscopic image of in
vivo lung tissue and a method for obtaining an image
using same. The present invention provides a lung win-
dow apparatus comprising: an open window which has
the upper part and lower part open, a cover glass placed
over the upper part and lung tissue coming in contact
with the lower part; an aspiration tube which extends from
one side of the open window to an aspiration apparatus
and enables the inside of the open window to be in a
vacuum state; and a tilting mount placing unit which ex-
tends from one side of the open window and has placed
thereon a tilting mount that enables the cover glass and
an object lens of a confocal microscope system to stay
parallel to each other. The present invention enables
maintaining of physiological respiration and circulation
of an animal without interference as well as stable acqui-
sition of cell-level and molecular level microscopic imag-
es of in vivo lung tissue.
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Description

[0001] Thisapplication claims priority from Korean Pat-
ent Application No. 10-2015-0123216, filed on August
31, 2015, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

Technical Field

[0002] The present disclosure relates to a microaspi-
ration-based lung window apparatus for obtaining a mi-
croscopic image of a lung tissue in vivo and a method
for obtaining an image using the same.

Background Art

[0003] A confocal laser scanning microscope using flu-
orescent signals is used to observe cellular-level and mo-
lecular-level phenomenon.

[0004] Unlike other tissues, the pulmonary system pe-
riodically moves due to the respiration process and the
beating of the heart close to it, thus due to such motion
artifacts itis difficult to obtain accurate images when wish-
ing to obtain microscopic images.

[0005] Due to this limit, most molecular biological stud-
ies are performed in the process of extracting, fixing, and
then observing tissues. However, it is difficult to find out,
in living animals, changes in blood vessels, or changes
orinteraction of blood vessels, tissue cells in lung paren-
chyma, and circulating cells including erythrocytes, leu-
kocytes, and thrombocyte.

[0006] Accordingly, it became an important subject to
find out interaction between cells and molecular-level
structures while physiologically maintaining respiration
and circulation of living animals.

[0007] To this end, it is required to develop an imaging
window that allows for observing a molecular biological
mechanism that occurs in a lung system and blood ves-
sels in vivo, and can overcome a motion-artifact of mi-
croscopic images obtained through a confocal micro-
scope.

Detailed Description of the Invention
Technical Problem

[0008] In order to solve these problems in the related
art, the present disclosure provides a microaspiration-
based lung window apparatus for obtaining a microscopic
image of an in vivo lung tissue and a method for obtaining
an image using the same, the apparatus and method
being able to stably obtain cellular-level and molecular-
level microscopic images of a lung tissue in vivo while
physiologically maintaining and not interfering with res-
piration and circulation of an animal.
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Technical Solution

[0009] According to an embodiment, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of a lung tissue in vivo, the
apparatus comprising: an open window configured to
open in upper and lower parts thereof, have a cover glass
placed on the upper part thereof, and have a lung tissue
brought in contact with the lower part thereof;

a suction tube configured to extend to a suction device
from a side of the open window and make the inside of
the open window vacuum; and a tilting mount seat, con-
figured to extend from a side of the open window, in which
a tilting mount is placed to maintain the cover glass and
an objective lens of a confocal microscope system in par-
allel.

[0010] According to an embodiment, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of a lung tissue in vivo, the
apparatus consisting of: an open window configured to
open in upper and lower parts thereof, have a cover glass
placed on the upper part thereof, and have a lung tissue
brought in contact with the lower part thereof;

a suction tube configured to extend to a suction device
from a side of the open window and make the inside of
the open window vacuum; and a tilting mount seat, con-
figured to extend from a side of the open window, in which
a tilting mount is placed to maintain the cover glass and
an objective lens of a confocal microscope system in par-
allel.

[0011] According to an embodiment, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of a lung tissue in vivo, the
apparatus essentially consisting of: an open window con-
figured to open in upper and lower parts thereof, have a
cover glass placed on the upper part thereof, and have
alung tissue brought in contact with the lower part there-
of;

a suction tube configured to extend to a suction device
from a side of the open window and make the inside of
the open window vacuum; and a tilting mount seat, con-
figured to extend from a side of the open window, in which
a tilting mount is placed to maintain the cover glass and
an objective lens of a confocal microscope system in par-
allel.

[0012] The open window may have a conical shape of
which a diameter is increased from its upper part to its
lower part.

[0013] The tilting mount seat may have a plurality of
fastening holes for coupling the tilting mount.

[0014] The open window and the suction tube are
formed in a first plate which has a first body and first
protrusions having a step with respect to the first body
and protrudes from sides of the first body, and

the tilting mount seat is formed in a second plate which
has a second body and second protrusions having a step
with respect to the second body and joining with the first
protrusions.
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[0015] According to another aspect, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of an lung tissue in vivo, the
apparatus comprising: a first plate in which an open win-
dow and a suction tube are formed, wherein the open
window is configured to open in upper and lower parts
thereof, have a cover glass placed on the upper part
thereof, and have a lung tissue brought in contact with
the lower part thereof, wherein the suction tube is con-
figured to extend to a suction device from a side of the
open window and make the inside of the open window
vacuum; and a second plate, which is configured to join
with the first plate, where there is formed a tilting mount
seat in which a tilting mount is placed to maintain the
cover glass and an objective lens of a confocal micro-
scope system in parallel.

[0016] According to another aspect, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of an lung tissue in vivo, the
apparatus consisting of: a first plate in which an open
window and a suction tube are formed, wherein the open
window is configured to open in upper and lower parts
thereof, have a cover glass placed on the upper part
thereof, and have a lung tissue brought in contact with
the lower part thereof, wherein the suction tube is con-
figured to extend to a suction device from a side of the
open window and make the inside of the open window
vacuum; and a second plate, which is configured to join
with the first plate, where there is formed a tilting mount
seat in which a tilting mount is placed to maintain the
cover glass and an objective lens of a confocal micro-
scope system in parallel.

[0017] According to another aspect, there is provided
a microaspiration-based lung window apparatus for ob-
taining a microscopic image of an lung tissue in vivo, the
apparatus essentially consisting of: a first plate in which
an open window and a suction tube are formed, wherein
the open window is configured to open in upperand lower
parts thereof, have a cover glass placed on the upper
part thereof, and have a lung tissue brought in contact
with the lower part thereof, wherein the suction tube is
configured to extend to a suction device from a side of
the open window and make the inside of the open window
vacuum; and a second plate, which is configured to join
with the first plate, where there is formed a tilting mount
seat in which a tilting mount is placed to maintain the
cover glass and an objective lens of a confocal micro-
scope system in parallel.

[0018] According to another aspect, there is provided
a method of obtaining an image using a confocal micro-
scope system and a microscopic aspiration-based lung
window apparatus, the method comprising: adjusting the
angle of the lung window apparatus by using a tilting
mount placed on a tilting mount seat of the lung window
apparatus; radiating laser beams having a plurality of
wavelengths to a lung tissue through an open window of
the lung window apparatus, wherein a cover glass is
placed over the upper part of the open window, the lung
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tissue is brought in contact with the lower part of the open
window, a suction tube extending to a suction device is
formed on a side of the open window, so as to keep the
inside of the open window vacuum; and detecting a flu-
orescent signal excited in the lung tissue, wherein the
cover glass placed over the open window and an objec-
tive lens of the confocal microscope system are main-
tained in parallel in a respiration or circulation process
by adjusting the angle of the tilting mount.

[0019] According to another aspect, there is provided
a method of obtaining an image using a confocal micro-
scope system and a microscopic aspiration-based lung
window apparatus, the method consisting of: adjusting
the angle of the lung window apparatus by using a tilting
mount placed on a tilting mount seat of the lung window
apparatus; radiating laser beams having a plurality of
wavelengths to a lung tissue through an open window of
the lung window apparatus, wherein a cover glass is
placed over the upper part of the open window, the lung
tissue is brought in contact with the lower part of the open
window, a suction tube extending to a suction device is
formed on a side of the open window, so as to keep the
inside of the open window vacuum; and detecting a flu-
orescent signal excited in the lung tissue, wherein the
cover glass placed over the open window and an objec-
tive lens of the confocal microscope system are main-
tained in parallel in a respiration or circulation process
by adjusting the angle of the tilting mount.

[0020] According to another aspect, there is provided
a method of obtaining an image using a confocal micro-
scope system and a microscopic aspiration-based lung
window apparatus, the method essentially consisting of:
adjusting the angle ofthe lung window apparatus by using
a tilting mount placed on a tilting mount seat of the lung
window apparatus; radiating laser beams having a plu-
rality of wavelengths to a lung tissue through an open
window of the lung window apparatus, wherein a cover
glass is placed over the upper part of the open window,
the lung tissue is brought in contact with the lower part
of the open window, a suction tube extending to a suction
device is formed on a side of the open window, so as to
keep the inside of the open window vacuum; and detect-
ing a fluorescentsignal excited in the lung tissue, wherein
the cover glass placed over the open window and an
objective lens of the confocal microscope system are
maintained in parallel in a respiration or circulation proc-
ess by adjusting the angle of the tilting mount.

[0021] The term ’comprising’ used herein have the
same meaning as terms 'including’ or 'characterized by’,
not excluding additional non-stated apparatuses, com-
ponents, or steps in an apparatus or a method. The term
‘consisting of’ excludes additional elements, steps, or
components not specifically stated. The term ’essentially
consisting of means including elements, components,
or steps that do not actually influence basic characteris-
tics in addition to stated elements, components, or steps
in an apparatus or a method.
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Advantageous Effects

[0022] According to the present disclosure, an open
window that is attached to a lung tissue and placed close
to an object lens and a seat that extends from the open
window and on which a tilting mount is mounted are pro-
vided, and the open window and the objective lens can
be maintained in parallel during respiration and circula-
tionon ananimal, soitis possible to obtain stable images.

Brief Description of the Drawings
[0023]

FIG. 1 is a perspective view showing a lung window
apparatus according to a preferred embodiment of
the present invention,

FIG. 2 is a view showing the lung window apparatus
according to an embodiment of the present invention
when it is separated,

FIG. 3 shows a front view and a bottom view of the
lung window apparatus according to an embodi-
ment,

FIG. 4 shows a vertical cross-sectional view of the
lung window apparatus according to an embodi-
ment,

FIG. 5 is a view showing arrangement of a confocal
microscope system, the lung window apparatus, and
an objective lens according to an embodiment,
FIG. 6is aview showing alung tissue image obtained
using a microaspiration-based lung window appara-
tus and a confocal microscope system according to
an embodiment,

FIG. 7 is a view showing an image obtained by con-
tinuously imaging movement of erythrocyte after in-
jecting FITC-Dextran into a C57BL6/J mouse ob-
tained using a microaspiration-based lung window
apparatus and a confocal microscope system ac-
cording to an embodiment, and

FIG. 8 is a view showing an image obtained by con-
tinuously imaging movement of leukocyte in the
C57BL6/J mouse obtained using a microaspiration-
based lung window apparatus and a confocal micro-
scope system according to an embodiment.

Mode for Carrying Out the Invention

[0024] The present disclosure may be modified in var-
ious ways and implemented by various exemplary em-
bodiments, so that specific exemplary embodiments are
shown in the drawings and will be described in detail.
[0025] However, itis to be understood that the present
disclosure is not limited to the specific exemplary em-
bodiments, but includes all modifications, equivalents,
and substitutions included in the spirit and the scope of
the present disclosure. Reference numerals are as-
signed to reference components in the following descrip-
tion of drawings.
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[0026] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0027] FIG. 1isa perspective view showing a long win-
dow apparatus according to an embodiment, FIG. 2 is a
view showing the lung window apparatus according to
an embodiment when it is separated, FIG. 3 shows a
front view and a bottom view of the lung window appa-
ratus according to an embodiment, and FIG. 4 shows a
vertical cross-sectional view of the lung window appara-
tus according to an embodiment.

[0028] Referring to FIGS. 1 to 4, a lung window appa-
ratus according to an embodiment may include an open
window 100, a suction tube 102, and a tilting mount seat
104.

[0029] Theopenwindow has a conical shape with open
top and bottom and a diameteris increased fromits upper
part to its lower part.

[0030] The openwindow 100 is broughtin contact with
a lung tissue on the bottom and a cover glass seat 106
is placed over the open window 100.

[0031] When an image is obtained, a cover glass 110
is placed on the cover glass seat 106 and an objective
lens 120 is placed over the cover glass 110.

[0032] The suction tube 102 extends to a suction de-
vice (not shown) from a side of the open window 100.
[0033] A cross-section of a lung tissue is brought in
contactwith the bottom ofthe openwindow 100, the cover
glass 110 is placed over the open window 100, and the
suction tube 102 is placed on a side of the open window
100, soitis possible to keep the inside of the open window
100 vacuum when obtaining an image.

[0034] The tilting mount seat 104 extends from a side
of the open window 100 and has a plurality of fastening
holes 130, and a tilting mount 140 is coupled through at
least some of the fastening holes 130.

[0035] In the embodiment, the tilting mount 140 is a
kinematic tilting mount and maintains the lung window
apparatus and the objective lens 120 in parallel by ad-
justing the angle of the lung window apparatus.

[0036] When the objectivelent 120 and the cover glass
110 placed over the open window 100 are maintained in
parallel by adjusting the angle of the lung window appa-
ratus through the kinematic tilting mount 140, movement
of the lung window apparatus can be restricted even with
respiration and circulation physiologically maintained, so
images can be stably obtained.

[0037] According to an embodiment, the lung window
apparatus may be provided by combining first plate 200
and a second plate 202, which are individual parts, with
each other.

[0038] Referring to FIG. 2, it is possible to provide the
lung window apparatus comprising the tilting mount seat
104 and the open window 100 by putting the first plate
200 and the second plate 220 such that first protrusions
212 formed on a side of a first body 210 of the first plate
200 and second protrusions 222 formed on a side of a
second body 220 of the second plate overlap each other,
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and then fastening the plates with bolts 230.

[0039] The open window 100 is formed in the first body
210 and the tilting mount seat 104 is formed in the second
body 220.

[0040] According to the embodiment, the first protru-
sions 212 are smaller in thickness than the first body 220
and the second protrusions 222 are smaller in thickness
than the second body 220.

[0041] Preferably, the first body 210 and the second
body 220 may be the same in thickness, and the entire
thickness when the first protrusions 212 and the second
protrusions 222 overlap each other may be the same as
the thickness of the first body 210 and the second body
220.

[0042] The first plate 200 and the second plate 202
have steps, and when the first protrusions 212 and the
second protrusion 222 overlap each other, the entire
thickness is uniform.

[0043] FIG. 5 is a view showing the configuration of a
confocal microscope systemand arrangement ofthe lung
window apparatus and the objective lens according to an
embodiment.

[0044] A process of obtaining an image according to
the embodiment is as follows.

(1) Adjustment of angle of lung window apparatus

[0045] The angle of the lung window apparatus is ad-
justed using the tilting mount 140 placed on the tilting
mount seat 104 of the lung window apparatus.

(2) Emission of laser beam

[0046] As in FIG. 5, laser beams having a plurality of
wavelengths are radiated to a lung tissue through the
open window 100 of the lung window apparatus.

(3) Detection of fluorescent signal

[0047] A fluorescent signal excited in the lung tissue
is detected through a detector.

[0048] Referring to FIG. 5, the confocal microscopic
system according to the embodiment includes four laser
sources 500-1 to 500-4 respectively four wavelengths of
405nm,488nm, 561nm, and 640nm within the visible light
band, a polygonal rotation mirror 502, and a galvanom-
eter mirror 504, and generates an XY raster scanning
pattern, using these components.

[0049] The confocal microscopic system may com-
prise a plurality of neutral density filters ND, mirrors M,
and Dichroic beam splitters DBS, and beam pass filters
BPF and photomultiplier tubes for detecting a fluorescent
signal excited in a lung tissue.

[0050] Images of a lung tissue were obtained from an
actual animal model, using the confocal optical micro-
scope using the microaspiration-based lung window ap-
paratus of the present disclosure.

[0051] An optical system was designed to have an ob-
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servation view of 250250 um? at the focus when using
a x40 objective lens (LUCPlanFL, NAO.6; Olympus) and
afluorescent signal was detected and processed by pho-
tomultiplier tubes individually and frame grabbers (Ma-
trox, SOLIOS) that are provided for wavelengths such
that 2D images having cellular-level resolution and being
able to be sectioned in the Z-axial direction could be ob-
tained at a speed of 30 sheets per second.

[0052] By attaching the lung window apparatus ac-
cording to an embodiment to the confocal microscope
system and radiating laser beams to alung tissue through
an objective lens, it is possible to obtaining cellular-level
images in real time through excited fluorescent signals.
[0053] FIG. 6 is a view showing a lung tissue image
obtained using a microaspiration-based lung window ap-
paratus and a confocal microscope system according to
an embodiment.

[0054] A lung tissue has a pulmonary alveolus and a
capillary vessel surrounding the pulmonary alveolus and
the capillary vessel has a vascular endothelial cell and a
basement membrane covering the vascular endothelial
cell.

[0055] In order to check first the structure of such a
lung, observation was performed on the lungs of a Tie2-
GFP mouse having a green fluorescent signal expressed
in a Tie2 receptor and an Actin-DsRed & Histone-GFP
having a red fluorescent signal expressed in an Actin
filament and a green fluorescent signal expressed in His-
tone, using a confocal microscope system and the lung
window apparatus according to the embodiment.
[0056] As described above, a black circular pulmonary
alveoli and a capillary vessel (red in FIG. 6A and green
in FIG. 6B) composed of vascular endothelial cells sur-
rounding the lungs are found.

[0057] Further, in a lung tissue, nuclei (green in FIG.
6B) of type | pulmonary cells, type Il pulmonary alveoli,
and nuclei of macrophages around the pulmonary cells
could be found.

[0058] FIG. 7 is a view showing an image obtained by
continuously imaging movement of erythrocyte after in-
jecting FITC-Dextran into a C57BL6/J mouse obtained
using a microaspiration-based lung window apparatus
and a confocal microscope system according to an em-
bodiment.

[0059] An image for observing movement of erythro-
cyte and leukocyte was checked in consideration of in-
fluence on cells in a lung tissue due to microaspiration.
An image of erythrocyte contrasted by black was ob-
tained by injecting FITC-Dextran into a blood vessel of
the C57BL6/J mouse, and as in FIG. 7, it was found that
movement of the erythrocyte was continued and was not
influenced by microaspiration.

[0060] FIG. 8 is a view showing an image obtained by
continuously imaging movement of leukocyte in the
LysM-GFP mouse obtained using a microaspiration-
based lung window apparatus and a confocal microscope
system according to an embodiment.

[0061] In order to observe movement of leukocyte, in-
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jecting TMR-Dextran into a LysM-GFP mouse in which
agreen fluorescent signal was expressed in LysM protein
to show blood vessels with red was performed and then
tracing the movement path of the LysM in the blood ves-
sels was performed. As shown in FIG. 8, it was found
that movement of leukocyte was also continued and was
not influenced by microaspiration.

[0062] As described above, by using the lung window
apparatus according to the embodiment, it was found
that the apparatus was useful for low-invasive and mi-
croscopic access to a lung tissue of an animal model
without interfering with physiological circulation. Further,
it was found that the apparatus was suitable for securing
stable images of lung parenchyma and blood vessels
and obtaining images for finding out interaction of cells
and single cellular-level movement.

[0063] Hereinabove, although the present disclosure
is described by specific matters such as concrete com-
ponents, and the like, embodiments, and drawings, they
are provided only for assistingin the entire understanding
of the present disclosure. Therefore, the present disclo-
sure is not limited to the embodiments. Various modifi-
cations and changes may be made by those skilled in
the art to which the present disclosure pertains from this
description. Therefore, the sprit of the present disclosure
should not be limited to the above-described embodi-
ments, and the following claims as well as all modified
equally or equivalently to the claims are intended to fall
within the scope and spirit of the disclosure.

Claims

1. A microaspiration-based lung window apparatus for
obtaining a microscopic image of a lung tissue in
vivo, the apparatus comprising:

an openwindow configured to openin upperand
lower parts thereof, have a cover glass placed
on the upper part thereof, and have alung tissue
brought in contact with the lower part thereof;
a suction tube configured to extend to a suction
device from a side of the open window and make
the inside of the open window vacuum; and

a tilting mount seat, configured to extend from
a side of the open window, in which a tilting
mount is placed to maintain the cover glass and
an objective lens of a confocal microscope sys-
tem in parallel.

2. The apparatus of claim 1, wherein the open window
has a conical shape of which a diameter is increased
from its upper part to its lower part.

3. The apparatus of claim 1, wherein the tilting mount
seat has a plurality of fastening holes for coupling
the tilting mount.
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4.

The apparatus of claim 1, wherein the open window
and the suction tube are formed in a first plate which
has a first body and first protrusions having a step
with respectto the firstbody and protrudes from sides
of the first body, and

the tilting mount seat is formed in a second plate
which has a second body and second protrusions
having a step with respect to the second body and
joining with the first protrusions.

A microaspiration-based lung window apparatus for
obtaining a microscopic image of a lung tissue in
vivo, the apparatus comprising:

a first plate in which an open window and a suc-
tion tube are formed, wherein the open window
is configured to open in upper and lower parts
thereof, have a cover glass placed on the upper
part thereof, and have a lung tissue brought in
contact with the lower part thereof, wherein the
suction tube is configured to extend to a suction
device from a side of the open window and make
the inside of the open window vacuum; and

a second plate, which is configured to join with
the first plate, where there is formed a tilting
mount seat in which a tilting mount is placed to
maintain the cover glass and an objective lens
of a confocal microscope system in parallel.

The apparatus of claim 5, wherein the first plate has
a first body where the open window and the suction
tube are formed and first protrusions having a step
with respect to the first body and protruding from
sides of the first body, and

the second plate has a second body where the tilting
mount seat is formed and second protrusions having
a step with respect to the second body and joining
with the first protrusions.

A method of obtaining an image using a confocal
microscope system and a microscopic aspiration-
based lung window apparatus, the method compris-

ing:

adjusting the angle of the lung window appara-
tus by using a tilting mount placed on a tilting
mount seat of the lung window apparatus;
radiating laser beams having a plurality of wave-
lengths to a lung tissue through an open window
of the lung window apparatus, wherein a cover
glass is placed over the upper part of the open
window, the lung tissue is brought in contact with
the lower part of the open window, a suction tube
extending to a suction device is formed on a side
of the open window, so as to keep the inside of
the open window vacuum; and

detecting a fluorescent signal excited in the lung
tissue,
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wherein the cover glass placed over the open
window and an objective lens of the confocal
microscope system are maintained in parallel in
a respiration or circulation process by adjusting
the angle of the tilting mount.
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FIG. 3
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FIG. 5
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