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The present invention relates to a composition for immu-
nostaining cleared large tissues and a method for immunos-
taining cleared large biological tissues using the same. The
composition for immunostaining cleared large tissues
increases antibody permeability in cleared biological tissues,
in particular, large biological tissues having a thickness of 3
mm or more, to allow antibodies to penetrate deep into thick
tissues, thereby overcoming immunostaining problems asso-
ciated with limited permeation of antibodies in existing
methods, reduces the time required for immunostaining
large tissues, thereby enabling simple and rapid three-
dimensional bioimaging with high resolution for large bio-
logical tissues, and may be beneficially used, through struc-
ture images, for identifying the causes of various diseases,
developing new treatment methods, and predicting the effi-
cacy and toxicity of drugs. Furthermore, the composition for
immunostaining cleared large tissues may be used in com-
bination with various medical devices, and in particular, may
be prepared as a kit and beneficially used as an in vitro
diagnostic device.
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FIG. 1
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COMPOSITION FOR IMMUNOSTAINING
CLEARED LARGE TISSUES AND METHOD
FOR IMMUNOSTAINING CLEARED LARGE

BIOLOGICAL TISSUES

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] This patent application claims the benefit of prior-
ity from Korean Patent Application No. 10-2018-0048947,
filed on Apr. 27, 2018, the contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a composition for
immunostaining cleared large tissues and a method for
immunostaining cleared large biological tissues using the
same.

2. Description of the Related Art

[0003] The medical diagnosis technique through x-ray has
been developed to a very accurate diagnosis method with the
processes of two-dimensional scanning such as CT or MRI
and then reconstructing the scanned image into three-dimen-
sional image for three-dimensional observation. A technique
for realizing three-dimensional image by using not only light
source but also ultrasound is actively used for diagnosis.
However, most of the recent techniques have the micro
resolution at the millimeter level, suggesting that they can-
not satisfy the three-dimensional observation at the micro
level that enables the analysis at the cell level. Thus, most of
cell level analysis today depends on the traditional two-
dimensional method. That is, biotissues such as biopsy or
autopsy tissues are fixed with a fixative, and then embedded
with paraffin or polymer. The sample is cut into sections in
the thickness of several micrometers or nanometers so that
light or electromagnetic wave can pass through. Then, the
microstructure is analyzed by observing the transmitted
image with an optical or electron microscope.

[0004] To obtain three-dimensional image by using such a
micro imaging technique, a confocal microscope is needed.
In that case, thickness information at the level of tens of
micrometers can be obtained. Approximately, the thickness
is limited by the depth at which the light source can
penetrate. Most of the significant structures in biotissues are
in the size of at least several hundreds of micrometers, so
that only a part of the information can be obtained by the
conventional method above. Therefore, in order to obtain the
image of a thicker tissue, a series of sections in the thickness
of tens of micrometers need to be prepared sequentially,
followed by imaging with a microscope for each section and
reconstructing thereof. In particular, for imaging a whole
neuron in the brain tissue, there are problems in the process
of tissue-cutting and re-constructing them because one neu-
ron can stretch its axon up to a few meters.

[0005] A tissue clearing technique is a technique that can
investigate the internal structure and protein distribution in
tissue without damaging the tissue. Therefore, the advance-
ment of the tissue clearing technique has been made in many
ways to observe the tissue structure more deeply with
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overcoming the limitation of the conventional method and to
approach the integral information on structure and mol-
ecules from various systems.

[0006] In the above method, a hydrogel support is pen-
etrated into the tissue. When the concentration of the hydro-
gel increases, the degree of binding to the protein increases,
and the structure becomes hard because a tight mesh struc-
ture is created. On the other hand, when the tissue becomes
hard, it becomes difficult for the lipid to escape by surfac-
tants, so the time required for clearing becomes longer. In
addition, the method has a problem of causing air and black
particle deposition on the tissue surface, or discoloring the
tissue to yellow. Further, since it is possible to make only
one brain clearing at a time, a lot of economic and time loss
is caused. A bigger problem is that it is difficult for staining
with antibodies to penetrate between polyacrylamides form-
ing a network structure.

[0007] Recently, the present inventors developed a new
method using SunHyun 3D image kit based on CHAPS+
Urea. This method does not require any harmful or special
techniques, equipments or know-hows that the conventional
methods have for tissue clearing, and can easily clear the
tissue by using a solution according to the order presented in
the protocol. In addition, the method enables immunostain-
ing of the cleared tissue with the relatively higher antibody
permeability than the conventional tissue clearing method.
[0008] However, the biggest problem of the tissue clearing
method using SunHyun 3D image Kit and the previous
methods so far is that there is a limit to the method that
enables immunostaining of the tissues larger than 1 mm
using antibodies. The reason is the difficulty in diffusion and
penetration of antibodies due to the solution used for clear-
ing, the Hydrogel-hybridized form, and the thickness of the
large tissue. Recently, efforts have been made to overcome
the limitations of immunostaining. Representatively, a big
problem was raised in the permeability of antibodies in the
Hydrogel-hybridized form used in CLARITY, and in 2016,
the magnified analysis of the proteome (MAP) showed an
increase in antibody permeability by increasing the size by
nearly four times compared to the basic tissue. However, this
method has a fatal disadvantage, which is that the brightness
of fluorescence is significantly reduced to Y4 compared to
the conventional method, and that proteins, DNA and RNA
are almost damaged and disappeared because the process of
clearing proceeds by boiling the tissue above 95° C. In the
case of the uDisco method developed to overcome the
limitation of using organic solvents, it takes more than a
month to perform immunostaining by permeating antibodies
in the tissue with a size of 1 mm. However, this method is
not generally applied by researchers or derived from
research results, nor is it a commercialized method. How-
ever, this method has not been generally applied by research-
ers or derived research results, and it is also not a commer-
cially available method. The method for immunostaining
used in two-dimensional thin section samples has a limita-
tion in the application of three-dimensional cleared large
tissues. Therefore, in order to obtain three-dimensional bio
images using immunostaining in cleared large tissues, it is
inevitably necessary to develop an immunostaining compo-
sition and method suitable for cleared large tissues.

[0009] Related Prior Art Literatures are as Follows:
[0010] Patent reference 1: International Open-laid Gazette
WO 2016/108359, Non-patent reference 1: Chung K, et al.
(2013) Nature 497(7449): 332-337., Non-patent reference 2:
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Lee H, et al. BMC Developmental Biology 2014 14: 781.,
Non-patent reference 3: Taeyun Ku., et al. Nat Biotech.
2016, doi: 10.1038/nbt.3641., Non-patent reference 4: Pan
C, et al. Nat Methods. (2016) 10 (13): 859-67.

SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to provide a
composition for immunostaining cleared large tissues.
[0012] It is another object of the present invention to
provide a method for immunostaining cleared large biologi-
cal tissues.

[0013] To achieve the above objects, in an aspect of the
present invention, the present invention provides a compo-
sition for immunostaining cleared large biological tissues
comprising an aqueous solution in which DMSO (Dimethyl
Sulfoxide), Triton X-100 and a primary antibody are dis-
solved.

[0014] In another aspect of the present invention, the
present invention provides a method for immunostaining
cleared large biological tissues comprising the following
steps:

[0015] treating the composition for immunostaining
cleared large biological tissues to the cleared large biological
tissues (step 1); and

[0016] treating a secondary antibody to the cleared large
biological tissues treated in step 1 (step 2).

[0017] In another aspect of the present invention, the
present invention provides a kit for immunostaining cleared
biological tissues comprising the composition for immunos-
taining.

Advantageous Effect

[0018] The composition for immunostaining cleared bio-
logical tissues comprising an aqueous solution in which
DMSO (Dimethyl Sulfoxide), Triton X-100 and a primary
antibody are dissolved increases antibody permeability in
cleared biological tissues, in particular, large biological
tissues having a thickness of 3 mm or more, to allow
antibodies to penetrate deep into thick tissues, thereby
overcoming immunostaining problems associated with lim-
ited permeation of antibodies in existing methods, reduces
the time required for immunostaining large tissues, thereby
enabling simple and rapid three-dimensional bioimaging
with high resolution for large biological tissues, and may be
beneficially used, through structure images, for identifying
the causes of various diseases, developing new treatment
methods, and predicting the efficacy and toxicity of drugs.
Furthermore, the composition for immunostaining cleared
large tissues may be used in combination with various
medical devices, and in particular, may be prepared as a kit
and beneficially used as an in vitro diagnostic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 a set of photographs showing the images of
the cleared mouse brain prepared in Preparative Example 1.
[0020] FIG. 2 is a set of photographs showing the images
of the cleared brain tissue wherein DNA was stained with
DAPI (4',6-diamidino-2-phenylindole).

[0021] FIG. 3 is a set of photographs showing the staining
images of the results of immunostaining performed using
NeuN, a neuronal nuclear staining antibody used as a marker
for neurons, as the primary antibody and Donkey Anti-rabbit
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IgG Alexa Fluor-647 as the secondary antibody with 5x
objective lens in Microscopy Lightsheet Z.1.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0022] Hereinafter, the present invention is described in
detail.
[0023] It is an object of the present invention to provide a

composition for immunostaining cleared large biological
tissues. Particularly, It is an object of the present invention
to provide a composition for immunostaining that enables
clear, high-resolution three-dimensional imaging to the
inside of large biological tissues with a thickness of 3 mm
or more due to increased antibody permeability and
improved permeability of primary antibodies.

[0024] To achieve the above objects, in an aspect of the
present invention, the present invention provides a compo-
sition for immunostaining cleared biological tissues com-
prising an aqueous solution in which DMSO (Dimethyl
Sulfoxide), Triton X-100 and a primary antibody are dis-
solved.

[0025] The composition can contain 5 to 50 parts by
volume of DMSO, preferably 10 to 40 parts by volume of
DMSO, and more preferably 20 parts by volume of DMSO
based on 100 parts by volume of total composition.

[0026] If DMSO is included in less than 5 parts by
volume, the primary antibody would not penetrated deeply
enough into the cleared biological tissue, so that a compo-
sition for immunostaining capable of clear, high-resolution
three-dimensional imaging to the inside of large biological
tissues with a thickness of 3 mm or more cannot be obtained.
On the other hand, if more than 50 parts by volume of
DMSO is included, quenching of the primary antibody may
occur, making immunostaining difficult.

[0027] The composition can contain 0.01 to 10 parts by
volume of Triton X-100, preferably 0.1 to 5 parts by volume
of Triton X-100, and more preferably 1 part by volume of
Triton X-100 based on 100 parts by volume of total com-
position.

[0028] If Triton X-100 is included in less than 0.01 part by
volume, there can be a problem in making a hole in the cell
membrane. On the other hand, if more than 10 parts by
volume of Triton X-100 is included, the size of the tissue
would be too small, and thus antibody permeability would
be reduced.

[0029] The composition for immunostaining cleared bio-
logical tissues can further contain Tris (tris(thydroxymethyl)
aminomethane) for the purpose of preventing the excessive
DMSO contained from quenching the primary antibody, but
not always limited thereto.

[0030] The Tris can be further included in the composition
at a concentration of 0.01 to 10% (w/v). For example, when
the total composition is 100 mL, Tris can be contained by
0.01 to 10 g.

[0031] In addition, the Tris can be further included in the
composition at a concentration of 0.1 to 5% (w/v) , and
preferably at a concentration of 1% (w/v). The Tris can
prevent DMSO from quenching the primary antibody. If the
Tris is included in less than 0.01% (w/v), the degeneration
of the antibody may occur. On the other hand, if the Tris is
included in more than 10% (w/v), there may be a problem
in antibody permeability by reducing the size of the tissue.
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[0032] The biological tissue can be made of cells derived
from the brain, blood vessel, liver, lung, kidney, pancreas,
heart and intestine separated from a living body, but not
always limited thereto.

[0033] In addition, the biological tissue can be a large
tissue having a thickness of 3 mm or more.

[0034] The composition can increase the antibody perme-
ability and improve the resolution of immunostaining in the
cleared large biological tissues having a thickness of 3 mm
or more.

[0035] The clearing can be performed through the con-
ventional clearing method of the tissue, and the composition
of the present invention is not characterized by the clarifi-
cation of the tissue itself, so the clearing method is not
particularly limited.

[0036] As a result of performing immunostaining of the
cleared biological tissues using the composition for immu-
nostaining cleared biological tissues, it was confirmed that
the depth of immunostaining was 3 mm or more in the
cleared large biological tissues with a thickness of 3 mm or
more. In addition, the immunostaining image and GFP
(Green Fluorescent Protein) signal were confirmed using 5X
objective lens in Microscopy Lightsheet Z.1 (see Experi-
mental Example 1 and FIG. 3).

[0037] The above results show that the problem of anti-
body permeability, which is a problem of the conventional
tissue clearing method, has been solved. In addition, the
high-definition immunostaining images are implemented, so
that the high-resolution images can be obtained.

[0038] For this reason, the composition for immunostain-
ing cleared tissues of the present invention can be used for
the discovery of markers of various diseases and the study
of mechanisms using the phosphorylation activity measure-
ment, and can be applied to various brain mapping studies.
[0039] Thus, the composition for immunostaining cleared
biological tissues comprising an aqueous solution in which
DMSO (Dimethyl Sulfoxide), Triton X-100 and a primary
antibody are dissolved increases antibody permeability in
cleared biological tissues, in particular, large biological
tissues having a thickness of 3 mm or more, to allow
antibodies to penetrate deep into thick tissues, thereby
overcoming immunostaining problems associated with lim-
ited permeation of antibodies in existing methods, reduces
the time required for immunostaining large tissues, thereby
enabling simple and rapid three-dimensional bioimaging
with high resolution for large biological tissues, and may be
beneficially used, through structure images, for identifying
the causes of various diseases, developing new treatment
methods, and predicting the efficacy and toxicity of drugs.
Furthermore, the composition for immunostaining cleared
large tissues may be used in combination with various
medical devices, and in particular, may be prepared as a kit
and beneficially used as an in vitro diagnostic device.
[0040] In another aspect of the present invention, the
present invention provides a method for immunostaining
cleared biological tissues comprising the following steps:
[0041] treating the composition for immunostaining
cleared biological tissues to the cleared biological tissues
(step 1); and

[0042] treating a secondary antibody to the cleared bio-
logical tissues treated in step 1 (step 2).

[0043] The method for immunostaining of the present
invention uses a composition for immunostaining cleared
biological tissues comprising an aqueous solution in which
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DMSO (Dimethyl Sulfoxide) having an effect of signifi-
cantly increasing antibody permeability, Triton X-100 and a
primary antibody are dissolved.

[0044] According to the conventional immunostaining
technology for cleared biological tissues, it is difficult to
diffuse and penetrate the antibody due to the solution used
for clearing, the hydrogel-hybridized form, and the thickness
of the large tissue, so it is difficult to perform immunostain-
ing of tissues having a thickness of 1 mm or more. The
present invention solves this problem, and by using the
composition of the present invention, diffusion and trans-
mission of the antibody can be facilitated even in the large
biological tissues having a thickness of 3 mm or more.
Therefore, since the primary antibody penetrates deeply into
the inside of the biological tissue, there is an advantage of
obtaining clear, high-resolution 3D images of the deep
inside of the tissue when the secondary antibody is subse-
quently treated.

[0045] In addition, in terms of the time required for
immunostaining, the conventional immunostaining technol-
ogy for cleared biological tissues requires performing a
pretreatment step to increase antibody permeability when
immunostaining the tissue having a thickness of 1 mm or
more. Even if the tissue is not thick, it is often necessary to
perform a prolonged pretreatment process, and there is a
problem that not only the steps of the method are added
more than the present invention, but also the overall method
execution time takes several months. The present invention
solves this problem, and by using the composition of the
present invention, immunostaining can be carried out with-
out performing any pretreatment steps and the immunos-
taining time of the large tissue having a thickness of 3 mm
or more can be significantly shortened compared to the prior
art, so there is an advantage of obtaining clear, high-
resolution 3D images of the deep inside of the tissue. That
is, the method of the present invention does not require any
pretreatment, and by using the composition of the present
invention, there is an advantage that the antibody perme-
ability can be increased simply and easily.

[0046] Hereinafter, the method for immunostaining is
described in detail.

[0047] Step 1 of the method for immunostaining is a step
of infiltrating the primary antibody into the biological tissue
by immersing the biological tissue in a composition for
immunostaining cleared biological tissues comprising an
aqueous solution in which DMSO (Dimethyl Sulfoxide)
having an effect of significantly increasing antibody perme-
ability, Triton X-100 and a primary antibody are dissolved.
[0048] Particularly, the composition can contain 5 to 50
parts by volume of DMSO, preferably 10 to 40 parts by
volume of DMSO, and more preferably 20 parts by volume
of DMSO based on 100 parts by volume of total composi-
tion.

[0049] If DMSO is included in less than 5 parts by
volume, the primary antibody would not penetrated deeply
enough into the cleared biological tissue, so that a compo-
sition for immunostaining capable of clear, high-resolution
three-dimensional imaging to the inside of large biological
tissues with a thickness of 3 mm or more cannot be obtained.
On the other hand, if more than 50 parts by volume of
DMSO is included, quenching of the primary antibody may
occur, making immunostaining difficult.

[0050] The composition can contain 0.01 to 10 parts by
volume of Triton X-100, preferably 0.1 to 5 parts by volume
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of Triton X-100, and more preferably 1 part by volume of
Triton X-100 based on 100 parts by volume of total com-
position.

[0051] If Triton X-100 is included in less than 0.01 part by
volume, there can be a problem in making a hole in the cell
membrane. On the other hand, if more than 10 parts by
volume of Triton X-100 is included, the size of the tissue
would be too small, and thus antibody permeability would
be reduced.

[0052] The composition can further include Tris (tris(hy-
droxymethyl)aminomethane).

[0053] Accordingly, the method for immunostaining of the
present invention can perform step 2 by smoothly perform-
ing step 1, and enables clear, high-resolution three-dimen-
sional imaging to the inside of large biological tissues with
a thickness of 3 mm or more only when the composition for
immunostaining cleared biological tissues containing
DMSO and Triton X-100 in the above range is used.
[0054] In step 1, the composition for immunostaining
cleared biological tissues can further contain Tris (tris(hy-
droxymethyl)aminomethane) for the purpose of preventing
the excessive DMSO contained from quenching the primary
antibody, but not always limited thereto.

[0055] The Tris can be further included in the composition
at a concentration of 0.01 to 10% (w/v). For example, when
the total composition is 100 mL, Tris can be contained by
0.01 to 10 g.

[0056] In addition, the Tris can be further included in the
composition at a concentration of 0.1 to 5% (w/v) , and
preferably at a concentration of 1% (w/v). The Tris can
prevent DMSO from quenching the primary antibody. If the
Tris is included in less than 0.01% (w/v), the degeneration
of the antibody may occur. On the other hand, if the Tris is
included in more than 10% (w/v), there may be a problem
in antibody permeability by reducing the size of the tissue.
[0057] In addition, in step 1, the clearing of the biological
tissue can be performed through the conventional tissue
clearing, and the method of the present invention is not
characterized by the clearing the tissue itself, so the clearing
method is not particularly limited.

[0058] Step 2 of the method for immunostaining is a step
of treating the secondary antibody to the biological tissue in
which the primary antibody has penetrated the tissue due to
the execution of Step 1.

[0059] The method for immunostaining of the present
invention is characterized in step 1, so the step of treating the
secondary antibody is not limited to a specific method, and
the step can be performed by the conventional method used
by a person skilled in the art.

[0060] The biological tissue can be made of cells derived
from the brain, blood vessel, liver, lung, kidney, pancreas,
heart and intestine separated from a living body, but not
always limited thereto.

[0061] In addition, the biological tissue can be a large
tissue having a thickness of 3 mm or more.

[0062] The composition can increase the antibody perme-
ability and improve the resolution of immunostaining in the
cleared large biological tissues having a thickness of 3 mm
or more.

[0063] As a result of performing immunostaining of the
cleared biological tissues using the method for immunos-
taining cleared biological tissues, it was confirmed that the
depth of immunostaining was 3 mm or more in the cleared
large biological tissues with a thickness of 3 mm or more. In
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addition, the immunostaining image and GFP (Green Fluo-
rescent Protein) signal were confirmed using 5x objective
lens in Microscopy Lightsheet Z.1 (see Experimental
Example 1 and FIG. 3).

[0064] The above results show that the problem of anti-
body permeability, which is a problem of the conventional
tissue clearing method, has been solved. In addition, the
high-definition immunostaining images are implemented, so
that the high-resolution images can be obtained.

[0065] For this reason, the method for immunostaining of
the present invention can be used for the discovery of
markers of various diseases and the study of mechanisms
using the phosphorylation activity measurement, and can be
applied to various brain mapping studies.

[0066] Thus, the composition for immunostaining cleared
biological tissues comprising an aqueous solution in which
DMSO (Dimethyl Sulfoxide), Triton X-100 and a primary
antibody are dissolved increases antibody permeability in
cleared biological tissues, in particular, large biological
tissues having a thickness of 3 mm or more, to allow
antibodies to penetrate deep into thick tissues, thereby
overcoming immunostaining problems associated with lim-
ited permeation of antibodies in existing methods, reduces
the time required for immunostaining large tissues, thereby
enabling simple and rapid three-dimensional bioimaging
with high resolution for large biological tissues, and may be
beneficially used, through structure images, for identifying
the causes of various diseases, developing new treatment
methods, and predicting the efficacy and toxicity of drugs.
[0067] Furthermore, the composition for immunostaining
cleared large tissues may be used in combination with
various medical devices, and in particular, may be prepared
as a kit and beneficially used as an in vitro diagnostic device.
[0068] In another aspect of the present invention, the
present invention provides a kit for immunostaining cleared
biological tissues comprising the composition for immunos-
taining.

[0069] Hereinafter, the present invention will be described
in detail by the following examples and experimental
examples.

[0070] However, the following examples and experimen-
tal examples are only for illustrating the present invention,
and the contents of the present invention are not limited
thereto.

PREPARATIVE EXAMPLE 1

Preparation of Cleared Biological Tissues

[0071] The cleared biological tissue was prepared by the
following method. All the animal tests described in this
statement were performed according to the guidance (Ap-
proval No. RS17003) of Committee for Animal Resources,
Korea Institute of Toxicology.

[0072] Particularly, adult mice (8 weeks old) were anes-
thetized with isoflurane (1 cc/min), an inhalation anesthetic.
To stain the mouse blood vessels, Lectin-488 (Cat# DL1174)
was injected through the tail vein. 5 minutes after the
injection of lectin, 50 mL of ice cold 1x PBS (phosphate-
buffered saline) was perfused, and then ice cold PBS con-
taining 4% PFA was perfused again. Organs were extracted
and dipped in 4% paraformaldehyde and PFA solution,
followed by incubation at 4° C. for 12 hours. At this time,
the temperature for ice cold condition is not limited but
preferably -20° C. ~40° C.
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[0073] Next, the sample was washed twice with 50 ml of
PBS. The fixed sample was incubated for 3 days at 220 rpm
at37° C. in a PBS mixture solution of CHAPS (20% w/v %)
and urea (60 w/v %).

[0074] The brain sample was transferred from the mixture
of CHAPS and urea to tertiary distilled water, and washed
three times with 50 ml of tertiary distilled water for 12 hours.
After transferring the brain sample to a mixture of CHAPS
and urea, a mounting solution, the brain was observed to be
cleared, and the results are shown in FIG. 1.

[0075] FIG. 1 a set of photographs showing the images of
the cleared mouse brain prepared in Preparative Example 1.
[0076] As shown in FIG. 1, it was confirmed that the
mouse brain tissue was well-cleared.

EXAMPLE 1

Immunostaining of Biological Tissue Using
Composition for Immunostaining Cleared
Biological Tissues

[0077] Using the composition for immunostaining cleared
biological tissues of the present invention, the cleared tissue
prepared in Preparative Example 1 was immunostained by
the following method.

Step 1: Preparation of a Composition for Immunostaining
Cleared Biological Tissues

[0078] A composition for immunostaining cleared biologi-
cal tissues was prepared by treating NeuN (Cat#ab177487),
a neuron marker antibody, as a primary antibody to a
composition consisting of 20% (v/v) DMSO, 1% (v/v)
Triton X-100, 50 mM Tris and distilled water (20 mL of
DMSO, 79 mL of distilled water, 1 mL of Triton X-100 and
0.65 g of Tris) at a ratio of 1:100.

Step 2: Treatment of the Composition for Immunostaining
Cleared Biological Tissues (Treatment of a Primary
Antibody)

[0079] The cleared tissue obtained in Preparative Example
1 was incubated for 12 hours by replacing 3 times with 50
ml of distilled water. The tissue sample was immersed in the
composition obtained in step 1 and treated with the primary
antibody. After treatment with the primary antibody, the
tissue sample was incubated at 4° C. for 7 days.

Step 3: Treatment of a Secondary Antibody

[0080] After treatment with the primary antibody in step 2,
the tissue sample was washed again with distilled water for
12 hours. The tissue sample was treated with an aqueous
solution containing PBS (phosphate buffered saline), 0.1%
TritonX-100, DAPI (Cat# D5942 Sigma), and Donkey Anti-
rabbit IgG Alexa Fluor-647 as a secondary antibody, fol-
lowed by incubation for 7 days while shaking at 4° C. After
7 days, in order to remove the non-specific antibody binding
in the sample, the tissue sample was washed with an aqueous
solution containing PBS and 0.1% TritonX-100 for 12 to 24
hours while shaking at 4° C. The washed sample was put in
a mixed solution of CHAPS and urea, a mounting solution,
followed by incubation for 12 hours. At this time, the
DAPI-treated group is a chemical staining group, which is a
comparative group for comparing antibody permeability
between immunostaining and chemical staining.
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COMPARATIVE EXAMPLE 1

Immunostaining of Biological Tissue Using
TritonX-100

[0081] The cleared biological tissue prepared in Prepara-
tive Example 1 was immunostained using TritonX-100 by
the following method.

[0082] The biological tissue was immunostained in the
same manner as described in Example 1, except that PBS
containing 1% TritonX-100 was used instead of a compo-
sition consisting of 20% DMSO, 1% Triton X-100, 50 mM
Tris and distilled water.

EXPERIMENTAL EXAMPLE 1

Confirmation of Fluorescence of Immunostained
Biological Tissue

[0083] To confirm the fluorescence of the immunostained
biological tissues prepared in Example 1 and Comparative
Example 1, the immunostaining fluorescence signals of
DAPI and NeuN antibody used as neuron markers in the
mouse brain were observed using 5x objective lens in
Microscopy Lightsheet Z.1. The immunostained tissues
using DAPI (Cat# D5942 Sigma) (chemical staining) are
shown in FIG. 2, and the immunostained tissues using
Donkey Anti-rabbit IgG Alexa Fluor-647 (antibody staining)
are shown in FIG. 3.

[0084] FIG. 2 is a set of photographs showing the images
of the cleared brain tissue wherein DNA was stained with
DAPI (4',6-diamidino-2-phenylindole).

[0085] As shown in FIG. 2, In the case of chemical
staining with DAPI, it was confirmed that there was no
significant difference between the two compositions.
[0086] FIG. 3 is a set of photographs showing the staining
images of the results of immunostaining performed using
NeuN, a neuronal nuclear staining antibody used as a marker
for neurons, as the primary antibody and Donkey Anti-rabbit
IgG Alexa Fluor-647 as the secondary antibody with 5x
objective lens in Microscopy Lightsheet Z.1.

[0087] Asshownin FIG. 3, in the case of antibody staining
with Donkey Anti-rabbit IgG Alexa Fluor-647, it was con-
firmed that the sample immersed in the composition of
Comparative Example 1 (composition consisting of 1%
TritonX-100 and 1x PBS) was immunostained at a depth of
0.5 mm, but the sample immersed in the composition of
Example 1 (composition of 20% DMSO, 1% Triton X-100
and 50 mM Tris in distilled water), the composition for
immunostaining cleared biological tissues of the present
invention was immunostained at depth of 3 mm or more.

[0088] The above results show that the problem of anti-
body permeability, which is a problem of the conventional
tissue clearing methods, has been solved. In addition, immu-
nostaining images are implemented in high quality, showing
that high-resolution images can be obtained.

[0089] In addition, in FIG. 3, the immunostaining images
and the GFP (Green Fluorescent Protein) signals were
confirmed using 5x objective lens in Microscopy Lightsheet
Z.1. Therefore, the composition for immunostaining cleared
tissues of the present invention can be used for the discovery
of markers of various diseases and the study of mechanisms
using the phosphorylation activity measurement, and can be
applied to various brain mapping studies.
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[0090] Thus, the composition for immunostaining cleared
biological tissues comprising an aqueous solution in which
DMSO (Dimethyl Sulfoxide), Triton X-100 and a primary
antibody are dissolved increases antibody permeability in
cleared biological tissues, in particular, large biological
tissues having a thickness of 3 mm or more, to allow
antibodies to penetrate deep into thick tissues, thereby
overcoming immunostaining problems associated with lim-
ited permeation of antibodies in existing methods, reduces
the time required for immunostaining large tissues, thereby
enabling simple and rapid three-dimensional bioimaging
with high resolution for large biological tissues, and may be
beneficially used, through structure images, for identifying
the causes of various diseases, developing new treatment
methods, and predicting the efficacy and toxicity of drugs.
Furthermore, the composition for immunostaining cleared
large tissues may be used in combination with various
medical devices, and in particular, may be prepared as a kit
and beneficially used as an in vitro diagnostic device.

INDUSTRIAL APPLICABILITY

[0091] The composition for immunostaining cleared large
tissues of the present invention and the method for immu-
nostaining cleared large biological tissues using the same
enable three-dimensional bioimaging with high resolution
for large biological tissues, and may be beneficially used,
through structure images, for identifying the causes of
various diseases, developing new treatment methods, and
predicting the efficacy and toxicity of drugs. Furthermore,
the composition of the present invention may be used in
combination with various medical devices, and in particular,
may be prepared as a kit and beneficially used as an in vitro
diagnostic device.

1. A method for immunostaining cleared biological tissues

comprising the following steps:

Clearing biological tissues having a thickness of 1 mm or
more using a mixture of CHAPS(3-[(3-cholamidopro-
pyl)dimethylammonio|-1-propanesulfonate) and urea;

treating a composition for immunostaining cleared bio-
logical tissues comprising DMSO (Dimethyl Sulfox-
ide), Triton X-100 and a primary antibody to the
cleared biological tissues having a thickness of 1 mm or
more (step 1); and
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treating a secondary antibody to the cleared biological
tissues treated in step 1 (step 2).

2. The method according to claim 1, wherein the compo-
sition contains 5 to 50 parts by volume of DMSO based on
100 parts by volume of total composition.

3. The method according to claim 1, wherein the compo-
sition contains 0.01 to 10 parts by volume of Triton X-100
based on 100 parts by volume of total composition.

4. The method according to claim 1, wherein the compo-
sition further contains Tris (tristhydroxymethyl)aminometh-
ane).

5. The method according to claim 4, wherein the compo-
sition further contains Tris at an amount of 0.01 to 10%
(W/v).

6. The method according to claim 4, wherein the Tris
prevents DMSO from quenching the primary antibody.

7. The method according to claim 1, wherein the biologi-
cal tissue is a large tissue having a thickness of 3 mm or
more.

8. The method according to claim 1, wherein the biologi-
cal tissue is derived from the brain, blood vessel, liver, lung,
kidney, pancreas, heart or intestine.

9. The method according to claim 1, wherein the compo-
sition increases the antibody permeability and improves the
resolution of immunostaining in the cleared large biological
tissue having a thickness of 3 mm or more.

10. (canceled)

11. The method according to claim 1, wherein the primary
antibody penetrates into the biological tissue through the
step 1.

12. The method according to claim 1, wherein the method
enables three-dimensional imaging of the cleared large
biological tissue having a thickness of 3 mm or more.

13. A kit for immunostaining cleared biological tissues
comprising:

A composition for clearing biological tissues comprising

a mixture of CHAPS(3-[(3-cholamidopropyl)dimethyl-
ammonio|-1-propanesulfonate) and urea; and

A composition for immunostaining the biological tissues

having a thickness of 1 mm or more cleared by the
composition for clearing,

wherein the composition for immunostaining comprises

DMSO (Dimethyl Sulfoxide), Triton X-100 and a pri-
mary antibody.



