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METHOD FOR RENDERING TISSUE
TRANSPARENT, REAGENT FOR
RENDERING TISSUE TRANSPARENT, AND
TISSUE OBSERVATION METHOD

TECHNICAL FIELD

The present invention relates to a method for rendering
tissue transparent, a reagent for rendering tissue transparent,
and a tissue observation method. More specifically, the
present invention relates to a method for rendering tissue
transparent, capable of simply and safely rendering tissue
transparent without causing its change, and the like.

BACKGROUND ART

With the recent progress of genetic transformation and
gene introduction technologies, it has been carried out to
label only specific cells in any of various organs with a
fluorescent protein for observation. For example, attempts
have been made to selectively label various neural circuits in
the brain with fluorescence to 3-dimensionally visualize the
neural circuits using the fluorescence as an indicator for
reconstruction.

Conventionally, the observation of the internal tissue of an
organ has been performed by mechanically slicing the fixed
and embedded organ (or organ piece) to prepare tissue
sections and observing each section under a light micro-
scope. In recent years, the observed image of the internal
tissue of an organ has come to be obtained by optically
“cutting” the organ using a confocal laser microscope or a
multiphoton excitation fluorescence microscope.

When a tissue structure, such as a neural circuit, is
3-dimensionally observed, the above mechanical method
requires the preparation of many continuous tissue sections
and the piling-up of their fluorescence images, which is
accompanied by great labor. In contrast, the optical method
has the problem of making the acquisition of fluorescence
images more difficult (observation depth limit) as an
increase in the depth of an observed site from the organ
surface because light scatters inside the organ.

The observation depth limit is generally considered to be
on the order of 0.15 mm for the confocal laser microscope
and on the order of up to 4 mm for the two-photon excitation
fluorescence microscope. For example, for the brain of mice
widely used for research, since the cortex as the outer layer
has a thickness of about 1 mm, it is necessary to expand the
observation depth limit to several millimeters in order to
observe the hippocampus or thalamus located on the more
internal side of the brain than that for the cortex.

Accordingly, a technique for rendering an organ transpar-
ent has been studied as a technique for expanding the
observation depth limit by suppressing the scattering of light
inside the organ. For example, Non Patent Literature 1
reports that the brain/spinal cord was rendered transparent
by a method using tetrahydrofuran. In addition, Patent
Literature 1 and Non Patent Literature 2 state that the brain
was successtully rendered transparent by a method using
urea at a high concentration (Scale method).

Non Patent Literature 4 states that tissues, such as the
thoracic ganglion of a dragonfly and the skin of a squid, were
each successfully rendered transparent to a thickness of on
the order of 0.6 mm using 2,2'-thiodiethanol. Non Patent
Literature 5 preceding this literature states that 2,2'-thiodi-
ethanol is used as a mounting medium.
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CITATION LIST

Patent Literature

Patent Literature 1: National Publication of International
Patent Application No. 2013-522590

Non Patent Literature

Non Patent Literature 1: “Three-dimensional imaging of the
unsectioned adult spinal cord to assess axon regeneration
and glial responses after injury.” Nature Medicine, 2011,
Vol. 18, No. 1, pp. 166-71

Non Patent Literature 2: “Scale: a chemical approach for
fluorescence imaging and reconstruction of transparent
mouse brain.” Nature Neuroscience, 2011, Vol. 14, No.
11, pp. 1481-1488

Non Patent Literature 3: “Visual properties of transgenic rats
harboring the channelrhodopsin-2 gene regulated by the
thy-1.2 promoter.” PLoS ONE, 2009, Vol. 4, No. 11,
e7679

Non Patent Literature 4: “Labeling and confocal imaging of
neurons in thick invertebrate tissue samples.” Cold Spring
Harbor Protocol, 2013

Non Patent Literature 5: “2,2'-thiodiethanol: a new water
soluble mounting medium for high resolution optical
microscopy.” Microscopy Research and Technique, 2007,
70:1-9

SUMMARY OF INVENTION
Technical Problem

The transparentization method described in Non Patent
Literature 1 is excellent in the transparentization degree but
requires the use of an organic solvent containing dichlo-
romethane suspected of having carcinogenicity and has
problems of flammability of the organic solvent and diffi-
culty in waste liquid management. The method also has a
problem that the hardening of an organ and the disappear-
ance or attenuation of the fluorescence signal of a labeled
fluorescent protein in the organ occur under the influence of
the process of dehydrating the fixed organ and the transpar-
entization reagent itself.

The transparentization method disclosed in Non Patent
Literature 2 (Scale method) can solve the above problems
with the method described in Non Patent Literature 1
because the Scale method can use a water-soluble reagent
for which the dehydration of a biomaterial is not required.
However, the Scale method requires a long period of time
(on the order of 2 weeks) for transparentization treatment
and has an insufficient degree of transparentization. In
addition, this method has a problem that the organ is
excessively swelled and weakened.

The conventional method using 2,2'-thiodiethanol has a
transparentizable tissue thickness of as low as on the order
of' 0.6 mm and thus has an insufficient observation depth (see
Non Patent Literature 4). In addition, the use of 2,2'-
thiodiethanol at concentrations of as high as 80 to 85% or
more resulted in the disappearance or attenuation of a
fluorescence signal in some fluorescent proteins, such as
GFP (see Non Patent Literature 5).

In view of the problems with these conventional tech-
niques, the main object of the present invention is to provide
a technique capable of sufficiently rendering various organs
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transparent without causing their changes by a simple opera-
tion without using any poisonous or dangerous organic
solvent.

Solution to Problem

The present invention provides a method for rendering
tissue transparent, comprising a procedure of immersing the
tissue in a water-soluble solvent having a refractive index of
141t01.7.

In the method for rendering tissue transparent, a mixed
solution of 2,2'-thiodiethanol, glycerol, and a nonionic
organoiodine compound aqueous solution is suitably used as
the above water-soluble solvent. In this case, the proportions
by volume of 2,2'-thiodiethanol, glycerol, and a nonionic
organoiodine compound aqueous solution having an iodine
content of 40% in the aqueous solvent are 10 to 50%, 1 to
20%, and 10 to 70%, respectively.

The aqueous solvent to be used may also be a mixed
solution of 2,2'-thiodiethanol and a nonionic organoiodine
compound aqueous solution. In this case, the proportions by
volume of 2,2'-thiodiethanol and a nonionic organoiodine
compound aqueous solution having an iodine content of
40% in the aqueous solvent are 20 to 80% and 80 to 20%,
respectively.

In addition, the aqueous solvent to be used may also be a
mixed solution of 2,2'-thiodiethanol and glycerol. In this
case, the proportions by volume of 2.2'-thiodiethanol and
glycerol in the aqueous solvent are 70 to 95% and 5 to 30%,
respectively.

To reduce the concentration of 2,2'-thiodiethanol in the
aqueous solvent and prevent the disappearance or attenua-
tion of the fluorescence signal of a fluorescent protein, the
aqueous solvent to be used is preferably a mixed solution of
2,2'-thiodiethanol and a nonionic organoiodine compound
aqueous solution, or one further comprising glycerol.

In addition, the water-soluble solvent may further com-
prise a sucrose aqueous solution, depending on the organ of
interest.

The present invention also provides a reagent for render-
ing tissue transparent, comprising a water-soluble solvent
having a refractive index of 1.4 to 1.7. The reagent for
rendering tissue transparent comprises a water-soluble sol-
vent comprising 2,2'-thiodiethanol and at least one of glyc-
erol and a nonionic organoiodine compound. Depending on
the organ of interest, the reagent for rendering tissue trans-
parent is a mixed solution of 2,2'-thiodiethanol and a non-
ionic organoiodine compound aqueous solution, or a mixed
solution of 2,2'-thiodiethanol and glycerol, preferably a
mixed solution of 2,2'-thiodiethanol, glycerol, and a non-
ionic organoiodine compound aqueous solution.

The reagent for rendering tissue transparent may further
comprise a sucrose aqueous solution, depending on the
organ of interest.

In addition, the present invention provides a tissue obser-
vation method comprising a transparentization procedure
which involves immersing tissue in a water-soluble solvent
having a refractive index of 1.4 to 1.7.

The tissue observation method may specifically comprise
a labeling procedure involving fluorescently labeling the
tissue, the transparentization procedure involving immers-
ing the fluorescently labeled tissue in the solvent, and a
detection procedure involving detecting fluorescence emit-
ted from the fluorescent label in the transparentized tissue.

The tissue observation method may also comprise the
transparentization procedure involving immersing the tissue
in the solvent, a labeling procedure involving fluorescently
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labeling the transparentized tissue, and a detection proce-
dure involving detecting fluorescence emitted from the
fluorescent label in the transparentized and fluorescently
labeled tissue.

According to the tissue observation method, observation
using a fluorescence microscope, a fluorescence stereomi-
croscope, a confocal microscope, or a multiphoton micro-
scope can be suitably adopted in the detection procedure.

For the purpose of the present invention, the term “tissue”
shall be used synonymously with “organ” and refers, in its
broad sense, to body tissue. The “tissue (or organ)” includes,
but is not particularly limited to, the brain, spinal cord, liver,
spleen, kidney, lung, heart, blood vessel, skin, subcutaneous
tissue, bowel, fat tissue, lymph node, muscle, tendon, and
cancer tissue. Bone can also be amenable to the method for
rendering tissue transparent and the like according to the
present invention provided that it is bone in which calcifi-
cation has not progressed, like the bone of a fetus or a
newborn.

Advantageous Effect of Invention

According to the present invention, a technique is pro-
vided, which can sufficiently rendering various organs trans-
parent without causing their changes by a simple operation
without using any poisonous or dangerous organic solvent.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a pair of drawing substitute photographs each
showing a transparentized rat spinal cord. (A) represents the
spinal cord rendered transparent by a conventional method
and (B), by the method according to the present invention.

FIG. 2 is a pair of drawing substitute photographs each
showing a transparentized rat brain. (A) represents the brain
rendered transparent by a conventional method and (B), by
the method according to the present invention.

FIG. 3 is a pair of drawing substitute photographs each
showing a fluorescence image obtained by rendering a rat
spinal cord whose nerve axons are fluorescently labeled,
transparent.

FIG. 4 is a drawing substitute photograph showing a
transparentized rat’s damaged spinal cord.

FIG. 5 is a drawing substitute photograph showing a
3-dimensional fluorescence image of a transparentized rat’s
damaged spinal cord.

FIG. 6 is a pair of drawing substitute photographs show-
ing an observed image of an inflamed site in transparentized
mouse’s spinal cord (A) and brain (B).

FIG. 7 is a drawing substitute photograph showing a
3-dimensional fluorescence image of a transparentized
mouse’s inflamed brain.

FIG. 8 is a drawing substitute photograph showing an
observed image of an inflamed site in a transparentized
mouse lung (A) and its gradation inverted photograph (B).

FIG. 9 is a drawing substitute photograph showing a
3-dimensional construction image of alveolar blood vessels
in a transparentized mouse’s inflamed lung.

FIG. 10 is a drawing substitute photograph showing a
transparentized cancer tissue.

FIG. 11 is a pair of drawing substitute photographs each
showing a 3-dimensional fluorescence image of a transpar-
entized cancer tissue. (A) represents the cancer tissue ren-
dered transparent by the method according to the present
invention and (B), by a conventional method.

FIG. 12 is a drawing substitute photograph showing a
transparentized rat heart.
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FIG. 13 is a drawing substitute photograph showing a
transparentized mouse liver.

FIG. 14 is a drawing substitute photograph showing an
immunostaining image of a transparentized rat brain.

FIG. 15 is a drawing substitute photograph showing a fat
staining image of a transparentized rat brain.

FIG. 16 is a drawing substitute photograph showing a
nuclear staining image of a transparentized rat brain.

FIG. 17 is a drawing substitute photograph showing a
Nissl’s staining image of a transparentized rat brain.

FIG. 18 is a drawing substitute photograph showing a
transparentized rat individual.

FIG. 19 is a series of drawing substitute photographs each
showing a cancer tissue transparentized using a reagent for
rendering tissue transparent comprising a nonionic organ-
oiodine compound.

FIG. 20 is a pair of drawing substitute photographs each
showing a transparentized mouse brain.

FIG. 21 is a drawing substitute photograph showing a
fluorescence image obtained by rendering a mouse brain
whose cerebral blood vessels are fluorescently labeled trans-
parent.

FIG. 22 is a series of drawing substitute photographs, one
of which shows the results of immersing a rat brain in a
solution of thiodiethanol alone for comparison.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments for carrying out the method for
rendering tissue transparent and the tissue observation
method comprising the method for rendering tissue trans-
parent as a procedure according to the present invention will
be described below. The embodiments to be described below
are intended only to show an example of an exemplary
embodiment of the present invention, but the scope of the
present invention is not intended to be construed in a
limiting sense thereby.

(1) Procedure for Rendering Tissue Transparent (Method for
Rendering Tissue Transparent)

The method for rendering tissue transparent and the tissue
observation method according to the present invention com-
prise a transparentization procedure which involves immers-
ing the tissue in a water-soluble solvent having a refractive
index of 1.4 to 1.7 (an reagent for rendering tissue trans-
parent). The refractive index of the water-soluble solvent is
preferably 1.50 to 1.52.

[Organ of Interest]

In the method for rendering tissue transparent and the
tissue observation method according to the present inven-
tion, the organ (or organ piece) of interest is not particularly
limited; however, examples thereof include the brain, spinal
cord, liver, spleen, kidney, lung, heart, blood vessel, skin,
subcutaneous tissue, bowel, fat tissue, lymph node, muscle,
tendon, and cancer tissue, and bone. The present invention
has first demonstrated that 2,2'-thiodiethanol (hereinafter
simply referred to as “thiodiethanol”) can be used in com-
bination with glycerol to render transparent even a tissue
having a thickness of 1 mm or more, specifically a thickness
of on the order of 1 mm to 2 cm.

[Reagent for Rendering Tissue Transparent]

The refractive index of the water-soluble solvent (here-
inafter also referred to as “reagent for rendering tissue
transparent”) can be properly set in the range of the above
values, depending on the organ of interest. Preferred
examples of the reagent for rendering tissue transparent
satisfying the above refractive index include a mixed solu-
tion of thiodiethanol (refractive index: 1.52) and a nonionic
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6

organoiodine compound aqueous solution (the refractive
index of the aqueous solution having an iodine content of
40%: about 1.51), or a mixed solution of thiodiethanol and
glycerol (refractive index: 1.474); more preferred examples
thereof include a mixed solution of thiodiethanol, glycerol,
and a nonionic organoiodine compound aqueous solution.
The reagent for rendering tissue transparent may further
comprise a sucrose aqueous solution, if necessary, depend-
ing on the organ of interest.

For the mixed solution of thiodiethanol, glycerol, and a
nonionic organoiodine compound aqueous solution, the pro-
portions by volume of thiodiethanol, glycerol, and a non-
ionic organoiodine compound aqueous solution having an
iodine content of 40% in the aqueous solvent are 10 to 50%,
1 to 20%, and 10 to 70%, respectively.

When the mixed solution of thiodiethanol and a nonionic
organoiodine compound aqueous solution is used, the pro-
portions by volume of thiodiethanol and a nonionic organ-
oiodine compound aqueous solution having an iodine con-
tent of 40% in the aqueous solvent are 20 to 80% and 80 to
20%, respectively.

In addition, when the mixed solution of thiodiethanol and
glycerol is used, the proportions by volume of thiodiethanol
and glycerol in the aqueous solvent are 70 to 95% and 5 to
30%, respectively.

When the sucrose aqueous solution is added, the addition
volume of one or more of thiodiethanol, glycerol, and a
nonionic organoiodine compound aqueous solution may be
decreased, depending on the addition volume of the sucrose
aqueous solution.

The proportions by volume of thiodiethanol, glycerol, a
nonionic organoiodine compound aqueous solution, and a
sucrose aqueous solution in the reagent for rendering tissue
transparent can be adjusted in a wide range, depending on a
desired degree of transparentization of the organ of interest.

The volume of thiodiethanol can be increased in the
reagent for rendering tissue transparent to increase the
degree of transparentization of the organ. For example,
when the organ of interest is a lung, the use of the mixed
solvent of thiodiethanol:glycerol=70:30 can leave the thick
bronchi while maintaining their visibility in such a manner
that they are not completely rendered transparent. In con-
trast, the use of the mixed solvent of thiodiethanol:glyc-
erol=85:15 can increase the degree of transparentization of
the bronchi to sufficiently render the whole lung transparent.

As described above, the reagent for rendering tissue
transparent to be used may be a mixed solution of thiodi-
ethanol and a nonionic organoiodine compound aqueous
solution; however, to obtain a high degree of transparenti-
zation and the high fluorescence signal retentiveness of a
fluorescent protein, the reagent to be used is most preferably
a reagent in which glycerol is added to thiodiethanol and a
nonionic organoiodine compound aqueous solution. When
the reagent for rendering tissue transparent to be used is a
mixed solution of thiodiethanol and glycerol, the addition of
glycerol can render an organ transparent while suppressing
the disappearance or attenuation of the fluorescence signal
of a fluorescent protein even under conditions of a relatively
high concentration (a proportion by volume higher than
80%) of thiodiethanol.

The amount of thiodiethanol to be used can be decreased
to on the order of 10 to 50%, preferably on the order of 20
to 50% by adding a nonionic organoiodine compound aque-
ous solution having a refractive index falling within the
above refractive index range (1.4 to 1.7) (the refractive
index of the aqueous solution having an iodine content of
40%: about 1.51) to the reagent for rendering tissue trans-
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parent. This can maintain the fluorescence signal of a
fluorescent protein at a good level even after transparenti-
zation.

When a nonionic organoiodine compound is added to the
reagent for rendering tissue transparent, for example, the
proportion by volume of the aqueous solution having an
iodine content of 40% is preferably 10 to 80% by volume.
The iodine content (mass/volume %) can be calculated from
the ratio of the mass of an iodine atom to the total mass of
a nonionic organoiodine compound and the concentration
(mass/volume %) of the nonionic organoiodine compound in
the aqueous solution. The iodine content of a nonionic
organoiodine compound aqueous solution can be changed as
needed and is not limited to 40%. The proportion by volume
of the nonionic organoiodine compound aqueous solution in
the reagent for rendering tissue transparent can also be
properly adjusted depending on the iodine content.

The nonionic organoiodine compound to be used may be,
for example, a nonionic iodinated contrast medium in which
hydrophilicity is imparted to an organic compound contain-
ing a high concentration of iodine atoms. Examples of the
nonionic iodinated contrast medium include heretofore
known contrast media, such as ioxilan, iotrolan, iopamidol,
iopromide, iohexol, and iomeprol.

When sucrose is added to the reagent for rendering tissue
transparent, the proportion by volume of a 30% sucrose
aqueous solution is preferably 2 to 10% by volume. The
addition of the sucrose aqueous solution can increase the
degree of transparentization of an organ by enhancing the
penetrance of the reagent for rendering tissue transparent.
Without being bound by theory, the cause is presumed to be
the prevention of the opacity of the cell membrane and the
cytoplasm due to the excessive fixation of tissue enabled by
the addition of sucrose.

A preferable example of the composition of the reagents
for rendering tissue transparent include, for example, a
mixed solution having a volume ratio of thiodiethanol to
glycerol to a nonionic organoiodine compound aqueous
solution having an iodine content of 40% of 45:5:50.

Dimethyl sulfoxide (DMSO) may be added to the reagent
for rendering tissue transparent. DMSO contributes to
increasing the degree of transparentization of an organ by
enhancing the penetrance of the reagent for rendering tissue
transparent. The addition concentration of DMSO is, for
example, 0.1 to 10%. When DMSO is added, the addition
volume of one or more of thiodiethanol, glycerol, a nonionic
organoiodine compound aqueous solution, and a sucrose
aqueous solution may be decreased, depending on the addi-
tion volume of DMSO.

As water-soluble solvents satisfying a refractive index of
1.4 to 1.7, polyhydric alcohols, polyhydric alcohol deriva-
tives, nitrogen-containing solvents, alcohols, sulfur-contain-
ing solvents, and their mixed solvents, and the like in
addition to the above mixed solvents can be used in some
cases. A monosaccharide other than sucrose and/or a poly-
saccharide can also be added to the water-soluble solvent in
some cases; however, sucrose is probably preferable in view
of its high solubility in water.

[Immersion]

The organ is rendered transparent by immersion in the
reagent for rendering tissue transparent for a predetermined
time. The immersion is preferably performed at on the order
of 4 to 60° C., particularly preferably at on the order of 20
to 42° C. The reagent is warmed to room temperature or
more to reduce the viscosity of the reagent, resulting in
enhanced penetrance into the organ. To prevent the precipi-
tation of sucrose at a lower temperature, it is preferable to
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use an aqueous solution having a sucrose concentration of
on the order of 30% as the sucrose aqueous solution. The
immersion time varies depending on the organ of interest;
however, it is, for example, 24 hours to 6 days. By way of
example, when the organ of interest is the brain, spinal cord,
heart, skin, or muscle, the immersion is performed for on the
order of 4 to 6 days. When the organ of interest is liver,
kidney, lung, blood vessel, lymph node, or cancer tissue, the
immersion is preferably performed for 24 hours to 3 days.

When the organ is immersed in the reagent for rendering
tissue transparent, it may be immersed in a pretreatment
solution having a reduced volume ratio of thiodiethanol as a
preprocedure for immersion in a final solution in which
thiodiethanol, glycerol and/or a nonionic organoiodine com-
pound aqueous solution, and, if necessary, a sucrose aqueous
solution are mixed at the above volume ratio.

The pretreatment solution to be used may be a plurality of
solutions having different proportions by volume of thiodi-
ethanol, in which case the organ is immersed in the pre-
treatment solutions for a set time in order of increasing the
proportion by volume of thiodiethanol. When stepwise
immersion is carried out, a sucrose-containing treatment
solution may be used at a preprocedure with a sucrose-free
treatment solution finally used, which is effective if the
precipitation of sucrose is a problem. The multi-step (2 steps
or more) pretreatment is particularly effective when a mixed
solution of thiodiethanol, glycerol, and, if necessary, a
sucrose aqueous solution as the reagent for rendering tissue
transparent is used as a final solution, and not always
necessary when a mixed solution comprising a nonionic
organoiodine compound aqueous solution is used as a final
solution.

As an example of multi-step pretreatment using a reagent
for rendering tissue transparent not comprising a nonionic
organoiodine compound aqueous solution, when the organ
of interest is brain or spinal cord, it is immersed in the
solution of thiodiethanol:glycero1:30% sucrose=20:40:40,
the solution of 50:40:10, and the solution of 70:25:5 as
pretreatment solutions each for 24 hours in that order and
then immersed in a final solution (90:5:5) (for 24 hours).
Other organs are each immersed, for example, in a solution
of thiodiethanol:glycerol=20:80, a solution of 50:50, and a
solution of 70:30 as pretreatment solutions in that order each
for 24 hours and then immersed in a final solution (85:15)
(for 24 hours).

When the reagent for rendering tissue transparent com-
prising a nonionic organoiodine compound aqueous solution
is used, one-step pretreatment can render brain transparent in
on the order of 3 to 4 days and all other tissues except bone
transparent in on the order of 2 days. In this case, for
example, a solution of thiodiethanol:glycerol:30%
sucrose=20:40:40 is used as a pretreatment solution, and a
solution of thiodiethanol:glycerol:a nonionic organoiodine
compound aqueous solution having an iodine content of
40%=45:5:50 is used as a final solution (a reagent for
rendering tissue transparent). The immersion is performed in
the pretreatment solution, for example, at 4° C. to 25° C. for
24 hours and in the final solution, for example, at 4° C. to
25° C. for 24 to 48 hours.

The method for rendering tissue transparent according to
the present invention provides a sufficient degree of trans-
parentization of an organ by a short-time operation com-
pared to the conventional method. The method for rendering
tissue transparent according to the present invention can also
render an organ transparent by immersion in a water-soluble
solvent without using any poisonous or dangerous organic
solvent (see Examples to be described later). Thus, the
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method for rendering tissue transparent according to the
present invention has no problems of flammability of the
organic solvent and difficulty in waste liquid management
and is highly safe.

In addition, the method for rendering tissue transparent
according to the present invention uses no organic solvent;
thus, fluorescences from almost all fluorescent labels are
retained without causing the disappearance or attenuation of
the fluorescence signal of a labeled fluorescent protein in the
organ to occur under the influence of the process of dehy-
drating the fixed organ and the reagent for rendering tissue
transparent itself. Further, the method for rendering tissue
transparent according to the present invention also provides
an effect of preventing the deterioration (decoloration) of the
fluorescent protein by glycerol added to the water-soluble
solvent.

(2) Fixation Procedure

In the method for rendering tissue transparent and the
tissue observation method according to the present inven-
tion, a fixation procedure by a heretofore known histopatho-
logical method may be performed before the above proce-
dure for rendering tissue transparent. The fixation procedure
may be combined with a heretofore known delipidation
treatment or the like, if necessary.

For the fixation procedure, a method can be adopted,
which involves perfusion-fixing an organ with a formalin
solution (10% neutral formalin solution, 4% paraformalde-
hyde buffer solution), then removing the organ, and further
immersing the organ in the same solution for on the order of
24 hours or more. Alternatively, a method can also be
adopted, which involves immersing an organ removed with-
out perfusion fixation in a formalin solution for on the order
ot'48 hours or more. After fixation, it is preferable to remove
the formalin atmosphere and perform a procedure for ren-
dering tissue transparent.

(3) Labeling Procedure/Detection Procedure
[Fluorescent Label Before Transparentization|]

According to the tissue observation method of the present
invention, the above transparentization procedure can be
performed after fluorescently labeling the tissue to detect
fluorescence emitted from the fluorescent label in the trans-
parentized tissue. As described above, the method for ren-
dering tissue transparent according to the present invention
enables the retainment of fluorescences from almost all
fluorescent labels and can prevent the deterioration (decol-
oration) of fluorescent proteins and thus is also suitable for
tissue observation with multiple staining using a plurality of
fluorescent labels.

The labeling procedure can be performed by heretofore
known methods, including a method involving causing a
fluorescent protein to be expressed in tissue (e.g., nerve
fiber) by gene introduction; a method involving injecting a
fluorescent protein or a fluorescent dye into an organ (e.g.,
blood vessel); and a method involving binding cells to an
antibody labeled with a fluorescent protein or a fluorescent
dye. Here, the fluorescent dye shall refer to a low-molecular
compound (e.g., fluorescein) having a lower molecular
weight than that of a fluorescent protein, such as GFP. The
fluorescent protein and the fluorescent dye to be used may be
heretofore known substances.

The procedure for detecting fluorescence emitted from a
fluorescent label in the transparentized tissue can also be
performed using a heretofore known fluorescence detection
means, such as observation using a fluorescence microscope,
a fluorescence stereomicroscope, a confocal microscope, or
a multiphoton microscope, without particular limitation. The
method for rendering tissue transparent according to the
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present invention enables the high degree of transparency of
an organ to be attained and thus enables the expansion of the
observation depth limit with a confocal microscope or a
multiphoton microscope to several millimeters.

The tissue observation method according to the present
invention can render various organs transparent without
hardening, swelling, and weakening them using the proce-
dure for rendering tissue transparent (see Examples to be
described later). Thus, unlike a conventional method such as
the Scale method, this method enables observation while
maintaining the state of the removed organ. The organ can
be easily sliced with a knife or the like even after transpar-
entization; thus, tissue staining can also be performed after
transparentization for observation.

In addition, the tissue observation method according to
the present invention does not cause the disappearance or
attenuation of the fluorescence signal from a labeled fluo-
rescent protein in an organ as described above, enabling
fluorescent observation with high accuracy. Particularly, the
tissue observation method according to the present invention
produces an effect in observing the deep part of an organ
with extremely weak excitation energy using a multiphoton
microscope.

[Fluorescent Labeling after Transparentization]

According to the tissue observation method of the present
invention, after performing the above transparentization
procedure, the transparentized tissue can also be fluores-
cently labeled to detect fluorescence emitted from the fluo-
rescent label in the transparentized tissue.

The method for rendering tissue transparent according to
the present invention can render an organ transparent with-
out excessively swelling or weakening the organ, enabling
the transparentized organ to be sliced. Thus, if the organ
piece obtained by slicing after transparentization is stained
by an immunohistochemical method using a fluorescence-
labeled antibody, the transparentized tissue can be fluores-
cently labeled.

The transparentized organ or organ piece can also be
subjected to heretofore known histopathological staining
using any of various stain solutions. Particularly, the method
for rendering tissue transparent according to the present
invention can render an organ transparent while causing the
organ to retain fat, also enabling the organ to be subjected to
fat staining, such as Sudan III staining, oil red staining, or
Sudan black staining.

In addition, application is also possible, such as fluores-
cently labeling tissue by gene introduction, then removing
and transparentizing the organ, further fluorescently labeling
the transparentized tissue by immunostaining, and detecting
fluorescences emitted from the 2 or more fluorescent labels
in the transparentized tissue.

EXAMPLES
Example 1
Rendering Rat Spinal Cord Transparent

After perfusion fixation with 4% paraformaldehyde buffer
solution, rat spinal cord was removed and further immersed
in the same solution for 24 hours for fixation. The fixed
spinal cord (3 mm in diameter) was immersed in the solution
of thiodiethanol:glycerol:sucrose=20:40:40, the solution of
50:40:10, and the solution of 70:25:5 as pretreatment solu-
tions each for 24 hours in that order, and then immersed in
the final solution of 90:5:5 for 24 hours for transparentiza-
tion.
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The results are shown in B of FIG. 1. A shows the results
obtained using the Scale method described in Non Patent
Literature 2. The method for rendering tissue transparent
according to the present invention (B) could render the
spinal cord transparent with a high degree of transparency
compared to the Scale method (A). Whereas the Scale
method (A) had a problem that the spinal cord was swollen
2-fold, the method for rendering tissue transparent according
to the present invention (B) did not cause such a problem.

Example 2
Rendering Rat Brain Transparent

Rat brain (tissue thickness: 6 mm) was fixed and rendered
transparent by the procedure described in Example 1.

The results are shown in B of FIG. 2. A shows the results
obtained using the Scale method described in Non Patent
Literature 2. The method for rendering tissue transparent
according to the present invention (B) could render the brain
transparent with a high degree of transparency compared to
the Scale method (A). Whereas the Scale method (A) had a
problem that the brain markedly expanded, and easily col-
lapsed when pressed with a finger, the method for rendering
tissue transparent according to the present invention (B) did
not cause swelling or weakening.

Example 3
Fluorescent Observation of Rat Spinal Cord

A transgenic rat was prepared, in which a fluorescent
protein, VENUS, is expressed in nerve axons. The trans-
genic rat was prepared by the method described in Non
Patent Literature 3 (“Visual properties of transgenic rats
harboring the channelrhodopsin-2 gene regulated by the
thy-1.2 promoter.” PLoS ONE, 2009, Vol. 4, No. 11, €7679).
The spinal cord fixed and rendered transparent by the
procedure described in Example 1 was observed using a
confocal microscope (Zeiss, LSA-700).

The fluorescence image obtained is shown in A of FIG. 3.
B is an enlarged image of the region enclosed by a dotted
line in A. The tissue observation method according to the
present invention enabled the observation of nerve axons
with high accuracy. The disappearance or attenuation of a
fluorescence signal of the fluorescent protein could be
suppressed even under conditions of a relatively high con-
centration (90% by volume) of thiodiethanol.

Example 4
Observation of Rat’s Damaged Spinal Cord

The twelfth dorsal thoracic spinal cord of the above-
described transgenic rat was cut in half with a sharp scissors
to damage the spinal cord, followed by closing the wound.
Four weeks later, the spinal cord was fixed and rendered
transparent by the procedure described in Example 1. The
transparentized spinal cord was observed under a multipho-
ton excitation fluorescence microscope (Nikon, AIMP).

In the transparentized spinal cord, the externally damaged
site could be seen through, as shown in FIG. 4. The damaged
site is visually identified in brown color under coloration
with hemosiderin. The 3-dimensional fluorescence image
obtained is shown in FIG. 5. In the image, the green
represents a signal from a nerve axon and the blue represents
the signal of second harmonic generation (SHG). Fluores-
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cence due to SHG from collagen is observed at the damaged
site, and it is identified that collagen increases with fibrosis
occurring at the same site.

Example 5
Observation of Mouse Encephalomyelitis

Experimental encephalomyelitis was induced in a mouse.
A proinflammatory MOG peptide emulsion was subcutane-
ously injected from the root of the mouse tail, and 30 days
later, perfusion fixation was performed using 4% paraform-
aldehyde buffer solution, followed by removing the brain/
spinal cord, which was then immersed in the same solution
for 24 hours for fixation. The fixed brain/spinal cord was
immersed in the solution of thiodiethanol:glycerol=20:80,
the solution of 50:50, and the solution of 70:30 as pretreat-
ment solutions in that order each for 24 hours and then
immersed in the final solution of 90:10 for 24 hours for
transparentization. The transparentized brain/spinal cord
was observed under a multiphoton excitation fluorescence
microscope.

The transparentized spinal cord (A) and brain (B) are
shown in FIG. 6. In this Example, the final degree of
transparentization of the organ was intentionally suppressed
by using a water-soluble solvent containing thiodiethanol
and glycerol as reagents for rendering tissue transparent and
not containing a sucrose aqueous solution. This can identify
the lesion as an opacified site in the brain stem, as shown in
(B) of FIG. 6. FIG. 7 shows the 3-dimensional fluorescence
image obtained. In the image, the red represents blood
vessels, and the green represents fluorescence images of
bone marrow-derived cells. The blood vessels were fluores-
cently labeled by injecting a tomato lectin bound to a
fluorescence reagent into the blood vessel of the animal. The
bone marrow-derived cells were fluorescently labeled using
a fluorescence-labeled anti-F4/80 antibody.

Example 6
Observation of Mouse Lung

Mouse lung (inferior lobe, length:height:thickness=7
mm:S mm:5 mm) was fixed and rendered transparent by the
procedure described in Example 1. The transparentized lung
was observed under a multiphoton excitation fluorescence
microscope for the construction of the 3-dimensional struc-
ture of alveolar blood vessels.

The transparentized lung is shown in A of FIG. 8. Bis a
gradation inverted image of the image in A. In the transpar-
entized lung, bronchi could be externally seen through, as
shown in FIG. 8. FIG. 9 shows the 3-dimensional image of
the alveolar blood vessels obtained.

Example 7
Observation of Cancer

Human lung cancer cells into which GFP gene is intro-
duced were subcutaneously transplanted in nude mice, and
60 days later, cancer tissue (5 mm square) was removed and
immersed in 4% paraformaldehyde buffer solution for 24
hours for fixation. The resultant was rendered transparent by
the procedure described in Example 1. The transparentized
cancer tissue was observed under a multiphoton excitation
fluorescence microscope.
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The transparentized cancer tissue is shown in FIG. 10.
The 3-dimensional fluorescence image of the cancer tissue is
shown in A of FIG. 11. B of FIG. 11 shows a fluorescent
observation image of a cancer tissue rendered transparent by
the Scale method. For the observation using the Scale
method (B), the observation depth limit was on the order of
100 pm; tumor blood vessels could not be visualized; and the
distribution of tumor cells (green in the image) was not clear.
In contrast, for observation using the method for rendering
tissue transparent according to the present invention (A), the
observation depth limit was 1,000 um or more; tumor blood
vessels (red in the image) could be visualized; and the
distribution of tumor cells was identified. The fluorescence
signal of GFP was shown to be well retained.

Example 8
Rendering Rat Heart/Mouse Liver Transparent

Rat heart (1.2 cm square) and Mouse liver (length:height:
thickness=1 cm:1 cm:6 mm) were fixed and rendered trans-
parent by the procedure described in Example 1. The results
are shown in FIGS. 12 and 13. The arrow in FIG. 12
represents an aorta. The arrow in FIG. 13 represents a portal
vein.

Example 9
Staining after Transparentization

The rat brain rendered transparent in Example 2 was
sliced and subjected to immunostaining, fat staining, nuclear
staining, and Niss1’s staining of glial fibrillary acidic protein
(GFAP).

The immunostaining was carried out employing a com-
mercial detection kit using an anti-GFAP antibody, an
enzyme (peroxidase), and a dye (diaminobenzidine tetrahy-
drochloride). Sudan III was used for the fat staining. DAPI
was used for the nuclear staining. Toluidine blue was used
for the Nissl’s staining.

The results are shown in FIGS. 14 to 17. FIG. 14 shows
immunostaining images of GFAP-positive cerebellar Berg-
mann glial cells. FIG. 15 shows the results of fat staining;
FIG. 16, nuclear staining; and FIG. 17, Niss!’s staining. In
FIG. 14, the transparentization achieves excellent depth
visualization. The desired staining of cerebellar white mat-
ter, cell nuclei, and nerve cells can also be identified for fat
staining, nuclear staining, and Niss]’s staining, respectively.

Example 10
Rendering Rat Individual Transparent

A 4-day old rat individual was immersed in a pretreatment
solution (thiodiethanol:30% sucrose=20:80) at 4° C. for 24
hours and in a final solution (thiodiethanol:glycerol:30%
sucrose=90:5:5) at 4° C. for 48 hours for transparentization.
The results are shown in FIG. 18. The rat individual is
identified to have been wholly rendered transparent.

Example 11
Study of Organoiodine Compound
Human lung cancer cells into which GFP gene is intro-

duced were subcutaneously transplanted in nude mice and
grown for 4 weeks. A tomato lectin bound to a fluorescence
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reagent was injected into the blood vessel of the animal,
followed by perfusion fixation with 4% paraformaldehyde
buffer solution. The cancer tissue was removed and
immersed in 4% paraformaldehyde buffer solution for 24
hours for fixation.

The fixed cancer tissue was immersed in a pretreatment
solution (thiodiethanol:30% sucrose=20:80) at 4° C. for 24
hours and in a final solution (thiodiethanol:glycerol:
iomeprol=50:5:45) at 4° C. for 24 hours for transparentiza-
tion. The results are shown in B of FIG. 19. Iomeron®, Fisai
Co., Ltd. was used as iomeprol. lomeron® 400 has an iodine
content of 40% and a refractive index of 1.51.

A represents the cancer tissue fixed with 4% paraformal-
dehyde buffer solution. C represents a cancer tissue rendered
transparent by immersion in the pretreatment solution (thio-
diethanol:30% sucrose=20:80) at 4° C. for 24 hours and in
a final solution (thiodiethanol:glycerol=90:10) at 4° C. for
24 hours. In B where the organoiodine compound was used,
the highest degree of transparency was obtained.

Blood vessels fluorescently labeled with the tomato lectin
in the transparentized cancer tissue were observed under a
multiphoton excitation fluorescence microscope. For the
fixed cancer tissue shown in A, its interior portion could not
be observed at all due to the connective tissue coat on the
cancer tissue surface. For the transparentized cancer tissue
shown in C, the observation depth limit was about 800 pm.
For the transparentized cancer tissue shown in B, tumor
blood vessels could be visualized above a detection limit
with a microscope of about 1,800 pm and moreover, no
attenuated fluorescence signal from GFP in cancer cells was
observed. These results showed that the use of the final
solution containing the nonionic organoiodine compound
aqueous solution provided a high degree of transparentiza-
tion and demonstrated that its use could well retain the
fluorescence signal of GFP under the reduced amount of
thiodiethanol to be used.

Example 12
Rendering Mouse Brain Transparent 2

After perfusion fixation with 4% paraformaldehyde buffer
solution, mouse brain was removed and further immersed in
the same solution for 24 hours for fixation. The fixed brain
(tissue thickness: 6 mm) was immersed in the solution of
thiodiethanol:iomeprol=50:50 at 25° C. for 48 hours. The
results are shown in A of FIG. 20.

The fixed brain was also immersed in the solution of
thiodiethanol:iomeprol:glycerol=50:44.5:5.5 at 20° C. for
48 hours. The results are shown in B of FIG. 20.

As shown in the figure, the use of iomeprol could render
the brain transparent while reducing the proportion by
volume of thiodiethanol to 50%. When glycerol was added
(B), the degree of transparentization was markedly enhanced
compared to that when no glycerol was added (A). Stomach,
kidney, and uterus could be rendered transparent by the same
procedure (the diagrammatic representation is abbreviated).

Example 13

Fluorescent Observation of Mouse Brain Blood
Vessel

EGFP was expressed in the blood brain vessels of a mouse
by using a retroviral vector for expressing EGFP. The brain
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fixed and rendered transparent by the same procedure as in
Example 12 was observed under a confocal microscope
(Zeiss, LSA-700).

The fluorescence image obtained is shown in FIG. 21. The
use of iomeprol enabled the observation of the brain blood
vessels fluorescently labeled with EGFP with high accuracy.

Comparative Example
Study of Solution of Thiodiethanol Alone

After perfusion fixation with 4% paraformaldehyde buffer
solution, rat brain was removed and further immersed in the
same solution for 24 hours for fixation. The fixed brain
(tissue thickness: 4 mm) was immersed in thiodiethanol for
3 days.

The results are shown in FIG. 22. A represents the brain
fixed with 4% paraformaldehyde buffer solution. B repre-
sents the brain immersed in the solution of thiodiethanol
alone. C represents the brain immersed in a pretreatment
solution (thiodiethanol:30% sucrose=20:80) at 4° C. for 24
hours and in a final solution (thiodiethanol:glycerol=90:10)
at 4° C. for 48 hours for transparentization. For immersion
in the solution of thiodiethanol alone, the thick brain tissue
could not be rendered transparent.

INDUSTRIAL APPLICABILITY

The method for rendering tissue transparent according to
the present invention can sufficiently render various organs
transparent without causing their changes by a simple opera-
tion without using any poisonous or dangerous organic
solvent. Thus, the method for rendering tissue transparent
according to the present invention can be used for observing
the internal tissue of an organ without performing the
burdensome preparation of tissue sections in various fields,
such as disease state analysis, pharmacokinetics, and cancer
metastasis screening.

The invention claimed is:

1. A method for rendering tissue transparent, comprising:

a step of fixing a tissue;

a step of immersing the fixed tissue in a water-soluble
solvent comprising 2,2'-thiodiethanol, a nonionic
organoiodine compound, and optionally glycerol; and

a step of observing the fixed tissue using a fluorescence
microscope, a fluorescence stereomicroscope, a confo-
cal microscope, or a multiphoton microscope,

wherein:

the tissue comprises a tissue surface and a tissue site, the
tissue site being located at a depth of 1 mm or more
below the tissue surface; and

the step of observing comprises detecting fluorescence
emitted from the tissue site by the use of the fluores-
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cence microscope, the fluorescence stereomicroscope,
the confocal microscope, or the multiphoton micro-
scope.

2. The method for rendering tissue transparent according
to claim 1, wherein the solvent is a mixed solution of
2,2'-thiodiethanol, glycerol, and a nonionic organoiodine
compound aqueous solution wherein proportions by volume
of 2,2'-thiodiethanol, glycerol, and a nonionic organoiodine
compound aqueous solution having an iodine content of
40% are 10 to 50%, 1 to 20%, and 10 to 70%, respectively.

3. The method for rendering tissue transparent according
to claim 1, wherein the solvent is a mixed solution of
2,2'-thiodiethanol and a nonionic organoiodine compound
aqueous solution wherein proportions by volume of 2,2'-
thiodiethanol and a nonionic organoiodine compound aque-
ous solution having an iodine content of 40% are 20 to 80%
and 80 to 20%, respectively.

4. The method for rendering tissue transparent according
to claim 1, wherein the solvent further comprises a sucrose
aqueous solution.

5. The method for rendering tissue transparent according
to claim 1, wherein the solvent has a refractive index of 1.4
to 1.7.

6. The method for rendering tissue transparent according
to claim 1, wherein the tissue is one or more selected from
the group consisting of the brain, spinal cord, liver, lung,
heart, blood vessel, and cancer tissue.

7. The method for rendering tissue transparent according
to claim 1, wherein the nonionic organoiodine compound
comprises one or more of ioxilan, iotrolan, iopamidol,
iopromide, iohexol, or iomeprol.

8. The method for rendering tissue transparent according
to claim 1, wherein the nonionic organoiodine compound
comprises iomeprol.

9. The method for rendering tissue transparent according
to claim 1, wherein the step of fixing the sample of the tissue
includes immersing the tissue in a formalin solution.

10. The method for rendering tissue transparent according
to claim 1, wherein the step of observing the fixed tissue
comprises using the multiphoton microscope.

11. The method for rendering tissue transparent according
to claim 1, further comprising, between the step of fixing and
the step of immersing, a step of fluorescently labeling the
fixed tissue.

12. The method for rendering tissue transparent according
to claim 11, wherein the step of observing the fixed tissue
comprises using the multiphoton microscope.

13. The method for rendering tissue transparent according
to claim 1, further comprising, between the step of immers-
ing and the step of observing, a step of fluorescently labeling
the fixed tissue.

14. The method for rendering tissue transparent according
to claim 13, wherein the step of observing the fixed tissue
comprises using the multiphoton microscope.
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