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Abstract: CLARITY (Clear Lipid–exchanged Acrylamide–hybridized Rigid Imaging/ Immunostaining/ in situ–
hybridization–compatible Tissue hydrogel) is a powerful, innovative, whole brain-clearing technology, and it has been
successfully combined with the immunofluorescence staining to achieve the 3D visualization of some proteins or cells in
mm-thick brain tissue or even the intact brains. These 3D information help to gain deeper understanding on the pathologic
mechanism of some neuronal diseases (for example Parkinson and Alzheimer). 14-3-3 zeta is a highly-expressed protein in
Alzheimer’s disease (AD) brain, which was closely related with the formation of Tau aggregation and neurofibrillary tangles.
However, little useful information has been available concerning the 3D architecture of 14-3-3 zeta in AD disease. In this paper,
the transgenic AD mice were used and the 1mm-thick brain slices were passively clarified. Immunofluorescence staining results
showed that different from the control group, 14-3-3 zeta was mainly present around the hippocampus in AD mice. Additionally,
the morphology of 14-3-3 zeta protein was filamentous with different lengths. This result will be helpful for exploring the in vivo
role of 14-3-3 zeta protein during the progression of AD.
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1. Introduction
CLARITY is one new brain-clearing technology discovered
in 2013. Different from other clearing methods, including
BABB [2], 3DISCO [3], Sca/e [4], See DB [5] and Cubic [6],
SDS detergent is utilized in CLARITY to remove the lipids
rich in brain tissue. Because SDS can also wrap and cause the
protein loss, the researchers introduce the hydrogel monomer
that can react with proteins into the brain tissue. As these
monomers are polymerized, the proteins are fixed to the the
hydrogel matrix [7, 8]. Following these treatments, the brain
tissues become transparent because the light scattering is
dramatically reduced with the presence of fewer lipids.
Meanwhile, the antibodies have more accesses to diffuse into
the brain tissues containing the porous hydrogel matrix. These
advantages have attracted more and more attention from all
over the world. Some researchers aimed to optimize the

CLARITY condition [9, 10] or to extend CLARITY to other
tissues or fields [11, 12, 13, 14, and 15]. Other researchers
have successfully applied CLARITY to visualize the 3D
architecture of some molecules or cells that participate in
some neuronal diseases, including AD and Parkinson [16, 17].
In 2014 Ando K. et al explored the 3D distribution of Ab,
phosphorylated Tau and neurofibrillary tangles (NFT) in the
500 µm frontal cortex of AD people by combing CLARITY
and immunohistochemistry methods [16]. However, no such
information has been reported for other proteins involved in
AD.
It is known that 14-3-3 zeta protein is one member of 14-3-3
protein family. In the recent years, people pay much attention
to the role of 14-3-3 zeta protein in cancer therapy and the
neurogenesis [18, 19, 20, and 21]. In AD disease 14-3-3 zeta
was found to regulate the phosphorylation of Tau and affect
the aggregation of Tau [22]. Nevertheless, these studies were
almost done in vitro. Little useful information has been
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available concerning the in-vivo studies of 14-3-3 zeta, for
example the 3D distribution, as well as its regulation on
phosphorylated Tau in vivo. In this paper, the transgenic AD
mice were used as model. CLARITY was done to make the
mm-thick brain slices become transparent. Subsequently, the
clarified brain section was incubated with anti-14-3-3 zeta
primary antibody and secondary antibody labeled by Atto-488
fluorescence dye. The fluorescent imaging result showed that
14-3-3 zeta was distributed around the hippocampus region,
and 14-3-3 zeta exhibited filamentous structure.

2. Main Body
2.1. Animals
In this work, the transgenic APP-overexpressing mice were
used as AD models.
2.2. CLARITY
According to the literature [7], CLARITY was performed
on AD mice brain using passive diffusion method in the
present work. The details are shown as follows. In the first
step, the AD and control group mice were deeply anesthetized
using 10 mL of 10% hydrated chloralhydrate. Subsequently,
after the mice were transcardially perfused using 100 mL of
ice cold 0.9% NaCl solution, 40 mL of the acrylamide
hydrogel
solution was perfused containing 4%
paraformaldehyde (PFA), 4% acrylamide, 0.125%
bisacrylamide and 0.25% the initiator VA-044. In the next
step, the intact brain was extracted immediately and immersed
in the hydrogel solution at 4°C for 3 days in the darkness.
After oxygen was removed by bubbling argon gas, the
hydrogel was polymerized by heating the solution at 37°C for
3 hours. The ~ 1mm-thick brain slabs were obtained using
mouse abrasives, and then were clarified using the clearing
solution (200 mM boric acid, 4% w/v SDS, pH 8.5) at 37°C
for 1 week. Finally, the clarified slices were submerged in
1×PBS buffer containing 0.1% Triton X-100 (denoted as
PBST) for at least 2 d so as to remove the clearing solution.
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2.3. Immuostaining and Imaging
After the slices were transferred into 48-well plates, the blocks
were stained by Goat-anti Human 14-3-3 zeta primary antibody
(Pierce, MA1-045) at 37°C for 3 days. After 3-day incubation,
the slices were washed in PBST for 2 days. After this step, Alexa
Fluor® 488 Donkey-anti Goat (Life Technologies, A-11008)
secondary antibody was used to stain the blocks at 37°C for 3
days and the excess antibody was washed out in PBST for 2 days.
During this step, the primary and secondary antibodies are
diluted into 1:100 with PBS solution. Dapi was also added to
stain the nucleus. Following this step, the slabs were immersed in
85% glycerol mounting solution to achieve the refractive index
matching. The 3D fluorescence imaging was done using Leica
LAS 4.0 two-photon confocal fluorescence microscopy. The
excitation wavelength was fixed at 800 nm for Alexa 488-labeled
antibody and 700 nm for Dapi, respectively. The Z-stack images
were re-constructed using Imaris v7.4.2. software (Bitplane).

3. Details
In this paper, the tail suspension test and morris water maze
were done to ensure that the 0.5-year old transgenic mice had
suffered from AD (data not shown). Next, one electrophoresis
setup was self-built to clarify the intact mice brain. As shown
in Figure 1A, the AD mice brain had become transparent, but
there appeared some yellow spots in the middle part of the
brain tissue. The reason might be due to the presence of
haemosiderin or lipofuscin-type pigments, as reported in the
literature [17]. Here we can not exclude another possibility, i.e.
the heat produced during SDS-electrophoresis might result in
the denaturation of some proteins. As a result, the passive
diffusion method was finally used instead of
SDS-electrophoresis setup in this work. It was found that it
took at least one month to clarify the intact brain, while the
mm-thick brain slabs could become transparent within one
week. The clarified slabs were shown in Figure 1B.

Figure 1. Photographs of the clarified intact brain (A) and 1mm-thick brain slice (B) of AD mice, and they were obtained by electrophoresis and passive diffusion
method, respectively.

In the next work the immunofluorescent staining was
conducted on the clarified slices using Goat-anti human 14-3-3

zeta primary antibody and Donkey-anti Goat Alexa Fluor 488
IgG secondary antibody, respectively. Simultaneously, Dapi
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was used to stain the cellular nucleus. Figure 2A showed the
fluorescence imaging results of the clarified mm-thick AD
brain block following the excitation at 800 nm. We found that
14-3-3 zeta protein was far away from the hippocampus region
shown by the arrow. No similar result was observed for the
control group (seen from Figure 2C), where 14-3-3 zeta was
detected in the cerebral cortex region. This spatial distribution
was also different from the previous studies, in which 14-3-3
zeta was located to the neurons in the human cerebral cortex

[23]. It might be due to the time-dependent pattern change of
14-3-3 zeta protein during the progression of AD. Additionally,
the 3D architecture of 14-3-3 zeta protein was analyzed by 3D
reconstruction within 200-µm-thick range. As demonstrated in
Figure 2B, 14-3-3 zeta protein in AD mice appeared to be
filamentous and heterogeneous: some were short and
discontinuous; some were long and continuous. For the time
being, it is unclear what is the role of 14-3-3 zeta with different
length in AD mice brain.

Figure 2. Immunostaining results of 1mm-thick AD mice brain slice (A), the 3D reconstruction of 200 µm slice (B) and immunostaining results of control group
mice (C).

4. Conclusion
In this work we clarified the mm-thick brain slices of the
transgenic AD mice by using passive diffusion method.
Immunofluorescence labeling was performed on these
mm-thick sections in PBS buffer at 37°C. The observed strong
fluorescence signals indicated that the 1:200 diluted primary
and secondary antibody had smoothly diffused into the porous
brain tissue. Furthermore these antibodies targeted 14-3-3 zeta
protein with high specificity. Immunofluorescence staining
results showed that (1) Unlike other results, 14-3-3 zeta
protein was mainly distributed around the hippocampus in AD
mice brain. It probably indicated that the position alteration of
14-3-3 zeta protein might be implicated in the progression of
AD. More work needs to be done for exploring whether the
localization of 14-3-3 zeta protein is time-dependent during

the development of AD. (2) The 3D reconstruction results of
fluorescence imaging showed that the morphology of 14-3-3
zeta protein was filamentous with different lengths. In the
further work, double or triple immunofluorescence staining
would help to investigate if the interaction between 14-3-3
zeta with other proteins (for example Tau) should be
responsible for the length variation of 14-3-3 zeta protein.
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