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v

 We medical and biological scientists want to know the real in vivo morphology and also the 
immunolocalizations of all molecular components in functioning cells and tissues of living 
animal organs; we need the “living animal morphology,” not the dead (nor conventionally 
prepared with fi xatives) animal one. Recently, the live imaging of cells and tissues of animals 
with fl uorescence-labeled proteins by gene manipulation has become increasingly popular in 
biological fi elds. For those reasons, we should now examine the histological or immunohisto-
chemical tissue sections of living animal organs which must be exactly compatible with their 
live imaging, usually clarifi ed by recently developed digital imaging techniques. 

 In our opinion, the already developed immunohistochemical or morphological research per-
formed by in vivo cryotechnique (IVCT) depends exclusively on functioning cells and tissues 
of living animal organs, so it is now necessary to publish a new, innovative book, reviewing 
especially the real morphofunctional fi ndings in vivo of cells and tissues of living animal 
organs. However, until now there has been no such book about living animal morphology on 
permanent tissue section preparations corresponding to the digital live imaging of fl uorescence- 
labeled soluble or structural molecules. 

 In the past few decades, we have developed an original IVCT to capture the dynamically 
changing morphology and immunolocalizations of signal molecules and receptors of cells and 
tissues in addition to detecting soluble probes of living animal organs, reported in more than 
60 biomedical papers in the last 20 years. Therefore, the publication of such an innovative 
review focusing on our research fi eld is both signifi cant and timely. 

 We hope that this volume will provide many readers with a good opportunity to learn about 
IVCT, including cryobiopsy, for their future studies. Finally, we are grateful to all the authors 
who have contributed to this publication.  

    Yamanashi ,  Japan      Shinichi     Ohno     
 Yamanashi ,  Japan     Nobuhiko     Ohno   
   Nagano ,  Japan      Nobuo     Terada       

  Pref ace   



          



vii

   Part I Overview  

    1      Introduction ..............................................................................................................  3   
    Shinichi   Ohno    

    2      Biomedical Significance and Development of “IVCT” .........................................  7   
    Shinichi   Ohno    

    3      How to Perform “IVCT” .........................................................................................  11   
    Shinichi   Ohno    

    4      Technical Merits with “IVCT” ...............................................................................  15   
    Shinichi   Ohno    

    Part II Application of ‘IVCT’ to Various Mouse Organs  

    5      Histochemical Analyses of Living Mouse Liver Under Different 
Hemodynamic Conditions .......................................................................................  19   
    Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    6      Three-Dimensional Reconstruction of Liver Tissues with Confocal 
Laser Scanning Microscopy ....................................................................................  25   
    Yurika   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    7      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Detection of Hypoxia in Mouse Liver Tissues Treated with Pimonidazole .........  29   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    8      Immunohistochemical Detection of Soluble Immunoglobulins 
in Small Intestines ....................................................................................................  33   
    Satoshi   Shimo    ,     Sei   Saitoh    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , 
and     Shinichi   Ohno    

    9      Detection of MAPK Signal Transduction Proteins 
in an Ischemia/Reperfusion Model of Small Intestines ........................................  39   
    Jiaorong   Chen    ,     Nobuo   Terada    ,     Yurika   Saitoh    ,     Zheng   Huang    , 
    Nobuhiko   Ohno    , and     Shinichi   Ohno    

    10      Histological Study and LYVE-1 Immunolocalization of Mesenteric 
Lymph Nodes ............................................................................................................  45   
    Yuqin   Bai    ,     Bao   Wu    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    ,     Yurika   Saitoh    , 
and     Shinichi   Ohno    

    11      Distribution of Immunoglobulin- Producing Cells in Immunized 
Mouse Spleens ..........................................................................................................  51   
    Sei   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

   Contents 



viii

    12      Alteration of Erythrocyte Shapes in Various Organs of Living 
Mice or Under Blood Flow Conditions ..................................................................  57   
    Shinichi   Ohno    ,     Nobuo   Terada    , and     Yasuhisa   Fujii    

    13      Dynamic Ultrastructure of Smooth Muscle Cells in Dystrophin-Deficient 
mdx or Normal scn Mice .........................................................................................  63   
    Shinichi   Ohno    

    14      Dynamic Bioimaging of Serum Proteins in Beating Mouse Hearts.....................  67   
    Liye   Shi    ,     Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , 
and     Shinichi   Ohno    

    15      Histochemical Analyses and Quantum Dot Imaging of Microvascular 
Blood Flow with Pulmonary Edema ......................................................................  77   
    Yurika   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    16      Dynamic Ultrastructure of Pulmonary Alveoli of Living Mice 
Under Respiratory Conditions ................................................................................  83   
    Shinichi   Ohno    ,     Nobuo   Terada    , and     Yasuhisa   Fujii    

    17      Immunohistochemical Analysis of Various Serum Proteins 
in Living Mouse Thymus .........................................................................................  87   
    Yuqin   Bai    ,     Bao   Wu    ,     Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , 
    Sei   Saitoh    , and     Shinichi   Ohno    

    18      Immunohistochemistry and Enzyme Histochemistry of HRP for 
Demonstration of Blood Vessel Permeability in Mouse Thymic Tissues .............  93   
    Bao   Wu    ,     Nobuhiko   Ohno    ,     Yurika   Saitoh    ,     Yuqin   Bai    ,     Zheng   Huang    , 
    Nobuo   Terada    , and     Shinichi   Ohno    

    19      Immunolocalization of Serum Proteins in Living Mouse 
Glomeruli Under Various Hemodynamic Conditions...........................................  101   
    Zilong   Li ,          Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    20      Immunohistochemical Analyses on Albumin and IgG in Acute 
Hypertensive Mouse Kidneys ..................................................................................  105   
    Zilong   Li    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    21      Application of Novel “In Vivo Cryotechnique” in Living 
Animal Kidneys ........................................................................................................  109   
    Zilong   Li    ,     Xiaoyue   Zhai    ,     Nobuhiko   Ohno    ,     Nobuo   Terada    , 
and     Shinichi   Ohno    

    22      Application of Periodic Acid-Schiff Fluorescence Emission 
for Immunohistochemistry of Living Mouse Renal Glomeruli ...........................  115   
    Zilong   Li    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    23      Immunohistochemical Analyses on Serum Proteins 
in Nephrons of Protein-Overload Mice ..................................................................  121   
    Nobuhiko   Ohno    ,     Daoyuan   Zhou    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    24      Immunohistochemical Analyses of Serum Proteins in Puromycin 
Aminonucleoside Nephropathy of Living Rat Kidneys ........................................  127   
    Eri   Kawashima    ,     Yurika   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , 
    Kiyoko   Inui    ,     Ashio   Yoshimura    , and     Shinichi   Ohno    

    25      Immunolocalization of Phospho-Arg- Directed Protein Kinase-Substrate 
in Hypoxic Kidneys ..................................................................................................  135   
    Sei   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    ,     Yurika   Saitoh    , 
          and     Shinichi   Ohno    

Contents



ix

    26      Dynamic Ultrastructures of Renal Glomeruli in Living Mice 
Under Various Hemodynamic Conditions .............................................................  141   
    Shinichi   Ohno    ,     Yasuhisa   Fujii    , and     Nobuo   Terada    

    27      Function of Dynamin-2 in the Formation of Discoid Vesicles 
in Urinary Bladder Umbrella Cells ........................................................................  145   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    ,     Yasuhisa   Fujii    , 
and     Shinichi   Ohno     

   28      Involvement of Follicular Basement Membrane and Vascular 
Endothelium in Blood-Follicle Barrier Formation of Mice..................................  149   
    Nobuhiko   Ohno    ,     Hong   Zhou    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    29      Permselectivity of Blood-Follicle Barriers in Mouse 
Polycystic Ovary Model ...........................................................................................  155   
    Nobuhiko   Ohno    ,     Hong   Zhou    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    30      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Study of Serum Albumin in Normal and Cadmium-Treated 
Mouse Testis Organs ................................................................................................  161   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    ,     Xiaogang   Liao    , 
and     Shinichi   Ohno    

    31      Immunohistochemical Detection of Angiotensin II Receptors 
in Mouse Cerebellum ...............................................................................................  165   
    Zheng   Huang    ,     Nobuhiko   Ohno    ,     Nobuo   Terada    ,     Yurika   Saitoh    , 
    Jiaorong   Chen    , and     Shinichi   Ohno    

    32      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Analyses for Effects of Anoxia on Serum Immunoglobulin and Albumin 
Leakage Through Blood–Brain Barrier in Mouse Cerebellum ...........................  171   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    ,     Zagreb   Zea-Aragón    , 
and     Shinichi   Ohno    

    33      Extracellular Space in Central Nervous System ...................................................  175   
    Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    34      Overview on Recent Applications of In Vivo Cryotechnique 
in Neurosciences .......................................................................................................  179   
    Nobuhiko   Ohno    ,     Nobuo   Terada    ,     Yurika   Saitoh    , and     Shinichi   Ohno    

    35      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Detection of Phosphorylated Rhodopsin in Light- Exposed Retina 
of Living Mouse ........................................................................................................  185   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    36      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Detection of Glutamate in Mouse Retina Inner Segment 
of Photoreceptors .....................................................................................................  189   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    37      Application of “In Vivo Cryotechnique” to Immunohistochemical 
Study of Mouse Sciatic Nerves Under Various Stretching Conditions ................  193   
    Akio   Kamijo    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    ,     Shinichi   Ohno    , 
and     Nobuo   Terada    

Contents



x

    Part III Further Preparation After ‘IVCT’  

    38      Freeze-Substitution (FS) Fixation Method ............................................................  199   
    Shinichi   Ohno    

    Part IV Comments on Advantages of ‘IVCT’  

    39      Cryotechniques and Freeze- Substitution for Immunostaining 
of Intranuclear Antigens and Fluorescence In Situ Hybridization .....................  205   
    Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    40      Replica Immunoelectron Microscopy for Caveolin in Living 
Smooth Muscle Cells ................................................................................................  211   
    Shinichi   Ohno    ,     Nobuo   Terada    ,     Yasuhisa   Fujii    , and     Nobuhiko   Ohno    

    41      Application of “In Vivo Cryotechnique” to Detection 
of Injected Fluorescence- Conjugated IgG in Living Mouse Organs ...................  215   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    42      Application of “In Vivo Cryotechnique” to Visualization of Microvascular 
Blood Flow in Mouse Kidney by Quantum Dot Injection ....................................  219   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    Part V Direct Detection of Molecules by Raman Microscopy   

   43      Application of “In Vivo Cryotechnique” to Raman 
Microscopy of Freeze-Dried Mouse Eyeball Slice .................................................  225   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    ,     Yasuhisa   Fujii    , 
and     Shinichi   Ohno    

    44      Application of “In Vivo Cryotechnique” to Detection of Erythrocyte 
Oxygen Saturation in Mouse Blood Vessels with Confocal Raman 
Cryomicroscopy .......................................................................................................  229   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    Part VI Future Development for Human Pathology  

    45      Imaging of Thrombosis and Microcirculation in Mouse Lungs 
of Initial Melanoma Metastasis ...............................................................................  235   
    Yurika   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    46      Differential Distribution of Blood- Derived Proteins in Xenografted 
Human Adenocarcinoma Tissues ............................................................................  241   
    Yuqin   Bai    ,     Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    Part VII New Cryobiopsy Invention  

    47      Morphological and Histochemical Analysis of Living Mouse Livers 
by New “Cryobiopsy” Technique ............................................................................  249   
    Yasuhisa   Fujii    ,     Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    48      Recent Development of In Vivo Cryotechnique to Cryobiopsy 
for Living Animals ...................................................................................................  255   
    Nobuhiko   Ohno    ,     Nobuho   Terada    , and     Shinichi   Ohno    

Contents



xi

    Part VIII Application of Cryobiopsy for Living Animal Tissues  

    49      Significance of Cryobiopsy for Morphological and 
Immunohistochemical Analyses of Xenografted Human Lung 
Cancer Tissues and Functional Blood Vessels .......................................................  263   
    Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    50      Immunolocalization of Serum Proteins in Xenografted 
Mouse Model of Human Tumor Cells ....................................................................  269   
    Yuqin   Bai    ,     Nobuhiko   Ohno    ,     Nobuo   Terada    , and     Shinichi   Ohno    

    51      Histochemical Approach of Cryobiopsy for Glycogen Distribution 
in Living Mouse Livers Under Fasting and Local Circulation 
Loss Conditions ........................................................................................................  275   
    Yurika   Saitoh    ,     Nobuo   Terada    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    Part IX New Bioimaging of Living Animal Tissues  

    52      Bioimaging of Fluorescence-Labeled Mitochondria in Subcutaneously 
Grafted Murine Melanoma Cells by the “In Vivo Cryotechnique” ....................  283   
    Nobuhiko   Ohno    ,     Ting   Lei    ,     Zheng   Huang    ,     Takeshi   Sakoh    , 
    Yurika   Saitoh    , and     Shinichi   Ohno    

    53      Application of “In Vivo Cryotechnique” to Visualization of ATP 
with Luciferin- Luciferase Reaction in Mouse Skeletal Muscles ..........................  289   
    Nobuo   Terada    ,     Yurika   Saitoh    ,     Nobuhiko   Ohno    , and     Shinichi   Ohno    

    54      Concluding Remarks ...............................................................................................  293   
    Shinichi   Ohno    ,     Nobuhiko   Ohno    , and     Nobuo   Terada    

  Index ..................................................................................................................................  295     

Contents



   Part I 

   Overview        



3© Springer Japan 2016
S. Ohno et al. (eds.), In Vivo Cryotechnique in Biomedical Research and Application 
for Bioimaging of Living Animal Organs, DOI 10.1007/978-4-431-55723-4_1

      Introduction       

     Shinichi     Ohno    

    Abstract  

  Morphological studies with light or electron microscopy and scanning probe microscopy 
have been major approaches to understand physiological and pathological features of living 
animal organs. Although other rapid progresses of research techniques in molecular or 
genetic biology have been realized to establish new molecular or biological fi elds, morpho-
logical techniques are still necessary for more precise understanding of living animal 
organs. For routine morphological analyses, both chemical fi xation and alcohol dehydration 
have been commonly used to keep cells and tissues, but they always bring about many mor-
phological artifacts, including tissue shrinkage and extraction of components. To the con-
trary, both quick-freezing and high-pressure freezing methods of resected fresh tissues have 
been also contributed to reduction of such morphological artifacts, but they have to be 
resected from living animal organs with blood supply. The in vivo cryotechnique (IVCT) 
has been found to be extremely useful to arrest transient physiological processes of cells 
and tissues and also to maintain their intra- and extracellular components in situ. The IVCT 
has already allowed us to perform novel morphological investigations of cells and tissues in 
living animal organs and will further contribute to new medical and biological fi elds with 
“living animal morphology.”  

  Keywords  

  Microscopy   •   Conventional fi xation   •   Quick-freezing   •   In vivo  cryotechnique     •   Soluble 
components  

        S.   Ohno      (*) 
  Department of Anatomy and Molecular Histology, 
Interdisciplinary Graduate School of Medicine and Engineering , 
 University of Yamanashi ,   1110 Shimokato ,  Chuo City , 
 Yamanashi   409-3898 ,  Japan   
 e-mail: sohno@yamanashi.ac.jp  

 1

     The morphological study with light or  electron microscopy   
in addition to scanning probe  microscopy   has been one of the 
major approaches to understand physiological and patholog-
ical features of  living animal organ   s   in medical and biologi-
cal fi elds. Especially, the conventional electron microscopy, 
developed in the last half of the twentieth century, greatly 
facilitated the enormous progress of ultrastructural analyses 
of cells and tissues, which has been now indispensable in 

morphological fi eld with many applications. Although other 
rapid progresses of research techniques in molecular or 
genetic biology have been realized to establish new molecu-
lar or biological fi elds in the past few decades, various mor-
phological techniques are still necessary for more precise 
understanding of cells and tissues in living animal organs. In 
such approach cases, their obtained structures should always 
refl ect some functional aspects of the living animal organs. 

 For the routine  morphological analyses  , both  chemical 
fi xation   and  alcohol dehydration   have been commonly used 
as easy preparation procedures to keep cells and tissues, but 
they always bring about many morphological  artifacts  , 
including tissue  shrinkage   and extraction of components, of 
dynamically changing organs in vivo (Fig.  1.1a, b ) [ 1 – 3 ]. To 
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the contrary, both conventional  quick-freezing   and high- 
pressure freezing methods of resected fresh organ tissues, by 
which they are quickly frozen for physical fi xation, can be 
also contributed to reduction of such morphological artifacts 
(Fig.  1.1c, d ) [ 4 ,  5 ], but they have to be resected from  living 
animal organ   s   with  blood   supply for the freezing. Therefore, 
those animal specimens are inevitably exposed to stresses of 
 ischemia   and  anoxia  , exhibiting only dead morphological 
states of animal organ tissues without normal  blood circula-
tion  . For the past years, the original “ in vivo cryotechnique  ” 
was also developed to demonstrate new dynamically chang-
ing morphology and immunolocalizations of functional pro-
teins in cells and tissues at light or electron microscopic 
levels (Fig.  1.1f ) and clarify morphofunctional signifi cance 
of cells and tissues in living animal organs [ 6 – 8 ], as described 
in the next paragraph.

   As everyone knows, the fi nal goal of morphological and 
immunohistochemical studies in our biological or medical 
fi elds is that all fi ndings examined in animal experiments 
should refl ect the physiologically functional background. 
Therefore, the preservation of all original components in tar-
geted cells and tissues of animals is necessary for describing 
the  functional morphology   of  living animal organ   s  . It has 
been generally accepted that morphological fi ndings of vari-
ous animal organs were easily modifi ed by stopping their 
 blood   supply, because of  ischemia   or  anoxia  . There had been 

a need to develop a new preparation technique for freezing 
the living animal organs in vivo and then obtaining their 
acceptable morphology and also immunolocalizations of 
original  soluble component   s   in functioning cells and tissues. 
We have already developed the “ in vivo cryotechnique  ” 
(IVCT) not only for their morphology, but also for  immuno-
histochemistry   of many soluble components in various living 
animal organs [ 6 – 9 ]. All physiological processes of them 
were immediately immobilized in the vitreous ice by IVCT, 
and every component in the cells and tissues was maintained 
in situ at the time of freezing. Thus, the ischemic or  anoxic   
artifi cial effects on them could be minimized by the newly 
developed IVCT. Our specially designed  liquid cryogen    sys-
tem   with or without a  cryoknife   has totally solved the mor-
phological and immunohistochemical problems which are 
inevitable by the conventional preparation methods at a light 
or electron microscopic level [ 6 ,  8 ]. The IVCT has been 
found to be extremely useful to arrest transient physiological 
processes of cells and tissues and also to maintain their intra- 
and extracellular components in situ, such as rapidly chang-
ing signal molecules, membrane channels, and receptors, as 
described before [ 8 ,  9 ]. 

 As described above, the IVCT has already allowed us to 
perform novel morphological investigations of cells and tis-
sues in  living animal organ   s   and will further contribute to 
new medical and biological fi elds with “ living animal mor-

  Fig. 1.1    A fl owchart of various preparation steps for light  microscopy   
( LM ), fl uorescence microscopy ( FM ), transmission  electron micros-
copy   ( TEM ), and scanning electron microscopy ( SEM ). The  perfusion  - 
( a ) or immersion- ( b ) fi xation and  dehydration   steps, the  quick-freezing   
( c ) and high-pressure freezing ( d ) methods, and the “ in vivo cryotech-
nique  ” ( f ) are described with connection with their following prepara-

tion steps. Note that all preparation steps, following the quick-freezing 
and high-pressure freezing methods, are also available after the “in vivo 
 cryotechnique  ” ( f ). To apply the “in vivo cryotechnique” to human 
organs, a new cryotechnique of biopsy, termed as “ cryobiopsy  ” ( g ), 
would be necessary, as described in the new cryobiopsy chapter       
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