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Preface

The Modern Technology and Method of Histochemistry

The composition of The Modern Technology and Method of Histochemis-
try which supported by Xi’an Jiaotong University, is under supervision of
highly experienced professors. The main purpose of this textbook is to culti-
vate basic experiment skills, enhance research activity and innovative spirit.

Histochemistry, which widely used in life science, is basic science and
technology for medical graduate students. In order to make sure the graduate
students understand and master basical knowledge and methods, different ex-
periments and corresponding images are added to demonstrate the theories.
Since Histochemistry is also fast-developing science, advanced methods in fixa-
tion, new fluorescence dyes as cell markers, the use of flow cytometry confocal
laser scanning microscope and other new technologies are emphasized. The
photomicrography is also introduced as well.

This textbook is suitable for foreign medical graduates in preclinical Medi-
cine and Clinical Medicine, and can also be used as references for other fields,
such as Preventive Medicine, Nursing and Pharmacy.

Acknowledgments must be made to Professor Shudong Qiu, Professor
Tianbao Song, Professor Zhen Li, Ming Li, Lirong Wang, editor Yincun
Wang, Huali Wang and Xuanjing Du for their kind help. There might be some
omissions and mistakes due to time limition, all the corrections and suggestions

are highly welcomed.

Jinsong Zhou
Xi’an Jiaotong University
March, 2014



Chapter 1

Section 1

Section 2

Chapter 2

Section 1
Section 2
Section 3
Section 4
Section 5
Section 6

Section 7

Chapter 3

Section 1

Section 2

Chapter 4

Section 1

Section 2

Chapter 5

Section 1
Section 2

Section 3

Chapter 6

Section 1

Section 2

Contents

Introduction
The contents and theories in Histochemistry =«:-=++seeeeeeeeee (001)
The basic requirements of Histochemistry methods ----+---- (004)
The Tissue Preparation
Tissue collection - (006)
Fixation <+ (006)
Tissue washing-up, dehydration and clearance ----+---++-++-+ (015)
Embedding -+« e«cereerersemsemsmmsinnniaeaee s (017)
Sectioning - (018
Adherence and mounting - (020
Baflaq #evion s ssmios & 6o awe 50 § swivas 34068 § A0S/ § 663 s nan s ewas vom ¢ pwews | QAD)

The Carbohydrate and its Derivatives Histochemistry

Classification - (024)
Histochemistry methods - (026)
The Nucleic Acid Histochemistry
DNA Histochemical demonstration - (033)
Comparison demonstration of DNA and RNA Histochemistry
- (035)
The Lipid Histochemistry
Overview - (039
Demonstration of lipids with physical methods < (040)
Demonstration of lipids with chemical methods -+--+-++-=--+-+ (042)
Enzyme Histochemistry
Enzyme and its basic histochemical theory ««««-eomereeeeeeeee (044)
Histochemistry for common enzymes «=-==:-soseeeeeeeeeneeeee (049)



Chapter 7

Section 1
Section 2

Section 3

Chapter 8

Section 1
Section 2
Section 3
Section 4
Section 5

Section 6

Chapter 9

Section 1
Section 2

Section 3

Chapter 10

Section |1

Section 2
Section 3
Section 4
Section 5
Chapter 11
Section 1
Section 2
Chapter 12

Section 1

Section 2

Section 3
s 9w

The Basic Theory of Immunohistochemistry
BaSiC Il]’]munology B I T T R
Common markers and their detection «««-ss=ereereeeeiiiiiins

Basic: conditioms. s« vsesss ves evames s csiavs sanms 5 sswsms 550 § §6E8s s 5wdn s 58

Common Methods Used in Immunohistochemistry

Principles
Immunofluorescence method
Immunoenzyme technique
Protein A method

Immunogold method and immuno gold-silver method -+

(054)
057)
(063)

+ (074)
- (076)
- (080)

(083)

« (087)

(089)

Specificity and Sensitivity of Immunohistochemistry

Specificity and specific staining + (092)
Control experiment - (093)
The methods to enhance immunohistochemical sensitivity ««--+-«--
(093)
The Double-Staining in Immunohistochemistry
Double-staining Immunohistochemistry on serial section —«+++++e:
- (100)
Immunofluorescence double labeling technique «-+++=+---sc (100)
Immunoenzyme double staining technique -« +oeeeveeeees (102)
Immunoenzyme-Immunofluorescence double staining -+« (109)
Immunoenzyme-Immunogold double staining «««+=-=++soseeeves (109)
The Lectin Histochemistry
Characteristics and application of lectin «=-«=reseeeevieveeneens (111)
Application of lectin Histochemistry » (113)
The Progress of in Situ Display
'The envision lTlt‘thOd ol @ Gereiie Waies € @ HEE B §EE SR Sa F U Al § Laree 8 BeTe e 8 (1]_9)
The catalyzed signal amplification method <+« < (119)
The ferric oxide alternative method for HRP «+ceeeeeeieinees (120)



Chapter 13

Section 1
Section 2
Section 3
Section 4

Section 5

Chapter 14

Section 1
Section 2
Section 3

Section 4

Chapter 15

Section 1

Section 2

Chapter 16
Section 1
Section 2
Section 3

Section 4
References

Appendix [

In Situ Hybridization Immunohistochemistry
Basic principle

Probe preparation

Procedure of in situ hybridization histochemistry ==+«

Factors affecting in situ hybridization «««-esererereeermnanennen

Control test

In Situ Polymerase Chain Reaction Technique
Basic principle
Basic types -

Procedure

Application of in situ PCR technology -« «-reoeeerereimineiinne.

Electron Microscopic Cytochemical Technique

Electron microscopic enzyme cytochemistry technology

Electron microscopic Immunocytochemical technique ----

The Quantitative Assay of Histochemistry Results

- (177
- (178)
- (180)

The photomicrography
The image analyzer

The flow cytometry

The laser scanning confocal miCroscopy :rrersrersereerereaeeees

Preparation of Commonly Used Buffer

- (12D
- (12D

(123)
(138)

- (139)

- (143)
- (143)
- (144)

(147)

- (149)

(161

(185)

- (190)

- (19D)

Appendix [ Histochemistry and Immunohistochemistry Experiments

Appendix ]|

Figures and pictures

- (194)

- (223)



®. Chapter1 Introduction’

The development of life sciences requires deep understanding of chemical
compositions, their structural and functional relationships. During the past
hundreds of years, more and more theories, technologies and methods were crea-
ted and developed to detect the chemical compositions in tissue and cells, and a
borderline discipline, the Histochemistry, were established. As a methodology,
nowadays Histochemistry is widely used in basic life science research and clinical

application.

I. The arise and development of Histochemistry

Histochemistry is also known as micro-chemistry, which means the reaction
processes and results can not be observed with naked eyes or in test tube but un-
der microscope. At the very beginning, the chemistry methods just occupied a lit-
tle in Histochemistry contents due to insufficient of chemistry knowledge. In the
20th century, the eager to know the nucleus acids, the proteins and the enzymes
requires the developrent of Histochemistry, more and more new methods were
created and verified. For example, the Feulgen reaction and the methylene green-
pyronine were used to display the nucleus acid, PAS reaction was introduced to
show glycogens, and the calcium-cobalt and lead nitrate methods were applied to
demonstrate the alkaline phosphatase and acid phosphatase, respectively. The
Immunohistochemistry method was created when specific antigen-antibody reac-
tion was used to detect the antigen compositions in tissues and cells. The molecu-
lar biology technologies, such as in situ hybridization and PCR, were introduced
to combine with Histochemistry. Meanwhile, the quantitation assay technolo-
gies, such as photomicrography, image analysis, flow cytometry and laser scan-

ning confocal microscopy were established and took in application.
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Thus, as a newly established borderline discipline, Histochemistry knowl-
edge contains the information in Histology and related lasted methods, advanced
technologies and discoveries. So the concept of Histochemistry should be like
this: based on Histology, the modern methods and technologies in Physics,
Chemistry, Biochemistry, Immunology and Molecular Biology are introduced to
detect the chemical compositions in situ, and the qualitative and quantitative anal-
ysis are carried on to understand the normal and abnormal rules about the metab-

olisms, functions and morphology changes in cells and tissues,

Il. The contents of Histochemistry studies

1. The inorganic materials in cells

Inorganic materials in cells and tissues mainly include different metal ions,
such as Ca?", Mg*", K", Zn"", Fe’", Fe'", Cu*", Pb*", Ag™, Ad*", As*T,
U*" and 1™, et al, as well as their salts, such as chloridate, phosphate, carbon-

ate and nitrate, et al,
2. The organic materials in cells

The organic materials in cells and tissues mainly include sugar (glycogen,
starch, glycoprotein and proteoglycan, etc), lipid (such as phospholipid, glyco-
lipid, lipoprotein, lipoid, cholesterol and sterol ester, etc), nuclear acid (DNA

and RNA), peptide, protein, pigments and different kinds of vitamins.
3. The different kinds of enzymes

As special proteins, the enzymes play important roles in cell metabolism.
Today, more than 200 kinds of enzymes can be displayed through Histochemistry
methods, such as acid phosphatase, alkaline phosphatase, 5-nucleotidase, glu-
cose-6-phosphatase, adenosine triphosphatase, adenosine triphosphatase, carbon-
ic anhydrase, non-specific esterase, cholinesterase, cytochrome oxidase, peroxi-
dase, monoamine oxidase, succinate dehydrogenase, lactate dehydrogenase, 38-

hydroxy steroid dehydrogenase, acylase and phosphorylase, etc.

4. The antigen and antibody in cells and tissues

The specific antigen-antibody reaction can be used to detect not only the anti-
gens in tissues or antigens from pathogenic microorganism, but also autoantibody

and antibody-antigen complex, and provide reliable results for basic research and

clinic diagnosis.
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5. The endogenous and exogenous gene segments

With or without PCR technology, the in situ hybridization technology can be
used to detect endogenous gene segments and their normal and abnormal expres-
sion, such as DNA and mRNA, and gene segments of virus which can be used as

references for clinical diagnosis.

1. The theories of Histochemistry

1. Chemistry reaction

The already-known chemical reactions are used to demonstrate the materials
in tissues and cells by forming colorful deposits or high electron density struc-
tures through one or several steps, such as enzyme Histochemistry. Firstly, the
chemicals used for detection will be structurally changed in situ by the target ma-
terials; secondly, additional chemical regents are applied to indirectly demon-

strate the target materials in cells and tissues, such as PAS and Feulgen reaction.
2. Physics theory

Certain materials can be visualized by their physics characteristics, for exam-
ple, fat can be dyed by colorful Sudan series dyes because the dyes are lipid-solu-
ble, and the florescence can be observed when monoamine (such as noradrena-
line, dopamine and 5-hydroxytryptamine, etc) is induced by formaldehyde under

the fluorescence microscope.
3. Biological characteristic

Most biomacromolecules can be regarded as antigens, and these antigens will
combine and show the clour that their specific antibodies be marked with, such as
fluorescence, enzymes or colloid gold. Some affinity chemical reactions, such as
avidin and biotin has becvme a branch of Histochemistry, the affinity Histochem-
istry.

4, Nucleotide chain complementary principle

The two complementary nucleotide chains will combine with each other to
form stable hybrid. When one of them is labeled with a marker, it can be used in

the in situ hybridization to show the (target) chain.
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Different theories, procedures and results match different Histochemistry
methods, but they all have the same purpose: to display the tissue and cell chemi-

cals in situ. Thus, basic common requirements must be followed.
I. Basic requirements

1. The specificity

High specificity of reactions against the target materials guarantees the right
experiment results,

2. The sensitivity

High sensitivity of reactions assures that the method can be used to detect

trace target materials in cell and tissue.
3. The fixation

Perfect fixation will provide authentic cell, tissue and material structures for

histochemistry staining, which is necessary for in situ observation and records.
4. The reaction deposits
The reaction deposits must be formed in situ, and should be insoluble, stable
and colorful for light microscopy or with high electron density for electronic mi-

Croscopy.
5. The repeatability

The repeatability is basic rule for all kinds of scientific researches.
Il. Things need to know

1. The characteristics of target materials, such as water-solubility, lipid-sol-
ubility and the possible location in cell and tissue should be clear before experi-
ment. This means many references must be thoroughly read and understood.

2. The procedures of experiments must be strictly controlled, such as the
concentration of every chemical reagent, the temperature and pH value of reaction
liquid, especially for enzymes. In the control test and following repeated experi-
ments, conditions should remain the same.

3. There should be control tests for each experiments. Positive control test is
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used to verify the experiment method, procedures and the reagents, and negative
test is used to demonstrate the specificity of experiment results, which is crucial
for result analysis.

4. All reagents applied in experiments should be analytical pure (A. R
class), and hould not influence the chemical characteristics of target materials or
the activity of enzyme,

5. All the lab utensils should be clean. The water in expariments should be

double-distilled water (DD H,0).

Questions

Generally, what are the differences of study fields among Histology, Histo-

chemistry and Immunohistochemistry?

(Jinsong Zhou)
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. Chapter 2 The Tissue Preparation

In general, the specimen could be studied with histochemistry and immuno-
histochemistry method only after the processes of tissue collection, fixation, em-

bedding and sectioning have been taken.
S Tissue collection

I. Points for attention

1. Keep the instruments sharp and clean.
2. Collect the sample quickly and accurately.
3. Keep the sample from artificial damage.

4, It’s better to collect the tissue at low temperature (0°C-4°C).
Il. The size of specimen

The specimen should be small and thin so that the fixative permeates the
sample slowly. In general, the size of specimen for light microscope is about lcm

X1em X 0. 5cm, and 1mm?® for most electron microscope study.

IEZTIER Fixation

The purpuse of fixation is preserve the activity of tissue structure and chemi-
cal compositions as far as possible. Specimens should be fixed immediately after

they are cut from the body.
I. The purpose of fixation

Fixation preserves the tissue and cell in living condition as much as possible

for subsequent treatment. The effect of fixation including:
1. Inhibit autolysis

After the tissue is isolated from body, the lysosome breaks and releases lyso-
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somal enzymes because of hypshia, which results cell damage. This process is

known as autolysis. Fixative can inactivate lysosomal enzymes.
2. Prevent solution

Tissue compositions are dissolved during tissue preparation because most re-

agents can dissolve chemicals in tissues.
3. Avoid corruption
Fixative can fix proteins to kill bacteria.
4. Reduce injury
Fixation can make the cytoskeletal proteins more stable.
5. Harden the tissue
Fixative can harden the soft tissue, which is beneficial for sectioning,
6. Alter refractive index

Fixation can change the refractive index of cell and tissue composition to

some extent, which makes the structures to be discerned easier.
7. Enhance the dyeing

In a sense, fixative possesses mordant dyeing effect to enhance the dyeing.
Il. Object for fixation

The fixatives may react with proteins in following ways:

1. The chemical bonds between fixative and protein form precipitates.

2. Fixatives interrupt the degeneration of protein. Protein will lose solubility
after degeneration.

Basically, other materials such as lipid, sugar and sugar-like chemicals, nu-
cleic acid and other large molecules are combined with different kinds of proteins,

and they can be fixed by protein-fixation processes.
Ill. The quality of fixative

The fixatives usually should possess the following qualities:

1. Fixatives penetrate the tissue and cell quickly, but do not change the tissue
structure.

2. Fixatives produce tissue swelling and contraction as less as possible.

3. Specimen could be saved in the fixatives for a relatively long period.
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IV. Method for tissue fixation

1. Soak fixation

Soak fixation is also called immersion fixation. In this kind of fixation, the
following steps are followed: Keep the fixation in 0°C—4°C; Place several layers
of gauze and absorbent cotton at the bottom of glass container; and then, put the

specimen in fixative for several hours at least.
2. Perfusion fixation

Fixative is perfused through the whole body or an organ by cardiovascular
system, in this way, the living cells are fixed in situ quickly. Buffer or normal sa-
line containing proper amount of heparin is used to treat the blood before fixatives
are injected into the cardiovascular system. The amount of f{ixatives and the per-
fusion pressure are different according to different animals. Tissue is collected af-

ter perfusion fixation and immersed into the same fixative if necessary.
3. Cultured cells fixation and smear fixation

As for monolayer culture, remove the coverslip from culture plate, and per-
form fixation. As for suspension culture, prepare smear after concentration by
centrifuging. Then, the smear is fixed in fixatives. Usually the glass slice needs

to be coated by adherence chemicals before using to prevent tissue slice shedding.
V. Notes for fixation

1. Fixed specimen must be fresh, The specimen should be fixed immediately
after removed from the animals. Long time delay will result tissure shrinkage or
autolysis, which is big taboo of Histochemistry and Immunohistochemistry.

2. Fixed specimen should be put into sufficient quantity of fixative, The gen-
eral fixation dose is 20 to 50 times size of tissue block, too insuffficient fixatives
should be avoided, and on the other hand, too much fixative is not necessary.

3. Fixation duration time depends on the tissue type, size, and the kind of
fixatives. Generally, 24 hours is enough for tissue block, and 15 seconds for cul-
tured cells in one layer on glass slide.

4. 1In general, specimen can be fixed at room temperature. Fixative for en-
zyme detection should be placed in refrigerator before using.

5. The selection of fixative depends on the type of tissue. Before the Histo-
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chemistry and Immunohistochemistry experiments, the selection of fixatives is
tricky, especially for new tissue or new materials which will be detected. In this
case, reading more references and doing more pre-experiments are strongly rec-

ommended.
VI. The frequently used fixative

Fixative can be divided into the following types according to their chemical
characteristics:

Type I : Aldehyde, such as formaldehyde, glutaraldehyde, paraformalde-
hyde, acrylaldehyde, malondialdehydes, and so on.

Type II : Oxidant, such as osmic acid, kalium hypermanganicum (KMnQ,) ,
bichromicum kalium, and so on.

Type [l : Protein denaturation agent, such as methyl alcohol, alcohol, acetic
acid, and so on,

Type IV : Others, such as mercuric chloride, picric acid, and so on.

According to the usage methods, fixative can be used solo or with other fixa-

tive(s) as a mixture. So, they can also be divided into pure and mixture fixatives.
1. The pure fixative

Commonly used pure fixative includes formaldehyde, alcohol, glacial acetic
acid, picric acid, bichromicum kalium, osmic acid, mercuric chloride, acetone,
and so on. Formalin, alcohol and acetone are commonly used as pure fixatives;
others are used as an ingredient of mixed fixatives.

1.1 Formaldehyde Formaldehyde is a gas, and its saturated water solution
which contains 37 %-40% formaldehyde is named formalin. Generally, 10% for-
malin (4% formaldehyde solution) is used as fixative. Formaldehyde is also sta-
ble as solid form named paraformaldehyde, the high molecular weight polymer.

Formaldehyde is a reducing agent. In water, formaldehyde monomer is a mo-
nohydrate namely methylene glycol (CH, (OH),). It is the most effective fixa-
tive. Formaldehyde connects the adjacent proteins with bridging bonds, and be-
come insoluble polymer. Common formaldehyde reaction is that it is added to a
reactive hydrogen compounds and forms methylol compounds. Any further con-
densation forms methylene bridges with other hydrogen atoms. The equation is as
follows:

RH + CH,O == R « CH,(OH)
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