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Abstract
Especially in the latest years, histo-

chemical investigations have progressively
been oriented toward the visualization and
quantitative assessment of single mole-
cules, thanks to the availability of stains,
reactions and procedures allowing to detect
in situ proteins, or carboydrates or nucleic
acid sequences with high specificity. This is
evident from the recent literature, where in
the large majority of the published articles
immunohistochemistry, lectin histochem-
istry or fluorescence in situ hybridization
were used as experimental methodologies.
Since in biomedical research it is crucial to
specifically label and localize molecules
there, where they exert their structural roles
and activities, histochemistry will continue
to provide scientists the most appropriate
tools for tracing molecular maps suitable
for reaching a mechanistic explanation of
cell functions in tissues.

Introduction
During the last 150 years, histochem-

istry has acquired and still maintains impor-
tance as a branch of science aimed at iden-
tifying and locating chemical components
in situ, inside tissues and cells. A great num-
ber of histochemical procedures have been
invented along this time-span to label spe-
cific chemical groups giving rise to final
reaction products visible at light or electron
microscopy. 

Especially at the beginning of the histo-
chemical history, the use of specific (often
preferential) stains allowed to identify the
composition of tissues in terms of large cat-
egories of chemical constituents (proteins,
polysaccharides, nucleic acids, lipids).
Expectedly, the results of those histochemi-
cal investigations provided essentially static
descriptions, being anyway essential to
offer fundamental information of the struc-
tural organization of tissues in the different
organs, under healthy and pathological con-
ditions. Even the histochemical reactions
which enabled to stain with high specificity

a given chemical group (such as the alde-
hyde or sulfhydryl group) were actually
unable to identify single molecular species
among the several ones exhibiting such
groups. However, already during the first
half of the last century, two milestones were
established toward the identification in situ
of specific molecules: the Feulgen reaction
for DNA and the application of fluorescent-
ly labelled antibodies as histochemical
tools. The first one,1 which (in the words of
Frederick H. Kasten)2 “may be regarded as
the first truly histochemical reaction”,
paved the way to a vast literature on quanti-
tative cytochemistry for the assessment of
DNA content in normal and pathological
tissues by microphotometry, while
immunohistochemistry3 has probably
become the most widely used approach in
basic and applied histochemistry to label
definite antigens through a variety of fluo-
rochrome-  or enzyme-conjugated, or elec-
tron-dense markers, and by different
detecting systems. Then, in 1969, Mary-
Lou Pardue and Joseph G. Gall4,5 developed
the technique of radioactive in situ
hybridization, whose application became
wider and wider after the introduction of
non-radioactive probes.6-8 In the early
1970s, fluorochrome-labeled lectins were
first used to selectively recognize specific
carbohydrate structures in formalin-fixed
paraffin- or resin-embedded sections
(reviewed by Stoddart and Jones and by
Brooks),9,10 thus opening the way to a
detailed mapping of the sugar structures in
tissues with a much more accurate molecu-
lar resolution than the traditional Alcian
blue or periodic acid-Schiff stain. 

Histochemistry of single molecules
The availability of stains, reactions and

procedures allowing to detect in situ pro-
teins, or carboydrates or nucleic acid
sequences with high specificity progres-
sively oriented the histochemical investiga-
tions toward the visualization and quantita-
tive assessment of single molecules; espe-
cially in recent years, this is obvious, look-
ing at the recently published histochemical
books11,12 and scientific articles. During the
last ten years, about 350,000 papers have
been published in qualified journals
(according to the Scopus database) concern-
ing the application of histochemical tech-
niques on a wide and multiform variety of
subjects, from cell and tissue biology in ani-
mal and plant organisms, to human and ani-
mal pathology, microbiology, experimental
and reconstructive medicine, nanotechnolo-
gy and so forth. Most of these articles were

published in non-histochemical journals in
the biological and medical field, which
demonstrates that non-histochemist scien-
tists widely apply histochemical procedures
in their researches.13 In about 90% of these
articles, immunohistochemistry, fluores-
cence in situ hybridization or lectin histo-
chemistry were used as experimental
methodologies. 

Consistently, in the last three years,
more than 85% of the articles published in
the European Journal of Histochemistry
reported on investigations performed by
these techniques, whereas they were less
than 60% fifteen years ago. This journal
publishes papers on functional cell and tis-
sue biology in animals and plants, with
attention to differentiation and develop-
ment, cell-cell interaction, molecular traf-
ficking and cellular bases of diseases; thus,
it may provide a reasonably reliable outline
of a large assortment of research subjects
where histochemistry was chosen as the
major experimental approach.

In almost all the articles on tumors in
humans and animals, immunohistochem-
istry was used in the attempt either to define
diagnostic/prognostic marker proteins14-19

or to elucidate at the molecular level the
process of carcinogenesis or tumor develop-
ment;20-23 an altered or ectopic expression of
specific proteins was often found to charac-
terize organs or cells also in non-tumor dis-
eases.24-32

The effects of different pharmacologi-
cal or physical treatments on the expression
of intracellular or extracellular matrix pro-
teins have been investigated in several arti-
cles33-41 where immunohistochemistry was
mostly used to relate the morphofunctional
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changes observed in different model sys-
tems in vitro or in vivo with the activation of
specific molecular pathways.

Several papers were aimed at illustrat-
ing the tissue organization and protein
expression of still poorly described organs
from various Vertebrate and Invertebrate
species:42-54 here, the morphological
description of the microanatomical and his-
tological features was paralleled by the
detection of specific molecules responsible
for the tissue functional characteristics, also
as a consequence of seasonal dynamic
changes.55-57

The immunolabeling of marker proteins
was extensively applied in studies aimed at
distinguishing stem/progenitor cells or at
elucidating the process of cell differentia-
tion and morphogenesis during pre- and
post-natal development in mammals,
including humans,58-76 with special atten-
tion to the nervous system,65,66 sensory
organs,67-69 skin,70 lung,70,71 and the skeletal
apparatus.72-75 Also in plants, the histochem-
ical detection and localization of particular
substances (namely alkaloids and aceto-
genins) in the endosperm proved to be sig-
nificant to describe the process of seedling
development.76,77

Several articles have recently been pub-
lished in the European Journal of
Histochemistry on new methods or novel
applications of well-established microscop-
ical or histochemical techniques.78-98 Some
of them were intended to improve fixation,
embedding and antigen-retrieval procedures
for protein immunodetection, with an obvi-
ous interest for the techniques suitable for
aldehyde-fixed/paraffin-embedded sam-
ples,82-86 which allows to extend the use of
histochemical reactions to archived sam-
ples. A group of papers90-93 were focused on
the acquisition and interpretation of autoflu-
orescence spectra from unprocessed biolog-
ical tissues in vivo and ex vivo. In fact,
under appropriate light excitation several
molecular components (such as collagen
and elastin, porphyrin derivatives, fatty
acids, vitamin A, lipofuscins, NAD(P)H and
flavins) act as endogenous fluorophores
emitting in the UV-visible to near-IR spec-
tral range, and may be used as intrinsic bio-
markers to monitor the biological substrate
conditions. The structural organization and
the metabolic conditions of tissues and cells
affect the amount, the distribution and the
microenvironmental state of the endoge-
nous fluorophores, with consequent
changes in their fluorescence emission
properties: the appropriate analysis and
interpretation of tissue autofluorescence
spectra may thus provide a powerful tool to
identify even minute changes in the meta-

bolic properties of cells and tissues,94 with
great diagnostic potential in medicine
through the so-called optical biopsy.

Raman microspectroscopy was
employed for demonstrating that hydroxya-
patite, cholesterol, and carotenoids co-
localize in calcified stenotic aortic valves,95

while Energy Dispersive X-ray (EDX)
microanalysis through transmission elec-
tron microscopy was used to trace the pres-
ence of asbestos nanofibers in histological
preparations.96

Fluorescence microscopy and electron
microscopy after diaminobenzidine photo-
oxidation were used to demonstrate the
intracellular distribution of calcium ions96

or to visualize the intracellular fate of
nanoparticles used as drug carriers.98,99

Concluding remarks
In 1953, A.G. Everson Pearse wrote in

the Postgraduate Medical Journal that “the
importance of histochemistry for the many
cytologists, histologists and pathologists
who wish to use its techniques lies in the
fact that it offers an escape from static
descriptive types of research into problems
bearing on the behaviour of tissues and
allows a dynamic and functional approach
to normal cytology as well as to cellular
pathology”.100 After more than sixty years,
this statement is still up-to-date, and histo-
chemical investigations are more and more
addressed to identify single molecules to
correlate chemical composition and physi-
ology, and to understand the molecular
bases of the dynamic changes which occur
in healthy and pathological tissues. 

It is generally agreed that cellular func-
tions depends not only on the occurrence of
specific molecules but also on their precise
cytosolic, nuclear or organelle location.
Consequently, in biomedical research it is
crucial to specifically label and localize
molecules there, where they exert their
structural roles and activities. Thanks to the
progress of super-resolution microscopy, it
is nowadays possible to obtain multicolor
fluorescence images at the nanoscale, with a
resolution comparable to electron
microscopy:101-103 no doubt, histochemistry
will continue to provide scientists the most
appropriate tools for precisely tracing
molecular maps in the attempt to get a
mechanistic explanation of the “behaviour”
of cells in tissues.
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