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Background: Neurodegenerative disorders include wide range of conditions,
which affect millions of people worldwide. Unfortunately, they are incurable
and irreversibly progressive. Immunohistochemical staining of paraffin-fixed
tissues for both diagnostic and research purposes are widely used. However,
large amount of brain tissues are fixed but little is known about whether they
are suitable for retrospective studies. The study aimed at investigating the effects of prolonged formalin fixation time on immunohistochemical expression
of some common neurodegenerative markers in archival brain specimens.
Materials and methods: Twenty brain specimens were obtained from human cadavers in the Anatomy Department of King Abdulaziz University that
were prefixed in 10% formalin. They were divided into two equal groups
according to time of fixation: group 1 — less than 1 year, group 2 — up
to 20 years. Histological examination of white and grey matter was done
using haematoxylin and eosin, luxol fast blue (LFB) for myelin staining, Congo red for amyloid plaques, CD 68 for microglial cells, tenascin-C (large extracellular matrix glycoprotein) and caspase 3 antibody for apoptotic cells.
Results: For both groups, corpus callosum sections displayed myelination
with LFB staining. The distribution of CD 68 positive microglial cells was evident in frontal and temporal grey matter, but not in corpus callosum sections.
Strongly positive masses were seen in Congo red-stained frontal and temporal
sections. Anti-caspase 3 immunostaining revealed positively stained neurons.
Conclusions: Histological and immunohistochemical techniques yielded reproducible staining results when applied to human brain tissue stored in formalin
for long periods; so they can be used in well preserved biobank material which
are the most targeting research areas in neuropathology. (Folia Morphol 2019;
78, 2: 230–236)
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INTRODUCTION

tion and repair [18]. Tenascin-C is also considered
a potential biomarker induced during inflammation
or cancer [17]. Caspase 3 is essential for normal brain
development and cell apoptosis [21]. LFB stain, also
known as (myelin stain), is commonly used to detect
demyelination in the CNS [5, 12]. CR is the diagnostic dye for amyloidosis, which is the hallmark of
degenerative diseases such as Alzheimer’s disease
[6]. The CR staining is a reliable technique to detect
amyloid deposits in tissues, especially if it is confused
with other materials when stained by haematoxylin
and eosin (H&E).
Our aim in this study is to determine the effect of
prolonged formalin fixation on immunohistochemical
expression of a panel of common neurodegenerative
markers in archival human brain specimens. The study
of postmortem human brain tissue is a powerful
method to investigate various neurological diseases,
thus providing better insight into their pathogenesis.

Paraformaldehyde (PFA) is the most commonly
used fixative material that preserves the gross anatomy of organs and the histological details of tissue
compared to other fixatives like acetone and alcohol.
For formalin fixation process, tissue is soaked in 10%
neutral buffered formalin for 24–48 h [8].
Formalin fixation is a chemical process in which
formaldehyde forms covalent bonds and produces
cross-links. Thus, this fixation may limit antibodies
permeation into the tissue, decrease the accessibility
of antigenic determinants and alter the structure of
the epitopes to be visualised by immunohistochemistry (IHC) [16, 20]. Moreover, prolonged time of formalin fixation can modify the structure of the epitope
to be visualised by IHC [16] and hence, reduce the
antigenicity and efficiency of IHC [20]. Despite that,
researches up to date revealed that some antigens
are sensitive to the fixation time more than others
[4, 16, 31]. However, only few studies showed that
human postmortem brain tissue can be fixed for
long periods up to several decades, and that some
epitopes could be preserved for years before declining in their immunoreactivity [7]. In contrast, other
studies indicated that prolonged fixation may affect
the efficiency of IHC [1].
Neurodegenerative diseases (NDDs) refer to
a wide range of conditions in which the neurons in the
brain and spinal cord become injured, degenerated
or eventually die. Those neuron cells actually cannot
regenerate themselves nor be replaced by the body.
Nowadays, NDDs became more common, especially Parkinson’s, Alzheimer’s and multiple sclerosis.
Unfortunately, they are incurable and irreversibly progressive conditions that lead to hopeless situations
starting from mental malfunctioning (dementias) to
more serious movement impairments (ataxias). Those
NDDs have some common markers such as CD 68,
tenascin-C and caspase 3 that can be identified by
IHC. Also, luxol fast blue (LFB) and Congo red (CR)
are specific stains confirming degenerative changes.
CD 68 is a useful marker for microglia, which
are specialised macrophage cells in the brain [11].
Microglia are activated and become phagocytes in
response to central nervous system (CNS) infection
or damage [24], which occurs in multiple sclerosis,
Alzheimer’s disease and Parkinson’s disease. Tenascin-C is expressed transiently by astrocytes during
embryonic development of the CNS [29]. Fibroblasts
and other tissues express it during cell differentia-

MATERIALS AND METHODS
Twenty brain specimens were obtained from human cadavers in the Anatomy Department of King Abdulaziz University that were prefixed in 10% formalin.
They were divided into two equal groups according to
time of fixation: group 1 — less than 1 year, group 2
— up to 20 years.
Five-micrometre (4 µm) sections of formalin-fixed,
paraffin-embedded (FFPE) tissue from the frontal and
temporal gyrus region were processed and sectioned.
Histological examination of white and grey matter
was done using H&E, LFB for myelin staining, CR for
amyloid plaques, and IHC was performed to assess
the expression of common molecular markers for
neurodegenerative diseases using antibodies against
CD 68 for microglial cells, tenascin-C (large extracellular matrix glycoprotein) and caspase 3 antibody for
apoptotic cells (Table 1).
Immunohistochemistry was performed using fully
automated Leica Bond machine. Epitope retrieval was
performed in all samples using Leica ER2 solution
(AR9640) at 97oC. Sections were placed in H2O2 (3%)
for 30 min in methanol.

RESULTS
Histological examination of H&E-stained sections
of frontal and temporal grey matter and corpus callosum revealed normal appearance. Examination of
LFB-stained corpus callosum sections of both groups
revealed darkly stained blue myelinated areas in some
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Table 1. Antibodies and conditions
Antibody

Species

Clone/company

Dilution

Antigen retrieval technique

Anti-tenascin-C

Mouse

Polyclonal/Merck Millipore (AB19013)

1:200

Automated ER1

Anti-CD 68

Mouse

Clone kp1/Dako

Prediluted

Automated ER2

Caspase 3

Rabbit

Ab2302

1:100

Automated ER1

sections whereas hypo-myelinated sections showed
pale blue staining (Fig. 1A–C).
In CD 68-immunostained sections of both studied
groups, positively stained microglia cells were seen
in frontal and temporal grey matter sections (Fig. 2A, B,
respectively) while in corpus callosum sections no
positive immunostaining was detected (Fig. 2C).
Examination of CR-stained sections of frontal and
temporal grey matter of both groups revealed dull red
staining of the neurons as well as the neuropil (Fig. 3A).
Strongly positive congophilic masses of variable sizes
were also seen among neurons (Fig. 3B, 3C). In some
sections, the blood vessels revealed amorphous congophilic amyloid deposits in their walls (Fig. 3D).
In tenascin-C-stained sections, differences in the
staining properties were observed among studied
groups. In corpus callosum sections, there was positive staining of the extra cellular matrix in both groups
(Fig. 4A, B), while in frontal and temporal grey matter
sections positive intracytoplasmic as well as extracellular staining were seen (Fig. 4C, D).
Frontal and temporal grey matter sections of both
groups that were stained with anti-caspase 3 antibodies showed multiple positively stained neurons as
well as some positively stained endothelial cells lining
blood vessels (Fig. 5A, B). The caspase 3-positive immunostaining was seen to be cytoplasmic (Fig. 5C).

A

B

DISCUSSION
In this work, we evaluate the effect of prolonged
formalin fixation on the efficiency of IHC staining of
archival human brain specimens. This approach has
been put to most practical use through the use of
specific antibodies raised against these ‘molecular
markers’. Several biomarkers and stains for neurodegenerative diseases were used.
Luxol fast blue stain was used to assess the feasibility of myelin staining in archival sections. Our
results were similar to those of Sheaffer et al. [22] who
examined brain sections, which were fixed in formalin
for up to 53 years, for myelin loss and astrocytosis
with satisfactory results. Others studied the relation

C

Figure 1. Luxol fast blue stained — corpus callosum sections;
A. Group 1, showing dark blue areas of myelination; B. Group 1,
showing pale blue areas denoting hypomyelination; C. Group 2,
showing areas of hypomyelination.
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Figure 2. CD 68 immunostaining; A. Frontal lobe section of group 1,
showing positively stained microglial cells (arrows); B. Temporal
lobe section of group 2, showing positively stained microglial cells
(arrows); C. Corpus callosum section of group 1, showing negative
immunostaining for microglial cells.

D

Figure 3. Congo red stained — frontal lobe sections; A. Group 1,
showing dull red staining of neurons (arrows) as well as neuropil
(arrowhead); B. Group 2, showing some small positively stained
congophilic masses (arrows); C. Group 1, showing large positively
congophilic masses (arrows) among positively stained neurons;
D. Group 2, showing congophilic deposits (arrows) within the wall
of some blood vessels.

233

Folia Morphol., 2019, Vol. 78, No. 2

A

B

C

D

Figure 4. Tenascin-C immunostaining; A. Corpus callosum section of group 1, showing positive staining for tenascin-C in the extra cellular
matrix (arrowhead); B. Corpus callosum section of group 2, showing positive staining for tenascin-C in the extra cellular matrix (arrowhead);
C. Frontal grey matter section of group 2, showing positive staining for tenascin-C intracytoplasmic (arrow) as well as in the extra cellular
matrix (arrowhead); D. Temporal grey matter section of group 1, showing positive staining for tenascin-C intracytoplasmic as well as in the extra
cellular matrix (arrowhead).

B

A

Figure 5. Anti-caspase 3 immunostaining of frontal grey matter
section; A. Group 1, showing some caspase 3 positive neurons
(arrows); B. Group 2, showing caspase 3 positive immunostained
neurons (arrows) as well as in some endothelial lining of a blood
vessel (encircled); C. Group 2, showing cytoplasmic positive
caspase 3 immunostaining (arrow).

C
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between brain stiffness and myelin content in brain
sections stained with LFB and quantified using image
analyser. They stated that brain stiffness increases
with myelin content [28].
According to Walker and Lue [26], microglia can
be detected in human brain sections, particularly in
diseased brains, using CD 68-antibody. This may be
attributed to changes in the properties of microglia
and can be considered as a common feature of human
neurodegenerative diseases [26]. That was consistent
with our results of CD 68 immunostaining to detect
microglia in studied sections.
Ando et al. [3] found that during life, the accuracy
of amyloid deposition in brain by clinical diagnosis is
only 65%; however, definite diagnosis is reached by
examination of the brain at autopsy. Previous work
showed that the detection of condensed beta-amyloid
in a secondary structure in brain parenchyma (amyloid
plaques) and blood vessels can be confirmed using
CR stain [30]. In our studied sections, CR staining
successfully detected amyloid deposits in the wall of
blood vessels, and in support to our data, Smith [23]
stated that cerebral amyloid angiopathy is considered
a morphological characteristic of Alzheimer disease.
However, it may be also seen in the brains of elderly
people who don’t have any neurological problems.
The extracellular matrix glycoprotein tenascin-C is
recognised in embryogenesis and wound healing as
well as in some neoplasia, such as gliomas, where it
can be used as prognostic marker for tumour recurrence [10]. The immunostained sections in this study
revealed varied staining pattern similar to results of
a study comparing the expression of tenascin-C in
grey and white matter of control human brains; significant differences was found by using Western blot
analysis or IHC [14]. Lee and McKinnon [13] stated
that apoptosis occurring in the nervous system may
be seen either during normal development, or can be
induced by disease or DNA damage.
It has been stated that caspase 3 protein is essential in mediating cell apoptosis, because it is affected by the cell surface death receptor [25]. On this
basis, our studied sections showed variable caspase
3 positive immunostaining. In support to our figures,
Machaalani et al. [15] studied the effect of tissue
fixation on caspase 3 immunostaining in brain tissue.
They found variations in the efficiency of IHC staining
using commonly available antibodies for caspase 3,
which was dependent on the animal species and tissue fixation method.

Our results point to the preservation of the antigenicity of some epitopes in archival human brain
tissue prefixed in formalin for long time. In agreement
with our results, Webster et al. [27] revealed negligible effects of prolonged time of formalin fixation on
antigen detection for many used antibodies in IHC
staining in domestic animals. All results collectively
encourage the use of IHC as a tool in diagnostic
pathology [19].
According to another study, exogenous factors
such as premortem or post mortem conditions can
affect postmortem brain tissue preservation [2]. The
question asked by Grillo et al. [9] is whether IHC on
archival formalin-fixed paraffin blocks has an expiry
date? Grillo et al. [9] studied the factors affecting immunoreactivity in paraffin embedded sections after
long term storage of formalin fixation. They stated
that loss of antigenicity was relational to the age of
tissue section and mode of storage. The cold storage
has the minimum effect and heat pretreatment for
antigen retrieval was needed for all antigens.

Conclusions
It is concluded that long-term formalin fixation of
human brains does not affect their antigenicity. Therefore there is increasing demand for brain banks with
proper selection and collection of postmortem brain
tissue. Information on individual’s previous neurological condition must be also provided. This represents
a unique archive for scientific research worldwide
using different histological (histochemistry and IHC)
techniques to study neurodegenerative diseases.
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