Introduction to Neuropathology – Part I

Introduction

Principles of neuroanatomy

Distribution of changes:
Focal, oligofocal, multifocal, disseminated, diffuse;
Unilateral, bilaterally symmetrical, bilaterally asymmetrical

Prof. Dr. W. Baumgärtner and Dr. P. Wohlsein
Department of Pathology
University of Veterinary Medicine
Hannover, Germany

Principles of neuroanatomy
Morphological findings
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Introduction

Objectives
Brief introduction on CNS and cells
Lesions of no significance and artifacts
Age-related changes
V
Vascular disorders
IInflammatory changes
Traumatic changes
T
Anomalous changes
A
M
Metabolic – toxic disorders
IIdiopathic lesions
N
Neoplasia
D
Degenerative changes

Technical remarks:
- inspection of all external aspects and cut surfaces!
changes in texture (gray, white matter, interface)
changes in color
turbidity
unusual blood vessels
disproportions - symmetry
changes in shape
increase of tissue
loss of tissue

Morphological diagnosis
Morphological DDx
Etiological diagnosis
Etiological DDx
Etiology

Name of the disease

Technical remarks:
- removal of brain and pituitary gland incl. rete mirabile
- sagittal fission of the skull
- removal of spinal cord (after removal of the vertebral
arches or after paramedial fission of the vertebral column)
- opening of the dura tube
- sagittal fission of the vertebral column (intervertebral discs!)
- fixation in 5-10% buffered formalin (1-10 days)

Principles of neuroanatomy
Technical remarks:
- inspection of the external aspect (meninges, shape,
gyri and sulci, symmetry)

Introduction

Introduction

Principles of neuroanatomy

Brain:
- transversal slicing of the brain and
inspection of internal surfaces and
cavities

Spinal cord:
- transversal and parasagittal
cutting levels (histology)
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Principles of neuroanatomy

Subgross anatomy of the spinal cord

Major anatomical regions of interest on external gross
examination:
3

I - Cerebrum:
1- Lobus frontalis

3- Lobus temporalis

4

2

2- Lobus parietalis

II III

1

I

4- Lobus occipitalis

II - Cerebellum
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Gray matter:
Dorsal view of the brain:

1. Dorsal horn
2. Ventral horn
3. Pars intermedia
4. Commissura grisea
5. Nucleus thoracicus
s. Stilling-Clarke´s
column

1
3

5
4
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III - Medulla oblongata

Subgross anatomy of the spinal cord

Principles of neuroanatomy
Major anatomical regions of interest on external gross
examination:

3

I - Cerebrum:
1- Pedunculus olfactorius

3

2- Lobus frontalis
3- Lobus parietalis

4

5

2

I

4- Lobus temporalis
5- Lobus occipitalis

II
III

1

II - Cerebellum
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Lateral view of the brain:

5

4
5
4

III- Truncus encephali
1

Principles of neuroanatomy

3
2

2- Lobus frontalis
3- Lobus temporalis

II - Cerebellum
III- Truncus encephali

III
1

I

II

Normal cells and structures

Introduction

Ventral view of the brain:
1- Pedunculus olfactorius

White matter:
4. ascending:
Tract. spinocerebellaris dors./
ventr.
5. descending:
Tract. pyramidalis
Tract. rubrospinalis

Hippocampus formation

Major anatomical regions of interest on external gross
examination:

I - Cerebrum:

1. Fissura mediana
ventralis
2. Sulcus medianus
dorsalis
3. Sulcus lateralis
dorsalis

CA1 and subiculum also termed
Sommer´s sector

dentate gyrus; hippocampus or cornu ammonis (CA) and subiculum
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Neurons of the CNS

Normal cells and structures

Normal cells and structures

Cellular composition of the CNS
Cell types:
neurons
neuroglia
- macroglia
- microglia
ependymal cells
choroid plexus cells
meningeal cells
e.g. arachnoidal cells
vascular cells
specialized cells of
the circumventricular
organs

Neuropil:
= tissue between neurons
three-dimensional network of cell processes (dendrites
and axons) with interspersed glial cells (~ 10x more than
neurons)

Neurons of the CNS

General aspects:
neuroectodermal origin
huge diversity in histological appearance at various neuroanatomical regions with different shapes and sizes

Normal cells and structures

Normal cells and structures

Neurons of the CNS

Basic structure of neurons
generally the largest cell
cytoplasmic aggregations of rER (Nissl´s substance)
round centrally located nucleus with nucleolus

-- -- ---- - - - - ---- ---- -- ---- -

arrangement in layers or clusters (nuclei)

Components:
dendrites (afferent)
cell body (Nissl substance)
axon (efferent)
terminal
axon

dendrite

perikaryon

nucleus

Ranvier
internode

myelin
sheath

Schwann
cell

Normal cells and structures

Normal cells and structures

Neurons of the CNS

Neurons of the CNS
Differences between:
Dendrites
Bring information to the cell
body
• rough surface (dendritic
spines)
• usually many dendrites/cell
• have ribosomes
• no myelin insulation
• branch near cell body

Axons
Take information away from
the cell body;
• smooth Surface
• generally only 1 axon/cell
• no ribosomes
• can have myelin
• branch further from the
cell body
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Diversity of neurons
A) Morphology:
unipolar neurons: only a single short process (axon);
e.g. primary sensory cells: rods and cones of the
retina, olfactory sensory cells

bipolar neurons: two processes extending from the cell
body; e.g. sensory neurons: 2nd neuron of the retina,
olfactory epithelium cells).

Neurons of the CNS

Basic reaction pattern

Normal cells and structures

Neurons of the CNS

multipolar neurons: many processes that extend from the
cell body; each neuron has only
one axon; e.g. spinal motor
neurons, pyramidal neurons,
Purkinje cells.

Basic reaction pattern

Diversity of neurons
A) Morphology:
pseudounipolar neurons: 2 axons rather than an axon
and dendrite; one axon extends centrally toward the
spinal cord, the other axon extends toward the skin or
muscle; e.g. dorsal root ganglion cells.

motor (or efferent) neurons: send information away from
the CNS to muscles or glands
interneurons: send information between sensory neurons
and motor neurons. Most interneurons located in the CNS.

Sequelae of neuronal damage:
intraneuronal inclusions:
e.g. Lafora bodies, eosinophilic inclusions (PseudoNegri bodies); vacuoles
Chromatolysis
Eosinophilic neuronal necrosis
Neuronal loss

Neurons of the CNS

Neurons of the CNS
Diversity of neurons
B) Function:
sensory (or afferent) neurons: send information from
sensory receptors (e.g., in skin, eyes, nose, tongue, ears)
toward the CNS.

Neuronal damage:
Mechanisms disturbing structural and functional integrity:
- excitotoxicity
(excessive release of excitatory neurotransmitter
[e.g. gutamate] and decreased removal by astrocytes)
- oxidative damage (highly reactive oxygen species)

Neurons of the CNS

Basic reaction pattern

Normal cells and structures

Normal cells and structures

Neurons of the CNS

Function:
Highly differentiated and functionally specialized cells!
- generation of action potentials
- conduction of action potentials along the axon
[enhanced efficiency by presence of segmented myelin
sheath internodes allowing saltatory conduction]

Sequelae of neuronal damage:
Trans-synaptic degeneration

Vandevelde et al., 2012
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Unusual cell types

Normal cells and structures

Basic reaction pattern

Neurons of the CNS
Sequelae of neuronal damage:
Wallerian (-like) degeneration

Cerebellar external germinal cells
actively dividing progenitor cells
located immediately beyond the pia mater of the cerebellar folia
migration of cells into the cerebellum:
differentiation into microneurons
(basket cells, stellate cells, inner granule cells)
sensitive to X-irradiation, virus-infections (e.g. feline parvovirus)
Postnatal persistence of external germinal cells:
Dog/cat: approx. 2-3 months
Calf: up to 6 months
DDx:
non-suppurative leptomeningitis

Vandevelde et al., 2012

Glial cells

Until the 1990s neurons were considered as postmitotic
fixed cells without regenerative potential.
Neurons are not capable of regeneration to a significant
extent, but even in adult brains neurogenesis and
interconnection into the neuronal network occurs!

Normal cells and structures

Normal cells and structures

Stem cells in the CNS

Macroglia
Oligodendrocytes
Astrocytes
- protoplasmic
- fibrous
Aldynoglia
Microglia

Aldynoglia: expression of p75NTR (low affinity neurotrophin receptor)

CNS progenitor cells
formerly termed spongioblasts
remnants of the germinal zone of the primitive neural tube
subgranular zone of the hippocampal dentate gyrus,
peri- or subventricular cells in the forebrain
(„Islands of Calleja“)
DDx: non-suppurative encephalitis
IHC: doublecortin!
expression of this microtubule-associated protein by
neuronal precursor cells and immature neurons

Oligodendrocytes

Normal cells and structures

Normal cells and structures

Unusual Cell Types

neuroectodermal origin
highly specialized cells
round dark nuclei, short cell processes
distal ends flatten into wide membranous sheets ( myelin)
lifelong oligodendrocyte precursor cell (OPC) generation
in hindbrain/telencephalon and dorsal spinal cord
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Normal cells and structures

Oligodendrocytes

Normal cells and structures

Oligodendrocytes

Myelin basic protein (MBP) gene expression

MBP exon 2 containing variants show a higher up-regulation
relative to the other mRNA variants during myelination and remyelination

Hansmann, 2013

Oligodendrocytes

Migration
Proliferation
Myelination

Normal cells and structures

Normal cells and structures

Oligodendrocytes
Developmental stages of oligodendroglial cells

General principles of demyelination
Primary demyelination:
- damage of oligodendrocytes (e.g. virus infection, ischemia)
with subsequent destruction of their membranous structures
forming myelin and phagocytosis (axon remains intact)
Secondary demyelination:
- primary axonal damage with subsequent obligatory loss
of the myelin sheath
Luxol fast blue/Holmes silver stain

Stangel M. und Hartung H.P. (2002) Prog. Neurobiol. 68(5) 361-376

Baumann N. und Pham-Dinh D. (2001) Biology of Oligodendrocyte and Myelin in the
Mammalian Central Nervous System, Physiol. Rev. 81(2), 871-927.

Oligodendrocytes

Normal cells and structures

Normal cells and structures

Oligodendrocytes
Developmental stages of oligodendroglial cells

Axonal damage (e.g. toxic,
meta-bolic, infectious) of
neuronal origin

Gray matter

or
axonal origin
Inside-outmodel

toxic, traumatic,
metabolic, infectious damage
of oligodendrocytes or myelin
sheaths

White matter

Primary axonal
damage

Disturbance of axonoligodendrocyte
interaction

apoptosis of
oligodendrocytes

secondary
demyelination

phagocytosis of damaged axons,
myelin and oligo-dendrocytes
(activation of microglia/macrophages)

Presentation of
auto-antigens

Secondary
axonal damage

primary
demyelination

toxic, metabolic,
infectious damage
of oligodendrocytes
or myelin sheaths

Outside-inmodel

Myelin attack

autoimmune T- and
B-cell-response
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Origin:
neuroectodermal
Functions:
intercellular homeostasis of ions, glutamine and
neurotransmitters (regulation of the microenvironment)
detoxification (e.g. oxidants, ammonia)
involvement in inflammatory and immune responses
structural support and guidance of fetal brain development
growth support for neurons and neurites
integral part of blood-brain/spinal cord barrier (glia limitans)
together with tight junction of vascular endothelial cells,
basement membrane and pericytes

Unusual cell types

Normal cells and structures

Normal cells and structures

Astrocytes

Morphological forms:
protoplasmic astrocytes (grey matter)
fibrillary astrocytes (white matter)
Marker molecules:
glial fibrillary protein (GFAP)
co-expression of vimentin and nestin in reactive and
neoplastic astrocytes
Unusual findings:
- Rosenthal fibers = eosinophilic material in processes of
astrocytes (tumours, chronic
injury or Alexander´s disease)

gemistocytic astrocyte (gemistocyte)
fibrillary astrocyte (long GFAP-positive cell processes)
In vivo and in vitro co-expression of vimentin in reactive
astrocytes
Alzheimer type II astrocyte (clustered in grey matter in
metabolic encephalopathy)

Central Schwann cells (cSCs)
precursor cells for oligodendrocytes and central Schwann cells
= proteoglycan NG2-expressing cells = NG2 cells
or polydendrocytes
cSCs cells resemble peripheral Schwann cells
expression of low affinity neurotrophin receptor p75

Unusual cell types

Normal cells and structures

Normal cells and structures

Astrocytes
Reaction pattern:
Astrocytosis = hypertrophy
Astrogliosis = proliferation

central Schwann cells
radial glia
tanycytes
olfactory ensheathing cells
pineal glia
pituicytes
Bergmann glia
Müller glia
share characteristics with astrocytes and oligodendrocytes
expression of p75NTR (low affinity neurotrophin receptor)

Unusual cell types

Normal cells and structures

Normal cells and structures

Astrocytes

Aldynoglia = Growth-promoting macroglial cells:

Hansmann, 2013
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Microglia/Macrophages

Marker expression of non-myelinating and myelinating Schwann
cells as well as central Schwann cells

Normal cells and structures

Normal cells and structures

Unusual cell types

Origin:
Microglia: derive from embryonic
yolk sac macrophages;
distinct from MΦ originating from
bone marrow-derived hematopoietic stem cells
Function:
Resident phagocytes of the CNS
„resting microglia“
capable of reactive proliferation
under certain conditions
antigen-presentation
modulation of inflammatory and immune responses

Hansmann, 2013

Microglia/Macrophages

Synantocytes
subpopulation of NG2-cells contacting neurons
prominent arborization of cell processes
monitoring signals from neurons to glia.
synantocyte

Normal cells and structures

Normal cells and structures

Unusual cell types

Marker molecules:
Cd18, Cd11d: for resting microglia and MΦ
CD68, lysozyme, myeloid/macrophage antigen: in part
MHC class I and II: for resting microglia and MΦ
Bandeiraea simplicifolia (BS-1): activated microglia
(FF-PE tissue reactivity!)
Inflammatory conditions: blood-born marcrophages and
microglia cannot be distinguished from each other
neither by morphology nor by antigenic markers
summarizing term: microglia/macrophages or phagocytes
Scanning electron microscopy:
spines (microglia)
ruffled borders (blood-borne macrophages)

Mod. Nishiyama Neuroscientist 2007 13: 62

Microglia/Macrophages

Unusual reactive astrocytes in adult cats
oval to polygonal shape
diameter of about 20 µm
short, barely detectable processes
condensed, hyperchromatic, eccentric nucleus
abundant, homogenous, eosinophilic cytoplasm
GFAP and S-100 protein: positive
vimentin: negative

Topography:
white matter of the hindbrain
(brains with status spongiosus!)
in association with inflammation or neuronal degeneration
also in brains without other histological changes
function/significance?

Normal cells and structures

Normal cells and structures

Unusual cell types
-

Look alike, immunohistology does not allow
to distinghuish between the two
(murine inflammatory monocytes express:
CCR2 and Ly6)

-

CD45 low expression (FACS): inactivated
microglia but not in activated microglia and
macrophages (CD45 high)
in inflammatory conditions:
microglia/macrophages or phagocytes
preferred term
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-

-

Microglia/Macrophages

Look alike, immunohistology does not allow
to distinghuish between the two
(murine inflammatory monocytes express:
CCR2 and Ly6)
CD45 low expression (FACS): inactivated
microglia but not in activated microglia and
macrophages (CD45 high)
in inflammatory conditions:
microglia/macrophages or phagocytes
preferred term

Normal cells and structures

Normal cells and structures

Microglia/Macrophages

Microglia/macrophages are related to secondary
tissue damage in diseases of the CNS!
But they are also necessary e.g. for debris clearance and
therefore exhibit protective/regenerative effects.

Different subsets of microglia/macrophages:
proinflammatory, classically activated cells called M1
anti-inflammatory, alternatively activated cells called M2

Normal cells and structures

Microglia/Macrophages

Microglia distribution

The microglia family

Spinal cord

ramified
CNS parenchyma

perineuronal

ameboid
rod-shaped

The end stage cell
phagocytic

Large numbers of microglia in all major divisions of the central nervous system.
Density: gray >> white matter
According to Lawson et al.,Neuroscience 1990,
Gehrmann at al., Brain Res Brain Res Rev1995

Microglia/Macrophages

Morphological changes of microglial cells depending
on the age of the animal and functional requirements *

Birth

postnatal

adult

ramified

reactive

ameboid

phagocytosis
gliogenesis
neuronal growth
(neurotrophic factors)

resting

phagocytosis
antigen präsentation
gliosis

Normal cells and structures

Normal cells and structures

Microglia/Macrophages

*modified according to Nakajima, Kohsaka; Neurosc. Res. 17:187-203, 1993

9

Lymphocytes
Primed in the lung?

Inflammatory cells

Normal cells and structures

Microglia/Macrophages
Polarity of microglia/macrophages in the posttraumatic
murine spinal cord

David & Kroner, Nature Rev Neurosci, 2011

Kigerl et al., J Neurosci, 2009

• Closure of the blood
brain barrier (BBB)
• In chronic CNS
diseases
– prolonged
neuroinflammation
– therapy failure

Onset and dynamics of the CNS compartmentalization in
most domestic animal diseases remain undetermined.

Lymphocytes

Inflammatory cells

Normal cells and structures

CNS Compartmentalization

Lymphocytes

T cell blasts do not efficiently enter the CNS!
intravenously transferred T cell blasts gain
the capacity to enter the CNS after
residing transiently within the lung;
within the lung they move to bronchus-associated
lymphoid tissue, followed by lung-draining
mediastinal lymph nodes before they enter
the blood ciruculation and then the CNS;
Conclusion:
lung contributes to the activation of potentially
autoaggressive T cells!!

Lymphocytes

Tregs
Function:
- key role in maintenance of immunological tolerance
- key role in prevention of immunopathology
Viral diseases (many questions to be answered!)
detrimental: virus persistence, disease exacerbation
beneficial: reduced immune-mediated tissue damage

Inflammatory cells

Inflammatory cells

Primed in the GI tract?
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Commensale microbiota and myelin autoantigen
cooperate to trigger autoimmune demyelination
Commensal gut flora - in the absence of pathogenic
agents - is essential in triggering immune processes,
leading to autoimmune disease driven by myelin specific
CD4+ T cells
Commensal microbiota shape gut-associated lymphoid
tissue (GALT)

Choroid plexus (CP)

Normal cells and structures

Inflammatory cells

Lymphocytes

Marker molecules:
GFAP (variable immunoreactivity in
normal and neoplastic ependyma)
Vimentin (more consistently positive)

Unusual cell type

Normal cells and structures

Allow bi-directional flow of fluid and proteins between
liquor space and CNS

Normal cells and structures

Normal cells and structures

Morphology and function:
on the surface of the choroidal epithelium
cytoplasm frequently with vacuoles
EM: long cellular processes
scavenger cells
possible role in immunological responses and iron
regulation in the ventricular system or the brain
increased number following ventricular infection

Meninges

Ependymal cells
Pathology:
viral cytolysis (e.g. canine parainfluenza virus),
inflammation (ependymitis) or traumatic loss:
repair with rosette formation
sub- and supraependymal astrogliosis
partial or complete obstruction of CSF flow with
acquired hydrocephalus

Marker molecules:
cytokeratin (low and high molecular weight)
neoplastic CP: variably GFAP

Epiplexus or Kolmer cells

Ependymal cells
Morphology and function:
single layer of ciliated ependymal cell lining ventricles,
mesencephalic duct and central canal of the spinal cord.

Morphology and function:
highly vascularized, leaf-like structures in ventricles
main producers of cerebrospinal fluid
CP cells secrete a range of growth factors, neurotrophins,
and enzymes into the CSF that eliminate toxic molecules
essential for neurite outgrowth
possible source of neural stem cells

Morphology and function:
pachymeninx
= Dura mater (fibrous tissue)
leptomeninx
= Arachnoidea and Pia mater;
inbetween subarachnoidal space
arachnoidal cells = meningothelial cells
= epitheloid modified fibroblasts
involvement in CNS infections
reactive change: fibroblastic proliferation
collagen fiber synthesis
Marker molecules:
vimentin (consistently)
cytokeratin (inconsistently)
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Lymphatics in the CNS

Normal cells and structures

Normal cells and structures

Meninges

Functional lymphatic vessels lining the dural sinuses
(meningeal lymphatic vessels)!

Circumventricular organs (CVOs)

Normal cells and structures

Normal cells and structures

Lymphatics in the CNS?

Topography:
in the walls of the lateral, third, and fourth ventricles
neuroparenchyma-CSF interface
Common morphological features:
high vascularization
fenestrated endothelium (except subcommissural organ)
high capillary permeability
disrupted blood–brain barrier (BBB)
direct exchange between blood and nervous tissue
luminal surface covered with distinct ependymal cells
(devoid of cilia)

Circumventricular organs (CVOs)

Normal cells and structures

Normal cells and structures

Lymphatics in the CNS
Function: connect CSF with deep cervical
lymph node

Functional waste clearance pathway, para-arterial, removal of
interstitial fluid; extracellular fluid driven by: arterial pulsation and
contraction of brain extracellular space (sleep)

pineal gland

subcommissural organ
subfornical organ

choroid plexus
IV. ventricle

vascular organ of the
lamina terminalis
area postrema
median eminence/neurohyopophyseal complex
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Circumventricular organs (CVOs)

Median eminence/
neuro-hyopophyseal complex

Eminentia mediana

Neurohypophysis:
distal part = the neural lobe
proximal part = median eminence

Pars distalis

Normal cells and structures

Normal cells and structures

Circumventricular organs (CVOs)

Pineal gland
Topography:
posterior wall of the third ventricle just rostrally to the rostral
colliculi
phylogenetic orgin from photoreceptive organ
essential organ in photoneuroendocrine system (“inner clock”)
synchronization of gonadal activity
control of reproduction in photoperiodically dependent species
Constituents:
pinealocytes (ovoid cell shape and moderate cytoplasm)
interstitial cells, perivascular phagocytes, and neuron-like cells
GFAP-positive (resembling fibrillary astrocytes )
depositis of Ca-Mg-salts („brain sand“; corpora arenacea)

Constituents:
axons of hypothalamic nuclei
capillaries
specialized astroglial cells (= pituicytes; GFAP: positive)
hypothalamic neurohormones = neurosecretory granules
= Herring bodies (corpusculum neurosecretorium)
DDx:
axonal spheroids
viral inclusion bodies

Normal cells and structures

Circumventricular organs (CVOs)
Subcommissural organ (SCO)
Topography:
at the entrance of the mesencephalic duct
Constituents:
ependymal and hypendymal cells
highly specialized in secretion
of high-molecular-mass glycoproteins (SCO-spondin)
matrix
Proteins released into the CSF
soluble
aggregation to a threadlike supramolecular structure
= Reissner's fiber:
mesencephalic duct
IVth ventricle
central canal
filum terminale

Normal cells and structures

Median eminence/
neuro-hyopophyseal complex

Circumventricular organs (CVOs)

Findings of uncertain / no significance

Normal cells and structures

Circumventricular organs (CVOs)

Area postrema (AP)
Topography:
caudal end of the brain stem on the floor of the fourth ventricle
covered by a monolayer of flat ependymal cells
spongy appearance due to rich vascularity
population of small neurons
true brain stem nucleus
central chemoreceptive organ/important autonomic area
(cardiovascular and respiratory regulation; central emetic reflex)
DDx:
Granulation tissue

Central Chromatolysis
= absence of central Nissl´s substance
certain nuclei of the CNS affected:
olivary nucleus, pontine and supraoptic nuclei,
lateral cervical nucleus of the spinal cord
normal finding

Central chromatolysis

Diffuse distribution of
Nissl´s substance

Total chromatolysis
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Spheroids
= focal swellings of axons
horses: few spheroids in the lateral cuneate nucleus
cattle, sheep, dogs: at various sites of the brain and spinal cord
Torpedos focal swellings of Purkinje cell axons
DDx:
large numbers indicative for axonopathy

Satellitosis

= increased accumulation of perineuronal satellite cells:
oligodendrocytes; occasionally astrocytes or microglial cells
located within the "satellite space“;
number varies in different areas of the brain and between species
common in spinal and trigeminal ganglia
normal finding
contribution to metabolic function of neurons
secondary to neuronal degeneration
may precede neuronophagia
DDx:
Lymphocytic infiltration

Findings of uncertain / no significance

DDx:
Transmissible spongiform encephalopathy

Findings of uncertain / no significance

cytoplasmic vacuolation in single neurons in several species
cattle: - frequently: red nucleus and habenular nucleus
- occasionally: reticular formation, other brain stem nuclei
sheep: neurons of the medulla
normal finding

Findings of uncertain / no significance

Findings of uncertain / no significance
Findings of uncertain / no significance
Findings of uncertain / no significance

Neuronal vacuolation

Melanosis
Pigmented melanocytes
regularly found scattered in the leptomeninx of sheep and cattle
frontal lobes, spinal cord, stroma of the choroid plexus,
adjacent to blood vessels within the neuroparenchyma
normal finding
DDx in sheep: mimicking neoplastic growth

Neuromelanin
structurally and biochemically different to melanin found in
leptomeningeal melanocytes
organic polymer of dopamine metabolic products
H&E: much darker than lipofuscin
particularly present in neurons of the substantia nigra
DDx:
Storage material

Lipofuscin
golden brown to reddish, fine granular, autofluorescent pigment
occurs with aging in all domestic animals
not all populations of neurons similarly affected
not in canine Purkinje cells/dorsal motor nucleus of vagal nerve
consistent accumulation: hypoglossal and oculomotor nuclei
DDx:
Neuromelanin; other storage material.
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Dark neurons
Artifact or genuine lesion?
may be an artifact!

spherical structures
10-50 µm in diameter
hyaline matrix with lamellated calcification
matrix originates from arachnoidal cells
spinal rootlets! occurrence increases with age.
incidental finding
often in meningeomas

Artifacts

Findings of uncertain / no significance

Psammoma bodies

DDx:
ossifying pachymeningitis
metastatic vascular calcification
disease-associated dystrophic
calcifications
artifactual dislocation of
mineralized tissue fragments

Morphology:
irregular, corkscrew-shaped apical dendrites
shrunken, dark-stained nucleus
separation from adjacent neuropil (paraffin embedded tissue!)
often scattered among histologically intact neurons
DDx:
experimentally induced hypoglycemia, ischemia, ischemia
reperfusion, physical forces (head injury), electric shock

Buscaino bodies

CNS is highly susceptible to artifacts!
confusion with genuine neuropathological changes
Occurrence of artifacts:
dissection
Gentle handling highly recommended!
sampling
fixation
processing
sectioning
staining

Artifacts

Avoiding artifacts

Artifacts

caused by post mortem trauma or distortion of the unfixed CNS:
manipulation (e.g. pressure) of CNS in the early post-mortem
phase prior to fixation
insufficient time after perfusion fixation (hours!)
manipulation brain biopsies!

Syn. mucocytes
glassy, gray-blue, often PAS-positive, round to oval, or
lobulated, mucin-like material (~ 100 µm Ø)
preferentially white matter
alterations of myelin fixation (liquefaction and precipitation)
DDx:
Polyglucosan bodies, edema, accumulated material in storage
disorders

Angle:
Max: 45º

correct

incorrect

Avoiding artifacts

Shrinkage artifacts
commonly observed!
clear spaces around neurons, glial cells, blood vessels
caused by insufficient dehydration and inadequate
impregnation with paraffin wax

Reliable hints for intravital damage:
hypertrophy of vascular endothelial cells
infiltration of neutrophilic granulocytes
macrophages within myelin digestion chambers
(astro)gliosis

Artifacts

Artifacts

Fixation:
by free floating immersion into 10% buffered formalin

DDx:
perivascular or astrocytic edema;
Pericellular retraction spaces with cellular drop outs may mimic
spongiosis!
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Freezing – Fragments - Debris

Liquefaction of the CNS caused by body´s own enzymes
(e.g. abortions)

Freezing artifacts:
clefts and linear fissures caused by formation of ice crystals

DDx:
- normal immature, soft CNS with low degree of myelin formation
- hypo- or dysmyelinogenesis

Tissue fragments:
dislocation of soft tissue and bone fragments into the CNS when
using electric or manual saws for opening of the bony shells

Artifacts

Artifacts

Post mortem autolysis

Post mortem cyst formation

Leptomeningeal emphysema - Distension
Forcible removal of the skull:
artifactual leptomeningeal emphysema

Artifacts

Artifacts

saprophytic gas-producing bacteria
post mortem grossly
visible cyst formation (“swiss cheese”)
DDx:
gas bubbles in the CNS of marine mammals entangled and
drowned at depth in gillnets

DDx:
spongy degeneration in intoxications or metabolic disturbances

separation of brain structures:
molecular layer and Purkinje cells from granule cell layer
of the cerebellum

Cerebellar conglutination
Susceptibility of the cerebellar granular cell layer of cattle and
other bovidae to post mortem lysis;
Purkinje cells remain relatively well preserved.

Artifacts

Artifacts

Vacuolation
cause: autolysis, prolonged contact to 70% ethanol
neuropil and white matter
irregular shaped and sized vacuoles
often not sharply demarcated
non-symmetrical occurrence

DDx:
psammoma bodies

DDx:
vital granule cell degeneration, abiotrophy
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Hemolysis

Additional handling-related displacements of gray and white
matter
“tooth-paste”-appearance of the spinal cord.
DDx:
intravital hemorrhages

Age-related changes

Artifacts

Increased post mortem vascular permeability and hemolysis
diffusion of hemoglobin into adjacent neuroparenchyma
spotted red appearance

Morphological changes in old animals

Bacteria, Fungi and Nematodes

Post mortem invasion
of earth nematode

Intravital invasion of
Halicephalobus (Micronema) deletrix

Excursion: Alzheimer´s disease (AD) in humans

Age-related changes

Artifacts

Advanced post mortem decomposition:
Invasion of bacteria, fungi and nematodes into the CNS

Don´t hesitate to use standard text books of neuroanatomy
and –histology !

Alois Alzheimer, 1864 - 1915
Most common cause of dementia in older people
(increased risk after age 65)
AD affects the regions of the brain that control thought,
memory, and language.
Hallmarks of AD:
senile neuritic plaques
neurofibrillary tangles
cerebral amyloid angiopathy

Excursion: senile plaques in man

Age-related changes

Concluding Remarks

Requirements for Neuropathology
in-depth knowledge of neuro-anatomic/–histologic architecture
skills about technical procedures:
collecting the CNS tissue
dissecting the area of interest
avoiding too much artifacts
high-quality material for interpretation

Morphology:
leptomeningeal fibrosis
osseous metaplasia
cholesterol granuloma
hydrocephalus ex vacuo
loss of neurons (mice, rats, dogs)
age-related astrogliosis (dogs, other animals)
inclusions in neurons
Lafora bodies
lipofuscinosis
white matter degeneration
vascular mineralization
atherosclerotic vascular degeneration
senile plaques

neuronal β-amyloid precursor protein (APP)

extracellular βamyloid aggregates
(senile plaques
= Aβ protein)
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Senile plaques in old dogs

Illustration of a non-neuritic plaque

Comparison of different methods for detection
of plaques in aged dogs*

βAPP-IHC

diffuse

100

100
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Percentage

Age-related changes

Age-related changes

Excursion: Plaque types in man
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0
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Congo red

= βAPP

*Mean plaque number/ 6.25 mm2

Excursion: Plaque types in man

Senile plaques in old dogs
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Schematic illustration of the various types of neuritic plaques

Age-related changes

Age-related changes

Age-dependent occurrence of plaques in dogs*
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47
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*Immunohistology of β-amyloid

Reusche
Campbell-Switzer
Gallyas
Bodian (modified)
Bielschowsky (modified)
Immunohistochemistry:
Aβ protein (β-APP)
In dogs: Neurofibrillary tangles and Congo red-positive
neuritic plaques were not found with any method!
No plaques were detected in the white matter!
No plaques were detected in the molecular layer of the
neocortex.

Senile plaques and vascular amyloid angiopathy

Age-related changes

Age-related changes

Methods for detection of plaques

All animals with cerebrovascular β-APP protein deposits
invariably exhibited plaques but not vice versa!

Great individual variations were observed in aged animals.
Cluster analysis suggested the presence of three subgroups:
aged dogs with a
► low,
► medium and
► high number of plaques.
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Age-related changes

Amyloid Precursor Protein

β-amyloid

Summary I

Age-related changes

Senile plaques in old dogs

Microglia and
astrocytes

Cytokines

200

in dogs aged > 133 months 96% drop
compared to young adults.

150

100

*

50

0
13-36

37-84

*
85-132

Age in months

*

≥133
Pekcec et al., Aging cell, 2008

Amyloid deposition is an age-related process starting
in dogs at 8 years of age.
Amyloid plaques occur in the cerebral cortex and
gray matter of brain stem, but not in the white matter
and cerebellum.
Correlation between vascular amyloid deposition
and number of plaques.
Correlation between microhemorrhages and
vascular amyloid deposition.

Summary II

Age-related changes

Age-related changes

Number of DCX-pos. cells

Neurogenesis in old dogs

Age-related increase of fibrosis and lipofuscin
deposition (not related to plaques).

Diffuse plaques only, no tangles
Two plaque types:

- condensed
- non-condensed

Cluster analysis of plaque density revealed
three groups of aged dogs.
Immunohistochemistry is the most sensitive
method for detection of β-amyloid.

Brains from nonlaboratory dogs that were exposed to a variety of
environmental conditions throughout their life;
doublecortin-labeled cells in the dentate gyrus;

8

6

4

2

0
control

plaques

Summary III

Age-related changes

Number of DCX pos.cells

Age-related changes

Neurogenesis in old dogs

Age-related findings in the gray matter:
Increased MHC class II expression
Plaque-associated findings:
Increased APP and vascular IL-1 expression
Additional finding:
Age-related leukoencephalopathy:
increased number of APP positive spheroids
increased number of eosinophilic granules
increased BS-1-positive microglial cells

Comparison of doublecortin expression in canine brain tissues
with or without diffuse plaques revealed no differences.
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