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APPENDIX — INDIVIDUAL HUMAN CASES
CASE 1

Clinical summary A 77 year-old male with quadriparesis following a cervical spine operation

occurring 8 years prior to death from ischaemic heart disease.

On macroscopic examination there was an old fusion at C5-6. An anterior disc bar extending 8mm
rostral-caudal, 3mm A-P and 20mm side to side was found at C3-4. At C4-5, there was focal
wasting associated with the disc bar, and wasting of C6-C7 over 20mm corresponding to the level

of fusion.

On microscopic examination the posterior cord was distorted and atrophied at C4-5. There was
demyelination, subtotal loss of anterior horn cells and arachnoid fibrosis at this level. There was
ascending tract degeneration of the posterior columns above. C6 segment showed severe old cystic
necrosis in the dorsal and anterolateral region of the cord. Below the site of compression there was

descending corticospinal tract degeneration.

Pathology — brain

1. Old plaques jaune in both temporal lobes, left much worse than right.

2. Hydrocephalus, probably compensated aqueductal stenosis.

Pathology — spine and spinal cord
1. C3-4 disc bar.
2. C5-6 fusion (status post operative).

3. Compression myelopathy with focal cord wasting at both these levels.

Haematoxylin and Eosin

Macroscopic findings C2 (N21), C4 (N24, N25) were macroscopically normal. At C3 (N22) there
was a well-defined loss of tissue in the lateral white matter however this appears to be artefact. The
C4/5 (N26), C5 (N27, N28) C5/6 (N29) segments show a compressed or atrophied spinal cord and
pallor of the posterolateral region. At C6 (N30, N31) there is mild wasting evident on the posterior
aspect and continuing pallor of the cord. At C6/7 (N32, N33) and C7 (N34) there is significant
wasting and a clearly defined loss of tissue can be seen in one posterior column and in the opposite
lateral column. In C7 (N35) the cystic change extends from the lateral into the anterior spinal cord
unilaterally. In segments C7/8 and C8 (N36, N37) the shape is normal and there is visible pallor of
the grey matter. T1 (N40) segment was macroscopically normal.

263



Microscopic findings At segments C2 (N21), C3 (C22) and C4 (N24, N25) there is oedema as
well as mild break-down of tissue within the posterolateral white matter which may be artefact.
Sections N21-N24, and C4/5 (N26) show a decrease in AHC numbers on one side. At C2 (N21)
there are two neurons displaying red cell change. Section N25 shows no AHC loss. In C3/4 (N23)
and C4 (N24) there are occasional neurons showing the features of red cell change such as
eosinophilia, shrinkage, nuclear pyknosis and loss of Nissl substance consistent with hypoxic or
ischaemic damage. C4-5 (N27), C5 (N28) show a bilateral subtotal loss of AHCs. In N27 there is
peripheral vacuolation and macrophages present in the posterior nerve root extending into the
posterior horn. In N28 there is vacuolation throughout the cord and significant loss of tissue in both
posterior columns as well as the posterior horn. The lateral corticospinal tracts appear unaffected.
Macrophages are scattered through these areas. In C5/6 (N29), C6 (N30, 31) there is complete
cystic cavitation of the posterior horn and lateral white matter on one side. Vacuolation and is seen
throughout the spinal cord and many macrophages exist in the grey matter. In sections N29 (C5/6)
and N30 (C6) the anterior horn cells appear spared but there is a subtotal loss of AHCs in N31 (C6)
and N32 (C6/7). There are clusters of mononuclear cells of a morphology consistent with
lymphocytes. At C6/7 (N33), C7 (N34, N35) there is severe, cystic cavitation and destruction of the
lateral cord on one side. In section N35 there is also a loss of the anterior white matter. There is a
subtotal loss of AHCs in these sections and congestion of vessels. C7/8 (N36) shows a complete
loss of AHCs on one side and subtotal loss on the other. There is extensive cystic change of the
grey matter and also affecting the medial white matter. Many tissue macrophages are seen in these
necrotic areas and there is a general engorgement of vessels. T1 (N40) and C8 (N37) showed a
unilateral loss of anterior horn cells. There is lateral vacuolation and disruption of the white matter

but in places this is not distinguishable from artefact. No axonal swellings were observed.
Weil On Weil staining there was unilateral decreased staining of the lateral corticospinal tract

below the lesion and of the posterior columns and lateral spinothalamic tracts above the lesion

consistent with demyelination and Wallerian degeneration.
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Immunohistochemical results

CASE 1 — Compression C3/4 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C2 - - + + - - - + + + +
C3 - - + + - - - + + + +
C4 - - + + - - - + + + +
C4/5 - - + + - - - + + + +
C5 - - + + - - - - + + +
C5/6 - - + - - - - - + + +
C6 - - + + - - - + + + +
C6/7 - - + + - = - + + + +
C7 - - + + - - - + - + +
C7/8 - - + + - - - + + + +
C8 - - + + - - - + + + +
T1 - - + + - - - + + + +

* Shaded rows represent the site of compression

APP Non-specific immunopositivity was present in segments C4-C8 (N23-N36).

Active caspase-3 Immunopositive cytoplasmic profiles were more numerous surrounding cystic

areas and were morphologically suggestive of macrophages and lymphocytes. Non-specific, small

foci of immunopositivity were seen within the neuropil.

DNA-PKcs Immunopositive nuclear and cytoplasmic profiles were more numerous surrounding
areas of cystic degeneration and were morphologically suggestive of macrophages and
lymphocytes. DNA-PKcs positive glial profiles were rare at the site of compression but were more
numerous above and below the lesion, present in all sections except N30 (C6). These cells were
most often seen in the subpial region where there is increased background and therefore may not be
truly positive. Rare, immunopositive neuronal nuclei were found in C6 (N31) and C6/7 (N33)

however the degree of tissue destruction near such cells may have contributed to a false result.

PARP Immunopositivity was found within the white matter at all levels except C5/6 (N29) and C6
(N30). Immunopositive nuclear and cytoplasmic profiles were more numerous surrounding areas of

cystic degeneration and were morphologically suggestive of macrophages and lymphocytes. PARP
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positive glial profiles were present in small numbers at the site of compression C4 (N23, N24) but
were more numerous above and below the lesion at levels N21, 22, N25, N37 and N40, scattered
throughout the white matter. Sections that were immunonegative for the PARP antibody
corresponded to levels where necrosis and wasting were a feature at C4/5 (N26) to C7/8 (N36).

Negative in neurons and axons.

Bcl-2 Immunopositive cytoplasmic profiles were seen surrounding cystic areas and were

morphologically suggestive of macrophages and lymphocytes.

EAS Occasional cytoplasmic immnuoreactivity to FAS was seen on the periphery of the spinal
cord in C2 (N21) however this was in a region of increased background and likely therefore to be
artefact. Non-specific staining, rare profiles recognised to be macrophages were seen in segment
C6 (N31) and C6/7 (N32).

Caspase-9 Non-specific cytoplasmic immunostaining was seen in regions of cystic degeneration in

cells whose morphology was consistent with lymphocytes.

TUNEL Occasional glial immunopositivity was found in segments C2 (N21), C3 (N22) and C3/4
(N23). Below the lesion at C7/8 (N36), C8 (N37) and T1 (N40) more numerous immunopositivity
was present within nuclei, the morphology suggestive of glia. Immunopositive anterior horn cells
were present in C2 (N21)-C4/5 (N26), C6 (N30)-C6/7 (N33) and C7 (N35)-T1 (N40). In 7 of these
12 sections there was also neuronal staining within the posterior horn (N22, 30, 31, 33, 35, 36, 37).

CMAP Immunopositivity was seen in glia, neurons, the majority of axons both small and large,
and in ependymal cells. The degree of background staining negates the specificity of this marker at

the dilution used.

Amy-33 amyloid beta Neuronal immunoreactivity was seen in all sections except C7 (N34) where

no neuronal profiles were identified due to tissue necrosis. Rare axonal immunopositive profiles

were present and non-specific staining in some sections. There was no glial immunoreactivity.

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF Glia cytoplasmic immunopositivity was present throughout the white matter, and neuronal
immunopositivity in the grey, above (C2-N21, C3-N22, C3/4-N23) and below the lesion (C5/6-

266



N29, C8-N37, T1-N40). At C7 (N34, N35), C7/8 (N36) there was subtotal necrosis of the
posterolateral cord, however glial immunoreactivity and neuronal immunoreacitvity was present in
preserved regions. A similar pattern of staining was present at C5 (N28), C6 (N30, N31) and C6/7
(N32, 33) however the degree of tissue necrosis / cystic necrosis was less than at C7, C8. In section
N24 at the site of compression, C4, there were fewer immunopositive glial profiles throughout the
white matter. Neuronal staining was present in more than ten neurons on one side and four on the
other. A greater number of immunopositive glia were found in section N25 of C4 as well as
neuronal immunoreactivity in both anterior horns. There was no immunopositivity within axonal
profiles. At C4/5 (N26, N27) immunopositive glia were seen throughout the white matter and

neuronal immunopositivity on both sides.

Timeline of clinical progression

Death June
1970 1978 (IHD)

Quadriparesis following cervical spine
surgery.
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Spatial Distribution of Staining — Case 1
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Spatial Distribution of Staining — Case 1

Case: 1

PARP

Levels:

a) One level above site - c2
b) At the site of compression - C4
¢) Two levels below site - C8

a)

)

Case: |
AlF 1

Levels:

a) One level above site
b) At the site of compression
©) Two levels below site

a)

b)

)
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Case: 1
TUNEL

Levels:

a) One level above site - c2
b) At the site of compression - c4
¢) Two levels below site - Cc8

a)




Key — Spatial distribution of staining for cross-sectional diagrams.
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Summary of immunohistochemistry Case 1

Glia: DNA-PKcs, PARP, TUNEL,

AlF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, Amy-33,
CMAP

C2

H&E: oedema
Weil: pallor posterior column

Glia: DNA-PKcs, PARP, TUNEL,

AlF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, Amy-33,
CMAP

Glia: DNA-PKcs, PARP, TUNEL,

AIF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, Amy-33,
CMAP

H&E: oedema, red cell change
Weil: pallor posterior column

H&E: atrophy, pallor posterolateral cord,
oedema, loss AHCs, red cell change,
vacuolation subpial, macrophages

Glia: DNA-PKcs, AIF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, Amy-33,
CMAP

H&E: atrophy, pallor posterolateral cord,
loss AHCs, vacuolation throughout, lateral
cystic change, macrophages

Glia: AlIF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, Amy-33,
CMAP

//////

/
/
///
//?
.

H&E: atrophy, pallor posterolateral cord,
posterolateral cystic change, macrophages,
loss AHCs

Weil: pallor lateral corticospinal tract

Glia: DNA-PKcs, PARP, TUNEL,

AIF, CMAP H&E: atrophy, cystic change all regions,
Axons: CMAP Cc7 loss AHCs, cystic change, congestion
Neurons: TUNEL, AlIF, CMAP Weil: pallor lateral corticospinal tract
Glia: DNA-PKcs, PARP, TUNEL,

AIF, CMAP H&E: loss AHCs, macrophages,
Axons: CMAP C8 congestion
Neurons: TUNEL, AIF, Amy-33, Weil: pallor lateral corticospinal tract

CMAP
Glia: DNA-PKcs, PARP, TUNEL,

AlF, CMAP T H&E: loss AHCs, vacuolation
Axons: CMAP Weil: pallor lateral corticospinal tract
Neurons: TUNEL, AIF, Amy-33,

CMAP
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Conclusion On postmortem examination a single anterior disc bar was found to impinge onto the
spinal cord and there was associated wasting. Evidence of ongoing cord compression and chronic
inflammation is seen on microscopic examination of the spinal cord with cystic degeneration,
vacuolation, arachnoid fibrosis and the presence of macrophage invasion. In the intact areas of
white and grey matter surrounding the cyst there was immunopositivity to caspase-3, DNA-PKcs,
PARP, Fas, Bcl-2 and caspase-9. In addition there was loss of both neurons and glia. Significant
numbers of anterior horn cells and neurons of the posterior horn were immunopositive for the
TUNEL marker. Neuronal immunopositivity using Amy-33 marker of amyloid-beta was also a
feature. In areas of the white matter where glia was still present, nuclear immunopositivity to
PARP, DNA-PKcs and TUNEL was seen which indicate that nuclear DNA damage is a likely
feature of the pathology. Furthermore, these regions of immunopositivity appear to be correlated
with Wallerian degeneration and may indicate a preferential loss of oligodendrocytes. AlF
immunopositivity was seen in profiles consistent with both oligodendrocytes and astrocytes. Glial
immunopositivity was homogeneously spread throughout the white matter and reduced at the site
of compression. Neuronal immunopositivity was consistently present. Staining in glia and neurons

was only seen within the cytoplasm.
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CASE 2

Clinical summary A 64 year-old male who died from acute haemorrhagic ulceration of the

duodenum on a background of recurrent septicaemia secondary to pyelonephritis. Initial
presentation was 14 years prior to death. There was a past history of ischaemic stroke resulting in
left arm and left leg weakness for 2 weeks, which improved partially. He then had a sudden onset
of right arm and right leg weakness associated with bending forward to pick up an object. 3 months
later he developed neurological symptoms with reported numbness of all limbs, increasing
difficulty in walking and a shuffling gait. There was no significant neck pain and only occasional
occipital discomfort. Bending the head forwards produced paraesthesias in his arms and legs. He
developed severe spastic quadriparesis with moderate weakness of the left arm and left leg and was
diagnosed with cervical spondylosis. 3 years after the onset of symptoms he underwent a

laminectomy operation at C3-C7.

On autopsy examination, the morphology of the cord suggested unrelieved chronic compression.
Cystic necrosis and wasting were maximal at C5 segment. Only remnants of the cord parenchyma
were found and adhesions of cord and dura occurred posteriorly. The evidence of severe, ongoing
compression at the level of C5 was consistent with the macroscopic findings of an osteophytic

nodule projecting from the level of the disc separating C4/C5.

Microscopy confirmed great deformity and loss of normal architecture. The pia mater was
especially thickened and contained neuritic sprouts, which suggest the development of aberrant
regeneration. Degeneration of ascending sensory tracts was seen at C4/C5 and of the descending
corticospinal tracts at C6-T1 spinal cord segments consistent with the extent of damage to C5

segment. Subtotal loss of anterior horn cells existed from C3-C8, maximal at C5.

Pathology — brain

1. Cerebral lacunes.

2. Cervical spondylosis.

Pathology — spine and spinal cord

1. Osteophytosis of the vertebral column.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was severe osteophytosis of the

lumbosacral cord with numerous osteophytic bars projecting into the neural canal. Sohmorl’s nodes
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were evident at many levels of the vertebral column. There was an osteophytic nodule at the level
of the intervertebral disc separating C4 and C5 vertebral bodies with projection backwards into the
neural canal. The cervical canal appeared smaller than usual. Dense fibrous scarring was present on
the right side of the cervical region involving the dural sleeves of the existing spinal nerve roots.
On opening the dural sac there was marked wasting of the spinal cord at C5 and C6 segmental

level.

C2 (N2) and C4 (N3) have a macroscopically normal oval shape. Compression or atrophy is
evident in spinal cord segments C5 (N4-N6), and C6 (N7) severe on one side, particularly in the
corticospinal tract. The posterolateral spinal cord is pale staining in each of the above segments
from C2-C6. C8 (N8) appears normal.

Microscopic findings C2 (N2) — There is subtotal loss of anterior horn cells more severe on one
side and mild loss on the other. The white matter parenchyma is intact although there are decreased
numbers of glia in the posterior cord and lateral corticospinal tract. Remaining glia have a
morphology suggestive of oligodendrocytes. At C4 (N3) and C5(N4-N6) the cord appears
compressed, particularly on one side. There is subtotal loss of AHCs more severe on the
compressed side. There is cystic cavitation within the posterior column extending to the lateral
corticospinal tracts. Mononuclear cells suggestive of lymphocytes are present within this region
loosely distributed within the neuropil rather than as perivascular cuffing. There are no visible
macrophages. There are decreased numbers of glia in the posterolateral cord and many areas of
oedema dispersed throughout the white matter. Corpora amylacea are also seen. The vessel walls
appear thickened and many of the walls are pale staining possibly due to the age of the archival
material or due to hyaline sclerosis. However, in some walls there was segmental eosinophilic
hyaline degeneration. At segment C6 (N7) there is a mild loss of AHCs with no cystic necrosis.
The white matter is largely intact with some areas of vacuolation. The cord is deformed on one side
indicating compression. At C8 (N8) there is vacuolation and a loss of AHCs. C8 (N8) shows pallor

and loss of glia in both corticospinal tracts.
Weil Segments C2 (N2)- C8 (N8) are pale suggesting demyelination at these levels. There is no

loss of myelin in the anterior corticospinal tract at any segment. At C2 (N2), C4 (N3), C5 (N4-6)

and C6 (N7) there is a loss of myelin within the posterior columns.
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Immunohistochemical results

CASE 2 — Compression C4/5 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C2 - - + + - - - + + + +
C4 - - + + - - - + - + +
C5 = - - + - - - + + + +
C6 - - - + - - - + + + +
C8 - + + + + + +

* Shaded rows represent the site of compression

APP There was no glial or neuronal immunopositivity using the APP antibody. Nonspecific

immunopositivity was occasionally seen in the white matter of C5 (N4-6).

Active caspase-3 There was nonspecific immunopositivity of nuclei and smaller, unidentified

structures in the posterolateral white matter at C4 (N3) and C5 (N4-6) along the border of necrotic

areas. Neurons and axons were negative.

DNA-PKcs At the site of compression C5 (N4-6) occasional nuclear immunoreactivity was found
near or surrounding necrotic regions. These cellular profiles were nonspecific and may have been
lymphocytic. At segments C2 (N2) and C4 (N3) many immunopositive glia were homogeneously
dispersed throughout the white matter. Occasional immunopositive glia were seen in segments C8
(N8). One immunopositive neuronal nucleus was seen in the anterior horn at C2 (N2). Axons were

negative.

PARP Immunopositivity to PARP antibody in the nuclei of glia was seen in all segments
throughout the white matter. Of these immunopositive cells, many profiles were present
surrounding necrotic areas at C5 (N5 and N6). Cytoplasmic profiles were not clearly identified
although the density, size and oval shape of many immunopositive nuclei suggest that these cells
are oligodendrocytes. C6 (N7) showed rare PARP immunopositivity within the nucleolus of

anterior horn neurons. Negative in axons.

Bcl-2 Neurons and axons were negative. There was occasional nonspecific cytoplasmic

immunopositivity on the border of necrotic areas.
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FAS Neurons and axons were negative. There was occasional nonspecific cytoplasmic

immunopositivity on the border of necrotic areas.

Caspase-9 Neurons and axons were negative. There was occasional nonspecific cytoplasmic

immunopositivity on the border of necrotic areas.

TUNEL Immunopositive glial profiles more numerous towards the deep white matter were visible
above and below the lesion at C2 (N2) and C8 (N8)- T1 (N9). Occasional positive nuclear glial
staining was found at C4 (N3) and C6 (N7). There was no glial immunopositivity at the site of
compression. Immunopositivity to the TUNEL antibody was seen in neuronal nuclei throughout the
grey matter in segments C2 (N2), C6 (N7), C8 (N8). There was also immunopositivity in the
cytoplasm of neurons at these levels. TUNEL immunopositive neurons were found in the anterior
horn of segments C4 (N3) and within one anterior horn of C5 (N5).

CMAP Immunopositivity was seen in glia, neurons, the majority of axons both small and large,
and in ependymal cells. The degree of background staining negates the specificity of this marker at

the dilution used.

Amy-33 amyloid-beta Non-specific immunopositivity was seen at C4 (N3) and C5 (N5, N6).

Neuronal cytoplasmic immunopositivity was found at C2 (N2), C5 (N4) and C6 (N7). There was
no immunopositivity within glia or axons. At C8 (N8) there was neuronal intracytoplasmic

immunopositivity.

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIE Above the site of compression at C2 (N2) there is occasional glial cytoplasmic
immunoreactivity throughout the white matter. Immunopositive cytoplasmic staining was present
in 5 AHCs on one side and 4 on the other. At the site of compression C5 (N4, 5) there is a greater
number of immunopositive glia in the anterolateral cord and occasional immunopositive cells in the
posterior columns. A significant number of immunopositive neurons are found in the preserved
grey matter. At C6 (N7) there was glial immunoreactivity throughout the white matter greatest in
the anterolateral cord. Neuronal cytoplasmic staining was present bilaterally. Rounded
immunopositive profiles were rarely seen in the gracile fasciculi possibly axonal swellings but
were non-specific. A similar pattern of staining was seen at C4 (N3) however there were fewer

immunopositive glial profiles. At C8 (N8) cytoplasmic staining of glia is present throughout the
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white matter. Rarely, immunopositive spheres possibly axonal swellings but non-specific were seen

in the gracile fasciculus unilaterally. Neuronal immunopositivity is seen on both sides.

Timeline of clinical progression

Death
1973 1976 [ 1987
A A A
CVA — left 2 weeks || 3 months Spastic Laminectomy || Acute
arm/ leg later. later. quadriparesis, C3-C7 Gastric
weakness Sudden Numbness left arm and bleed,
right arm || all limbs, leg weakness Sepsis
and leg || ataxia,
weakness || Lhermitte’s
sign positive

277




Spatial Distribution of Staining — Case 2

Case: 2 Case: 2
Amy-33 Haematoxylin and eosin
Levels: Levels:
a) Three levels above site - c2 a) Three levels above site fer]
b) At the site of compression - cs b) At the site of compression cs
c) Three levels below site - cs8 ¢) Three levels below site cs
a) a)
b) b)
<)
0 |
Case: 2 Case: 2
APP DNA-PKcs
Levels: Levels:
a) Three levels above site - Cc2 a) Three levels above site c2
b) At the site of compression - (] b) At the site of compression cs
¢) Three levels below site - cs c) Three levels below site c8
a) a)
b) b)
] <)
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Spatial Distribution of Staining — Case 2

Case: 2 Case: 2

PARP TUNEL

Levels: Levels:

a) Three levels above site - c2 a) Three levels above site - c2
) At the site of compression - cs b) At the site of compression - s
¢) Three levels below site - cg ¢) Three levels below site - c8

Case: 2
AIF 1

Levels:
a) Three levels above site - o

) At the site of compression - Ccs
) Three levels below site . cs
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Summary of immunohistochemistry Case 2

Glia: DNA-PKcs, PARP,

TUNEL, AIF, CMAP H&E: Posterolateral pallor, loss AHCs and glia

Axons: CMAP C2 Weil: pallor posterior columns
Neurons: TUNEL, AlIF, DNA-

PKcs, Amy-33, CMAP

Glia: DNA-PKcs, PARP, H&E: Posterolateral pallor, deformity, loss AHCs
TUNEL, AIF, CMAP and glia, cystic cavitation LCST, lymphocytes,

Axons: CMAP C4 oedema, hyaline sclerosis

Neurons: TUNEL, AlIF, CMAP Weil: pallor posterior columns

Glia: PARP, AIF, CMAP H&E: Distortion, Posterolateral pallor, loss AHCs
Axons: CMAP and glia, cystic cavitation LCST, lymphocytes,
Neurons: TUNEL, AIF, Amy- Cs oedema, hyaline sclerosis

33, CMAP W Weil: pallor posterior columns

A\

SN

Glia: PARP, TUNEL, AlF,

CMAP H&E: Distortion, Posterolateral pallor, loss AHCs,
Axons: CMAP Cé6 vacuolation, deformity
Neurons: PARP, TUNEL, AlF, Weil: pallor posterior columns

Amy-33, CMAP

Glia: DNA-PKcs, PARP,
TUNEL, CMAP cs H&E: vacuolation, pallor, loss AHCs

Axons: CMAP Weil: pallor

Neurons: TUNEL, AIF, CMAP

Conclusion Although the full clinical history is not known it is suggestive of ongoing cervical cord
compression secondary to osteophytic spondylosis. The compression was sufficient to cause
quadriparesis and sensory changes consistent with cervical myelopathy. Histologically,

lymphocytic infiltration and necrosis also suggest the presence of chronic inflammation.

On histopathological examination of the spinal cord there was decreased Weil staining in the
sensory tracts above, and motor tracts below the lesion indicating a demyelinative process or
Wallerian degeneration of the axons in these regions. This finding correlated with an apparent loss
of glia, possibly oligodendrocytes, in the posterolateral white matter. Examination was post-
cervical laminectomy with dural scarring and subtotal necrosis of the cervical cord maximal at C5

level with secondary ascending and descending tract degeneration.

With each of the markers caspase-3, Bcl-2, Fas and caspase-9 there was occasional nonspecific
cytoplasmic immunopositivity on the border of necrotic areas. At the site of compression, where

necrosis was present, PARP and DNA-PKcs immunopositive glia were found on the border of
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necrotic areas. This may have resulted from the tissue processing although there was minimal
background immunopositivity in these regions. These profiles may alternatively represent foreign
cells such as lymphocytes involved in the inflammatory process or they may indicate apoptotic glia
within a ‘penumbra’ of relatively mild cytotoxic stress. Staining extended contiguously from the

periphery of necrotic areas to the apparently normal neuropil.

TUNEL immunopositivity in neurons and glia was present above and below the site of
compression. The reason for an absence of TUNEL staining at the site is unclear although it may be

related to the loss of anterior horn cells shown using haematoxylin and eosin staining.

Amy-33 amyloid-beta immunopositivity was minimal and only present within the cytoplasm of

anterior horn cells.
AIF immunopositivity was consistently present in glia and neurons. This staining was seen in

profiles consistent with both oligodendrocytes and astrocytes and was without exception seen in the

cytoplasm.
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CASE 3

Clinical summary A 75 year-old male with ischaemic heart disease and atrial fibrillation who had

died from cardiac failure. 22 years prior to death he underwent an anterior decompression and
interbody fusion operation of C5-6 and C6-7 for cervical myelopathy. He had developed lumbar
myelopathy and cauda equina compression. 12 years later he also underwent laminectomy of levels
C3-6.

On autopsy, the vertebral column showed changes of severe osteoarthrosis. There was severe
degeneration of the intervertebral disc at C4-C5. An osteophytic protrusion measuring 8mm was
present in the posterior spinal canal at this level. There was absence of the discs C5-6 and C6-7 and
fusion of vertebral bodies. At C5-6 disc space there was an osteophytic protrusion and severe
stenosis of the spinal canal to 6mm. Osteophytic lipping of several thoracic vertebrae was seen
anteriorly as well as degeneration of thoracic discs and small protrusions posteriorly. The lumbar
spine showed anterior osteophytic lipping and narrowing of the spinal canal. Anterior focal
depression of the cord at C5, C6 and C7 existed as well as compression of C6 anterior nerve roots

on the right side. The spinal cord was atrophic adjacent to the described osteophytic protrusions.

The microscopic examination revealed chronic denervation atrophy of left and right deltoid and
vastus lateralis muscles. The C7 segment of spinal cord was deformed and showed loss of the
normal architecture. Gliosis had replaced the posterior columns of the spinal cord. There was
subtotal loss of anterior horn cells, particularly on the right side, and atrophy of the lateral columns
on the right only. Degeneration of the descending motor tracts occurred below the lesion, and of the

ascending sensory tracts above.

Pathology — brain

1. Old haemorrhagic infarction in the right parietal lobe.

Pathology — spine and spinal cord

1. Cervical myelopathy consistent with cervical spondylosis.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was a reportedly severe degeneration of
the intervertebral disc separating C4 and C5 vertebral bodies with osteophytic protrusion (8mm)
dorsally into the spinal canal. The intervertebral discs separating C5-6 and C6-7 were absent and

the vertebral bodies fused. An osteophytic protrusion projected backwards into the spinal canal in
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the proximate region where the C5-6 intervertebral disc would have been. The spinal canal showed
severe narrowing at this point (AP diameter 6mm). Many of the thoracic discs showed evidence of
degeneration with marked anterior osteophytic lipping and minor protrusions dorsally into the
spinal canal. The lower lumbar spine showed severe anterior osteophytic lipping and the spinal
canal was generally narrowed (spinal canal stenosis). External inspection of the spinal cord
revealed a focal depression of the anterior spinal cord between C6 and C7 anterior nerve roots. The
C6 anterior nerve roots on the right side were also compressed. A second compression was present
on the anterior surface of the spinal cord between segments C5 and C6. The remainder of the spinal
cord was externally normal. The anterior spinal artery was normal. Segmental sections of the spinal
cord revealed artefactual laceration on the left side of the cord in the mid-cervical region and
lumbosacral region. The right side of the spinal cord adjacent to the cervical osteophytic

protrusions was atrophic.

Segment C3 (N12) is macroscopically normal. At segments C5 (N14, N15), C6 (N16) and C8
(N19) the spinal cord is divided, attributable to tissue processing. The spinal cord appears

compressed at segment C7 (N17, N18). Segment T1 (N20) is macroscopically normal.

Left and right deltoid muscles showed severe chronic denervation atrophy.
Left and right vastus lateralis showed changes of denervation atrophy but less developed than in
deltoids.

Microscopic findings Many corpora amylacea are present. At segments C3 (N12) there is a loss of
anterior horn cells on one side and no other abnormalities. At C5 (N14, N15) there is compression
and elongation of the grey matter associated with AHC loss. At C6 (N16) there is vacuolation
within the ventral white matter and a paucity of glia in the lateral white matter. At C7 (N17, N18)
there is loss of the normal architecture with subtotal destruction of the grey and white matter on
one side with cystic cavitation and bilateral AHC loss. Gliosis was visible in the posterior column
of section N18. There were no significant findings in segments C8 (N19) and T1 (N20).

Weil There was unilateral decreased staining of the lateral corticospinal tract below the lesion
extending to C8 (N19) and of the posterior columns, particularly the gracile fasciculus, above the
lesion consistent with Wallerian degeneration. Pallor of the gracile fasciculi was also seen at C3
(N12), C4 (N13), C5 (N14, N15), C6 (N16) and C7 (N17).

283



Immunohistochemical results

CASE 3 — Compression C4/5 and C5/6 — Immunological positivity (+) in glial, axonal or neuronal
profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs

C3 - - + + - - - + + + +
C4 - - + + - - - + + +

€5 - - + + - - - + + + +
C6 - - + + - - - + + + +
(C/ - - 4 + - - - + + + +
C8 - - + + - - - + + + +
T1 + + + + + +

* Shaded rows represent the site of compression

APP Negative for neurons, axons and glia.

Active caspase-3 Non-specific immunopositivity was present in cellular profiles on the edge of

cystic cavities and extending into the neuropil at C7 (N18). There was no immunopositivity to the

caspase-3 antibody within neurons or axons.

DNA-PKcs Nuclear immunopositivity within glial cells was found in the white matter of all
segments. Positive glia were greater in number towards the periphery of the cord.
Immunopositivity was present in the cytoplasm of mononuclear cells on the edge of cystic cavities
and extending into the neuropil at C7 (N18). Rare immunopositive neuronal nuclei were seen in the
anterior horn of C7 (N17) however this may be associated with cystic change in the area and
artefactual immunopositivity. There was no immunopositivity to the DNA-PKcs antibody within

axons.
PARP Nuclear glial immunopositivity to PARP antibody was found in the white matter of all
segments. These cells appeared to have the morphology typical of oligodendrocytes. There was no

immunopositivity within neurons or axons.

Bcl-2 There was no immunopositivity within neurons or axons. Cytoplasmic immunopositivity was
rarely seen subpially glial profiles at C8 (N19) and T1 (N20).
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FAS There was no immunopositivity within neurons or axons. Non-specific cytoplasmic
immunopositivity was present in cellular profiles on the edge of cystic cavities and extending into
the neuropil at C7 (N18).

Caspase-9 There was no immunopositivity within neurons or axons. Non-specific cytoplasmic
immunopositivity was present in cellular profiles on the edge of cystic cavities and extending into
the neuropil at C7 (N18).

TUNEL Neuronal nuclear immunopositivity for the TUNEL marker were found at C4 (N13) to C7
(N17) throughout the grey matter and in the anterior horn only in segment C3 (N12). Glial
immunopositivity was seen throughout the white matter in segments C5-T1 (N14-N20) and in the
posterior columns of segments C3 (N12) and C4 (N13).

CMAP Heterogeneous staining within all types of glia, neurons, ependymal cells and axons

throughout the cord.

Amy-33 amyloid beta There is neuronal cytoplasmic and occasional glial immunoreactivity at C7,
C8, T1 (N17, 18, N19, N20). At C3 (N12), C5 (N15), C6 (N16) there is neuronal cytoplasmic

staining but otherwise negative. There are immunopositive axonal swellings at T1 (N20). At N18

there is immunopositivity in macrophages. Non-specific staining is seen at C4 (N13).

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF At C3 (N12), C6 (N16), C7 (N17) and T1 (N20) there is subpial immunoreactivity within the
cytoplasm of glia. These cells showed morphology consistent with both oligodendrocytes and
astrocytes. At C3, neuronal cytoplasmic immunopositivity is present in 7 neurons on one side and
one anterior horn cell on the other. At the site of compression C6 (N16), and at C7 (N17), T1 (N20)
there is cytoplasmic immunostaining in neurons bilaterally. There was no immunopositivity within
axonal profiles. In section N18 of segment C7 immunopositivity was occasionally seen in glia
where the white matter was preserved. No neuronal immunoreactivity occurred at this level likely
due to necrosis of the grey matter. At C5 (N14, N15) occasional glial staining was seen in the
subpial region. Neuronal immunopositivity was present in one anterior horn of section N14 and
bilaterally at N15. In segment C4 (N13) neuronal cytoplasmic immunopositivity was visible. At C8

(N19) there was widespread glial, neuronal and axonal immunopositivity.
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Timeline of clinical progression

and cauda equina compression -
decompression and interbody fusion
C5-C6, C6-C7

1964 1976 Death
1986
T “ T
Development of Cervical Laminectomy Cardiac
Spondylotic Myelopathy — lumbar C3-C6 failure
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Spatial Distribution of Staining — Case 3

Case: 3
Amy-33

Levels:
a) Two levels above site

b) At the site of compression
) Two levels below site

a)

b)

Case: 3
APP

Levels:
a) Two levels above site

b) At the site of compression
€) Two levels below site

b)

<)

GRs

95 &

Cc3

T1

Cc3

Tl

Case: 3
Haematoxylin and eosin
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Spatial Distribution of Staining — Case 3
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Summary of immunohistochemistry Case 3

Glia: DNA-PKcs, PARP, TUNEL,
AlF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, CMAP, Amy-
33

C3

H&E: loss AHCs
Weil: pallor posterior columns

Glia: DNA-PKGcs, PARP, TUNEL,
CMAP

Axons: CMAP

Neurons: TUNEL, CMAP

o

H&E: normal appearance
Weil: pallor posterior columns

Glia: DNA-PKcs, PARP, TUNEL,
AlF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, CMAP, Amy-
33

_

/cs%
0

H&E: compression, loss AHCs
Weil: pallor posterior columns

Glia: DNA-PKcs, PARP, TUNEL,
AlIF, CMAP

Axons: CMAP

Neurons: TUNEL, AIF, CMAP, Amy-
33

-

C6

H&E: vacuolation
Weil: pallor posterior columns

Glia: DNA-PKGcs, PARP, TUNEL,
AlIF, Amy-33, CMAP

Axons: CMAP

Neurons:DNA-PKcs TUNEL AlF,
Amy-33, CMAP

_

H&E: Macroscopic distortion, cystic
cavitation, AHC loss, gliosis
Weil: pallor posterior columns

Glia: DNA-PKcs, PARP, AlF
TUNEL, Amy-33, CMAP
Axons: CMAP, AlF

Neurons: Amy-33, CMAP, AIF C8
Glia: DNA-PKcs, PARP, CMAP,

Amy-33, TUNEL, AIF
Axons: Amy-33, CMAP T

Neurons: AlIF, Amy-33, CMAP

Conclusion Osteophytic stenosis of the cervical spinal canal resulted in chronic compressive
myelopathy. An attempt at relieving this compression was twice undertaken. The success of each
operation is unclear from the clinical summary although at autopsy the spinal cord was found to
have a diameter of just 6mm and was atrophied. This may either indicate damage from the first
compression or it may represent the development of a new stenosis and compressive myelopathy.
The spinal cord segments below C7 (N19-N31) showed descending pyramidal tract degeneration

(right greater than left) and ascending tract degeneration (loss of myelin staining posterior white

H&E: normal appearance
Weil: pallor LCST

H&E: normal appearance
Weil: pallor LCST

289




matter columns). The degenerative nature of compression is evident on Weil stain by a loss of
myelin, anterior horn cell loss at several levels, gliosis and cystic cavitation. Furthermore, there
was no evidence of axonal disruption on APP staining nor where there any axonal swellings on

haematoxylin and eosin staining.

Glial immunopositivity was found using the markers of DNA damage, DNA-PKcs and PARP,
across all segments. TUNEL positivity in glial nuclei was also seen above and below the
compression however neuronal staining extending across several segments including the most
severely affected regions. There were no significant findings for the Fas, Bcl-2, caspase-9
immunological markers. AIF immunopositivity was more common in the subpial region and was
seen in profiles consistent with both oligodendrocytes and astrocytes. Staining in glia and neurons

was only seen within the cytoplasm.
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CASE 4

Clinical summary A 50 year-old male presenting with metastatic spinal cord compression

secondary to oat cell carcinoma of the lung, progressing to paraplegia followed by death at 25 days.
Other metastases were present in bone (right 4™ rib) and liver. Examination of the spinal cord
showed a single compression of the upper thoracic cord from a grey-white nodular tumour. The
tumour involved the right vertebral body and paravertebral gutter. There was softening of the T2-
T4 segments, most severe at T3. At the T3 spinal cord segment there was almost complete necrosis

of the cord and infiltration by foamy macrophages, although there was no infiltration by tumour.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Extradural tumour compression of upper thoracic spinal cord (T2-T4).
2. Complete spinal cord necrosis (compression) T2-T4.

3. Metastatic extradural undifferentiated small cell carcinoma.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was a grey-white nodular tumour
compressing the upper thoracic spinal cord. Tumour involved the right paravertebral gutter and
vertebrae. On opening the dura the T2-T4 spinal cord segments were softened maximal at the T3

segment where cross-section showed almost complete necrosis of the cord.

T2 (N1) appears macroscopically normal. At segment T3 (N2) there is pallor of the posterolateral
white matter and this extends into the ventral white matter in section N3 (T3). There shape of T2
(N3) is not fully symmetrical but this does not necessarily represent compression. Segment T4 (N4)
is fragmented throughout the cord, possibly artefact. T5 (N5) appears compressed on one side

posterolaterally and is also fragmented.

Microscopic findings At segment T2 (N1) there is a mild loss of anterior horn cells, worse on one
side. Occasional non-specific profiles are seen in the ventral white matter and may be axonal
swellings. At T3 (N2) an invasion of macrophages is seen with sparring only of the ventral white
matter. Vacuolation is throughout the cord. The vasculature is congested. There is a subtotal loss of
anterior horn cells in N2 and total loss in section N3 (T3). There is complete necrosis of the grey

and white matter of the spinal cord associated with numerous foamy macrophages. Small areas of
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gliosis are seen. In regions where the white matter is preserved there are enlarged axons. At T4
(N4) the parenchyma is largely intact. Occasional foci of axonal swellings are seen throughout the
cord and there is accompanying vacuolation. There is significant AHC loss. Within the central and
posterior grey matter and deep posterior columns there is partial necrosis with macrophages and
small areas of gliosis. At T5 (N5) there is a loss of AHCs. There is occasional vacuolation of the
white matter which is worse in the lateral corticospinal tract corresponding to areas of axonal

swellings and worse on one side.

The anterior and posterior nerve roots showed occasional axonal swellings, loss of myelin and

vacuolation.

Weil There is a loss of myelin at the site of compression in areas of cystic change, axonal swellings

and vacuolation however there is no apparent demyelination below the lesion.

Immunohistochemical results

CASE 4 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
T2 + + - + - - - + + + +
T3 + + + + - - - + + + +
T4 + + + + - - - + + + +
T5 + + + + - - - + + + +

* Shaded rows represent the site of compression

APP Focal regions of axonal immunopositivity were seen in all sections, found in particular in the
lateral and anterior corticospinal tracts and deep posterior columns. This was maximal at T3 (N2)
to T4 (N4) and most severe in the area of the lateral corticospinal tract. APP axonal
immunopositivity was occasionally found in the anterior and posterior nerve root however this was
not apparent in all axonal swellings seen on haematoxylin and eosin staining. Cytoplasmic

immnunopositivity to glia was occasionally seen in sections T2 (N1) and T5 (N5).

Active caspase-3 At the site of compression and below many smaller and larger cellular profiles

were observed suggestive of axons at T2 (N2), T4 (N4) and T5 (N5). These were greatest in

number in regions of APP immunopositivity and axonal swellings. There were a greater number of
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APP immunopositive large diameter axons than caspase-3, however the converse was true for small

diameter immunopositive axons.

Cytoplasmic glial immunopositivity was seen in cellular profiles in the white matter at segments
T2-T5 (N1, N3, N4, N5). Negative within neurons.

DNA-PKcs Occasional axonal swellings were immunopositive for DNA-PKcs at T3 (N2), T5
(N5), maximal at T4 (N4) in the lateral cord on both sides. Immunoreactive glial nuclei were seen

occasionally throughout T5 (N5). Negative in neurons.

PARP In areas of white matter preservation PARP antibody was immunopositive in glial nuclei.
PARP immunoreactivity is seen throughout the white matter at T2 (N1), T4 (N4) and T5 (N5) in
the anterior cord only at T3 (N2). PARP immunopositive glia were rarely seen at T3 (N3) due to
loss of tissue. The morphology of these cells was consistent was oligodendrocytes. PARP antibody

was immunonegative for neurons.

Bcl-2 Negative.

Fas Negative.

Caspase-9 Negative.

TUNEL In areas of preserved white matter TUNEL was immunopositive in glial nuclei, in the
anterolateral cord at T3 (N2), throughout T4 (N4) especially in the posterior columns, occasionally
throughout the cord at T5 (N5) and maximally at T2 (N1) where staining was seen throughout the
white matter, particularly in the posterior columns. TUNEL immunopositive macrophages were

seen at T3 (N2) and T4 (N4). Negative for neurons and axons.
CMAP Many immunopositive glia, ependymal cells, neurons and axons were seen. This is
combination with a strong background immunopositivity suggested the non-specificity of CMAP

antibody at this dilution.

Amy-33 amyloid-beta Similar pattern of immunopositivity within axons to APP was seen using

Amy-33 amyloid-beta antibody. However, there appeared to be a greater overall number of axons
staining for Amy-33.

University of Melbourne amyloid-beta Negative.
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DAKO amyloid-beta Negative.

AIE At T2 (N1, N2) there is neuronal and glial cytoplasmic staining in preserved regions and
immunoreactivity in axonal swellings. At T3 (N3) immunopositive macrophages are seen
throughout the necrosed cord. At T4 (N4) there was heterogeneous intracytoplasmic staining of glia
and neurons, with axonal immunopositivity in normal and enlarged axons. At T5 (N5) there is
neuronal and glial cytoplasmic staining throughout the cord and immunopositivity in axonal

swellings.

Timeline of clinical progression

Jul Death
1981 July
1981
A A
Presentation: Primary malignancy found to
symptoms of cord be oat cell carcinoma -
compression, chemotherapy/radiotherapy
paraplegia
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Spatial Distribution of Staining — Case 4
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Levels:
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Spatial Distribution of Staining — Case 4
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Summary of immunohistochemical staining Case 4

Glia: APP, PARP:’;TXIEEL //% H&E: macroscopic asymmetry,
caspase-o, ﬁ AHC loss, tissue necrosis,

Axons: APP, caspase-3, Amy-33, / vacuolation, congestion, gliosis
caspase-3, AlF

Neurons: AlF

Glia: PARP (rare), TUNEL, /
caspase-3
H&E: pallor.

Axons: APP, DNA-PKcs, Amy-33

Glia: PARP, TUNEL, caspase-3 / _
Axons: APP, caspase-3, DNA-PKcs, fﬁ H&E: Axonal swellings, AHC loss,
Amy-33 7 tissue necrosis, gliosis

Neurons: Nil %//% Weil: patchy demyelination

Glia: APP, PARP, TUNEL, DNA-

Weil: patchy demyelination

PKcs, AIF, caspase-3 H&E: macroscopic asymmetry,
Axons: APP, caspase-3, DNA-PKcs, T5 AHC loss, vacuolation, axonal
Amy-33, AlF swellings
Neurons: AlF

Conclusion Malignant compressive myelopathy was greatest at the T3 segment although there was
evidence on histopathological examination of injury to the T2 and T4 segments. This is reflected by
the presence of tissue necrosis and patchy demyelination. APP positive axonal swellings are seen
particularly in the anterior and lateral cord consistent with the patient’s motor impairment.
Caspase-3 and DNA-PKcs staining was present in axonal swellings suggesting a disruption of
axonal transport and the accumulation of protein. Glial immunoreactivity using active caspase-3,
DNA-PKcs, PARP and TUNEL antibodies suggests DNA-damage and potential caspase-dependent
apoptotic processes. The presence of caspase-dependent apoptosis is not supported by caspase-9,
Bcl-2 and Fas antibodies which were negative and therefore PARP, DNA-PKcs and TUNEL
staining may represent non-apoptotic chromatinolysis. Amy-33 amyloid-beta antibody was positive
in axonal swellings in a pattern similar to that of the APP antibody, supporting the hypothesis that
amyloid-beta is a product of APP proteolysis. However, Amy-33 immunoreactivity was not found
in the neuronal body, nor were alternative markers of amyloid-beta positive (DAKO and University
of Melbourne antibodies). Therefore it is unlikely that amyloid-beta is a significant neurotoxic

peptide in this case of malignant spinal cord compression.
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CASE 5

Clinical summary A 75 year- old woman with disseminated malignant fibrous histiocytoma. This

tumour metastasised to the vertebral column, resulting in an unstable crush fracture of T12 vertebra
approximately 4 months before death. 1 month after the initial fracture the patient developed back
pain and was immobilised for 8 weeks. Following this she experienced gradual development of

paraparesis with incontinence until death. A myelogram showed a complete block at T12.

Stenosis of the dural sac was found adjacent to T12 vertebral body due to a plaque of hard, grey-
white tissue. This tumour infiltrated into the dura mater, compressing the underlying conus
medullaris and cauda equina. There was no evidence of tumour infiltration of the spinal cord. S1
segment and the conus medullaris showed patchy necrosis of white matter. This necrosis was

greatest in the posterior columns of S1 segment.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Multiple vertebral body metastases with pathological crush fracture of T12 vertebra.

2. Intradural metastatic tumour producing stenosis and compression of the underlying conus
medullaris and cauda equina.

3. Compression myelopathy with patchy necrosis of the white matter, which in the S1

segment is most severe in the posterior white matter columns.

Haematoxylin and eosin

Macroscopic findings On post-mortem examination there was a crush fracture of T12 with almost
complete necrosis and replacement of the vertebral body by grey-white tumour tissue. An irregular,
firm, paraspinal tumour mass (60 x 50 x 20 mm) was present on both sides of the pathological
crush fracture of T12. The anterior longitudinal ligament was still intact. There was no significant
destruction of the spinal canal adjacent to the crush fracture. Multiple metastatic tumour deposits
(5.0 to 20.0 mm) were present in other vertebral bodies (C7, T2, T7, T9 and L2).

The dural sac was stenosed in the lower thoracic region adjacent to the T12 vertebral body by a
circumferential plaque of hard, grey-white tumour tissue that had infiltrated and expanded the dura
mater. There was no tumour in macroscopic continuity between the vertebral body and the dura

mater. This circumferential tumour stenosis (30 x 5 x 20 mm) compressed the underlying conus
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medullaris and cauda equina nerve roots. The spinal cord was normal on section at multiple

segmental levels.

Segment L5 (N12) is of normal macroscopic appearance. At S1 (N13) there is a mild distortion of
the cord unilaterally in the posterolateral white matter and associated small cystic cavitation. The

conus (N14) is of normal macroscopic appearance.

Microscopic findings Segment L5 (N12) appears normal except for the presence of multiple
corpora amylacea which are spread throughout the cord. At S1 (N13) and the conus (N14, N15)
cells with abundant cytoplasm suggestive of macrophages were seen. At S1 (N13) cystic cavitation
was found in the posterior columns and extending partially into the posterior grey matter. The
anterolateral white matter appeared relatively spared although there are early vacuolar changes. In

addition, there were occasional rounded profiles with the appearance of axonal swellings.

Weil Macroscopically at L5 (N12) there is significant pallor of the posterior columns suggestive of
a demyelinative process. This pallor is continued in S1 (N13) in addition to a generalised slight
pallor of the cord. There is pallor in the posterolateral area of the conus at N14 and worsening to

involve the entire conus at N15.

Immunohistochemical results

CASE 5 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas  Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
L5 - + + + - - - + - + +
S1 + + + + - - - + + + +
conus + - + + - - - + + + +

* Shaded rows represent the site of compression

APP L5 (N12) is immunonegative. At S1 (N13) there is a small focal region of axonal
immunopositivity in the anterior corticospinal tract in axons of normal diameter. In the lateral
regions there are scattered, rounded immunopositive profiles suggestive of axonal swellings or
bulbs. There is a larger area of immunopositivity in the white matter surrounding both dorsal root
entry zones (DREZ). These areas contain small and large diameter profiles, some likely to be
axonal and some nucleated and more irregular with a morphology consistent with macrophages. A

variable proportion of axonal swellings are immunonegative for APP marker. Occasional glial
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immunopositivity is also seen and neuronal cytoplasmic positivity unilaterally. At the conus (N14)
there is clear axonal immunoposivity of large and small diameter in the white matter surrounding
the DREZ but no macrophages identifiable. Some non-specific immunopositivity is seen n the
central grey matter and occasional glial and neuronal cytoplasmic staining. At the conus (N15)
there are scattered immunopositive profiles consistence with glia as well as normal diameter and

mildly enlarged diameter axonal profiles. Occasional neuronal cytoplasmic staining is present.

Active caspase-3 Cytoplasmic immunostaining was present in small cellular profiles with rounded

nuclei. The staining was granular in appearance. These cells were found dispersed throughout the
posterolateral white matter at L5 (N12) and less frequently through each region of the white matter
at S1 (N13). At the conus (N14, N15) there was rare non-specific immunopositivity in the white

matter. Negative for neurons and axons.

DNA-PKcs Occasional nuclear glial immunopositivity using DNA-PKcs marker was seen in the
subpial white matter of segments L5 (N12), S1 (N13) and at the conus in N15 only. Negative for
neurons. One large diameter immunopositive profile was seen at S1 (N13) which appears

consistent with an axonal swelling or retraction bulb.

PARP Many glial nuclei with the morphology of oligodendrocytes were immunopositive using
PARP in all regions of the white matter however numbers appeared fewer at L5 (N12) than at S1
and at the conus. Neuronal nuclear immunopositivity was seen in one anterior horn at S1 (N13) and

in both anterior horns and one posterior horn at L5 (N12). Negative within axons.

Bcl-2 Negative.

Fas Negative.

Caspase-9 Negative.

TUNEL Nuclear and / or cytoplasmic immunoposivity was present in glia throughout the white
matter at L5 (N12) and S1 (N13). Fewer immunopositive glial profiles were seen at the conus
(N14, N15). Neuronal nuclear immunopositivity was seen in all regions of the grey matter at

segment L5 (N12), and in the anterior horns and central grey matter at S1 (N13).

CMAP Axons of all sizes were immunopositive all segments. Ependymal and glial cytoplasmic

immunopositivity was present in all sections. Immunopositive in neurons at the conus (N14, N15).
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Amy-33 amyloid-beta Occasional, nonspecific immunopositivity in cellular profiles within white

matter. Rare immunopositive neuronal cytoplasm at L5 (N12). At segment S1 (N13) and conus
(N14, N15) axonal immunopositivity of small and large diameter axons is seen in areas
surrounding the DREZ and in the anterior corticospinal tract and occasional glial profiles were
immunopositive. Neuronal cytoplasmic staining is also present at S1 and particularly at the conus

in greater numbers than at L5.

University of Melbourne amyloid-beta Negative.

Dako amyloid-beta Negative.

AIF At L5 (N12) there is neuronal and glial cytoplasmic immunopositivity throughout. At S1
(N13) there is glial and neuronal cytoplasmic staining throughout as well as axonal
immunopositivity in normal and enlarged diameters axons. At the conus (N14, N15) there is

neuronal and glial cytoplasmic immunopositivity throughout. No nuclear staining is seen.

Timeline of clinical progression

Oct Jan Death
1982 1983 April
1983
A A A
Crush Back pain, Gradual Gradual
fracture late immobile paraparesis ongoing
1982 T12 and decline in
incontinence condition
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Spatial Distribution of Staining — Case 5

Case: 5 Case: 5

Amy-33 Haematoxylin and eosin

Levels: Levels:

a) One level above site - Ls a) One Iev«_el above site ) - L5
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Case: 5 Case: 5
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Spatial Distribution of Staining — Case 5
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PARP

Levels:
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Summary of immunohistochemistry Case 5

Glia: APP, caspase-3, DNA-PKcs, PARP,

TUNEL, CMAP, AIF H & E: corpora amylacea.
Axons: CMAP , ’ L5 Weil: pallor within
Neurons: TUNEL, PARP, Amy-33, AlF posterior columns

Glia: APP, caspase-3, DNA-PKcs, PARP,

TUNEL, CMAP, AIF H & E: corpora amylacea,
Axons: APP, DNA-PKcs, Amy-33, s1 macrophages, cystic change

CMAP, AIF Weil: generalised pallor
Neurons: APP, PARP, TUNEL, Amy-33, worse in posterior columns

AIF

.

Glia: APP, DNA-PKcs, PARP, TUNEL,

AIE. CMAP conus H & E: corpora amylacea,
Axons: APP, Amy-33, CMAP \Tva‘flrf)phagesl. 4 oall
Neurons: APP, TUNEL, Amy-33, AIF, €1l generalised pallor

CMAP worse in posterior columns

Conclusion A 75 year old woman with intradural, extramedullary tumour compression of the
conus medullaris and cauda equina. Pathological examination of the brain suggested no
abnormality. The vertebral pathology includes acute injury from crush fracture at T12 and probable
gradual onset, chronic compression from infiltrative histiocytoma neoplasm within the sub-dural
space. In addition there was evidence of patchy necrosis and cellular damage secondary to
compression at S1 segment just above the level of compression. Macrophages were seen in areas of
cystic degeneration consistent with a chronic inflammatory process. Furthermore, the marker of
acute apoptotic cell death, active caspase-3, was immunonegative. The small nature of these

affected regions suggests a mild-moderate severity of compression.

APP axonal immunopositivity was found above the site of compression at S1 but where there was
evidence also of cystic change. TUNEL and PARP immunostaining in glia and neurons also was

maximal at this segment.

DNA-PKcs immunopositivity was found in fewer glia than PARP and was maximal at L5 and S1
segments. DNA-PKcs and PARP showed a subpial pattern of nuclear glial staining consistent with
previous cases. PARP immunopositive glia maintained the morphology of oligodendrocytes,
possible reflecting a subset of glia involved in the cell injury and remodelling process. TUNEL
immunopositivity was maximal in the central cord. This may represent an ongoing pattern of DNA
damage and subsequent cell death with remodelling in the peripheral white matter or more mildly

affected regions.
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CASE 6

Clinical summary A 79 year old man admitted from a rural centre with 6-week history of paresis

of the right side, developing on the left side, with increasing pain (present for 6 months). There was
an erosive lesion of C3-5 with cord compression and paralysis of the chest wall. No treatment was
indicated due to severe chronic obstructive airways disease resultling in development of total right

hemiplegia and left paresis.

There were features of chronic obstructive airways disease (emphysema, bronchitis — acute and
chronic) with a left upper lobe scar carcinoma. No tumour was present within the liver, kidneys,
adrenals or the prostate. There were extensive left-sided pleural plaques but no ferruginous bodies

or tumours were located in these fibrotic regions.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Cervical cord compression by extradural tumour C3 level. Extradural metastatic

adenocarinoma producing compressive cervical myelopathy.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was white tumour infiltration of the
laminae and spinous process of C3 vertebra, but little involvement of the vertebral body. The
tumour encircled the dura of the cord at this level and was larger on the right side. Cross sections
showed that the main mass of tumour (25 x 20 x 20 mm) was present on the right side and had
compressed and displaced the spinal cord to the opposite side of the dural sheath. The tumour had
invaded the dura and this layer could not be macroscopically distinguished. The level of
compression encompassed C2-C5 segments. The remainder of the spinal cord was macroscopically
normal. Intradural invasion by a tumour is seen at segments C2-C5 (N20-N27). The tumour load is
greater to one side. Asymmetry, assumed to be compression of the spinal cord is visible at C2-C6
(N19-N26).

Microscopic findings Adenocarcinoma is seen bordering but not invading the cord at segments
C2-C5 (N20-N27). Occasional corpora amylacea were seen. There is mild vacuolation of the
subpial region in section N27 of segment C2 and loss of anterior horn cells (AHCs) however this is

more severe in section N26 (C2). At this level there are many axonal swellings and vacuolative
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changes of the posterolateral cord on one side. There is also a loss of AHCs, worse on the same
side. The grey matter appears compressed and there is morphological evidence of central
chromatolysis of neurons. At C3-C5 there are similar changes and clear central chromatolysis is
seen at C4 (N23) and C5 (N21). At section N20 (C5) the changes are less severe with smaller foci
of axonal swellings and mild-moderate vacuolation of the white matter. There is a relative sparing
of AHCs. At C6 (N19) and C7 (N18) there is mild vacuolation but no other significant changes

except red cell change within occasional neurons.

Weil There is patchy demyelination of swollen axons in sections N20-N26 however there are no

demyelinative changes of motor and sensory tracts consistent with Wallerian degeneration.

Immunohistochemical results

CASE 6 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
Cc2 + + - + - - - + + + +
C3 + + - + - - + + + + +
C4 - + + + - - - + + + +
C5 + + - + - - + + + + +
C6 + - - + - - - + + + +
Cc7 - - - + - - - + + + +

* Shaded rows represent the site of compression

APP Macroscopically visible axonal immunopositivity is seen in segments C2-C5 (N22-23, N25-
26). In section N21 (C5) there is macroscopically visible foci in the anterior and lateral columns,
the posterior and lateral columns at N24 (C3), and the lateral column only at N20 (C5). All other
white matter columns of the above segments contained axonal immunopositivity which was not
macroscopially visible. Axonal positivity occurred in the anterolateral region at N27 (C2) in many
fewer axons than at the above levels. Non-specific, rare staining was found at C6 and C7 (N18-
N19). Occasional glial cytoplasmic immmunopositivity is present at C6 (N19). Negative in

neurons.

Active caspase-3 Equivocal immunopositivity is present in axonal swellings at C2-C5 (N21-N26)

and rarely there is convincing staining of axons. There was occasional non-specific staining within
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the neuropil. Cytoplasmic immunopositivity is seen in unidentified cells of the white matter in C5
(N21, N22). Negative in neurons.

DNA-PKcs Equivocal immunopositivity is seen in glia and axons of segment C2-C5 (N20-N26)
Occasional positive glial nuclei are seen at C4 (N23) in one posterior column and in the lateral
subpial region. Rarely, positive axonal swellings are seen at C4 (N23) in the lateral cord on one

side. Negative in neurons.

PARP Immunopositive glial nuclei are dispersed throughout the white matter of all segments and
have the morphology suggestive of oligodendrocytes. Neuronal nucleoli are immunopositive in the
anterior horn of segments C2-C5 (N20-N27) and in the posterior horn of segments C2-C4 (N23-

N27). Negative in axons.

Bcl-2 Negative.

Fas Negative.

Caspase-9 Negative in glia and neurons. Equivocal immunostaining in axonal swellings except

rarely immunopositive axons at C5 (N21) and C3 (N25).

TUNEL Glial nuclear immunopositivity was in all segments but maximal towards the centre of the
cord. Greatest numbers of positive glia were found in section N26 (C2), the posterolateral cord at
N18-23 (C4-C7) but particularly on one side of the cord at C3-C5 (N21-N23). Axonal
immunopositivity in areas of greatest tissue disruption and axonal swellings such as C2 (N26).
Neuronal immunopositivity is seen in anterior and posterior horns at C2, C4, C5, C6, C7 (N27,
N23, N20, N19, N18) and in the anterior and posterior horn unilaterally in section N25 of C3.

CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositivity in axonal swellings is seen in all segments in regions

which were also immunopositive for APP. Amy-33 marker stained a greater number of small and
large diameter axons than did the APP marker. Immunonegative axons were also present in these
regions. Neuronal cytoplasmic immunopositivity was present at C2 (N26, N27), C4 (N23) and C5

(N21) and was equivocal in other segments. Negative in glia.
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University of Melbourne amyloid beta At segment C2 (N26) there is equivocal staining within

axonal swellings and one axon with convincing staining. However, the moderate level of

background staining may account for this immunopositivity.

DAKO amyloid beta Negative at segment C2 (N26).

AIF At C2 (N26), C3 (N24, N25) and C4 (N23) there is axonal immunopositivity in focal regions
throughout the white matter and scattered glial cytoplasmic immunopositivity. There is
immunopositivity within the neuronal cytoplasm. At C5 (N20, N21, N22) a similar pattern of
staining was seen however there were fewer numbers of immunopositive axons and glia. At C6
there is glial cytoplasmic immunopositivity, particularly in the subpial region and neuronal
cytoplasmic staining. At C7 (N18) there is occasional glial, astrocytic and oligodendroglial,

immunopositivity in the subpial region otherwise negative.

Timeline of clinical progression

1981 Death
April
1982
T A
Development of Increasing pain 6 weeks prior to
left upper lobe death - Progressive
lung cancer bilateral paresis
Right > Left
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Spatial Distribution of Staining — Case 6

Case: 6
Amy-33

Levels:

a) At the site of compression - Cc4
b) Two levels below site - c7

b)

Case: 6
APP

Levels:

a) At the site of compression - C4
b) Two levels below site - C7

b)

Case: 6

Haematoxylin and eosin

Levels:

a) At the site of compression - C4
b) Two levels below site - c7

a)

Case: 6
DNA-PKes

Levels:

a) At the site of compression - Cc4
b) Two levels below site - (or)

a)
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Spatial Distribution of Staining — Case 6

Case: 6 Case: 6

PARP TUNEL

Levels: Levels:

a) At the site of compression - Cc4 a) At the site ofconlp;tssicn - C4
b) Two levels below site - c7 b) Two levels below site - c7
a)

b)

Case: 6
AlF 1

Levels:

a) At the site of compression - C4
b) Two levels below site - 7

a)

b)
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Summary of immunohistochemistry Case 6

Glia: PARP, TUNEL (max), AlF,
CMAP

Axons: APP (max), Amy-33, AlF,
caspase-3, CMAP

Neurons: PARP (max), Amy-33,
TUNEL, AIF

Cc2

_

Glia: PARP, TUNEL (max), AlF,
CMAP
Axons: APP (max), caspase-9, AlF,
Amy-33, caspase-3, CMAP
Neurons: PARP (max), TUNEL, AIF

0

Glia: DNA-PKcs, PARP, AlF,
TUNEL (max) , CMAP
Axons: APP (max), DNA-PKcs, AlF
Amy-33, caspase-3, CMAP
Neurons: PARP (max), Amy-33, AlF
TUNEL

.

7
o

Glia: PARP, TUNEL (max), AlF,
CMAP

Axons: APP, caspase-9, Amy-33,
caspase-3, CMAP, AlF

Neurons: PARP, Amy-33, TUNEL

.
.

Glia: APP, PARP, TUNEL (max),
CMAP, AlF

Neurons: TUNEL

Axons: Amy-33, CMAP C6
Neurons: TUNEL, AlIF
Glia: PARP, TUNEL (max), AlF,
CMAP
Axons: Amy-33, CMAP c7

H&E: Tumour, vacuolation,
axonal swellings, loss AHCs,
central chromatolysis.

H&E: Tumour, vacuolation,
axonal swellings, loss AHCs,
central chromatolysis.

H&E: Tumour, vacuolation,
axonal swellings, loss AHCs,
central chromatolysis.

H&E: Tumour, vacuolation,
axonal swellings, loss AHCs,
central chromatolysis.

H&E: mild vacuolation,
red cell change

H&E: mild vacuolation,
red cell change

Conclusion Compression in this case was by an intradural, extramedullary tumour with the
primary most likely lung carcinoma (poorly differentiated adenocarcinoma). A loss of anterior horn
cells and axonal swellings at the site of compression suggest significant damage, and red cell
change supports an ischaemic component. APP immunopositivity in axonal swellings was also
maximal at the site of compression, suggesting significant axonal injury. TUNEL was maximal at
the site in glia and PARP maximal at the site in neurons, suggesting DNA-damage. In support of
this, DNA-PKcs was present in glia only at the site of compression. Amy-33 amyloid-beta antibody
showed a similar pattern of staining to APP in axonal swellings but was surprisingly present in a

greater number of axonal profiles. This was in contrast to staining using other antibodies to

amyloid-beta which were negative and thus the Amy-33 antibody may be non-specific.
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CASE 7

Clinical summary A 59 year-old man with a 2-month history of left lumbar back pain, sharp in

nature which came on after manual labour and radiated to the flank. Investigations showed collapse
of the T11 vertebral body and a T11 paraspinal mass metastasised from osteogenic sarcoma. 1
month later the patient experienced rapidly worsening paraparesis to almost complete paraplegia in

3 days. A course of chemotherapy was given. The patient died 6 days later of bronchopneumonia.

The T12 spinal cord segment showed slight anterior indentation. At L2 and L3 levels there was
patchy necrosis in a posterolateral distribution with axonal swellings. The central grey matter
showed oedema and there was anterior horn cell loss and acute ischaemic cell change of residual

neurons. Oedema was found in the posterior columns of T10-T12.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Subtotal pressure necrosis of lumbar spinal cord.

Haematoxylin and eosin

Macroscopic findings On post-mortem examination there was a paraspinal tumour mass 160 x 50
x 30 mm situated on the left side of T11 vertebra. Longitudinal section of the spine showed
collapse of T11 body which had been destroyed by the tumour. The spinal cord was displaced

posteriorly by the collapsed vertebra.

All segments are macroscopically normal except for L3 (N4) which shows cystic cavitation of the
lateral white matter on one side.

Microscopic findings Many corpora amylacea are seen within the white matter. At T10 (N6) there
is a loss of anterior horn cells but no other abnormalities. Segment T11 (N5) appears normal. At
segment T12 (N1) there is one axonal swelling in the cuneate fasciculus on one side. At L1 (N2)
there is one axonal swelling in the lateral white matter, loss of AHCs and vacuolation in the
posterior columns. At L2 (N3) and L3 (N4) many axonal swellings are seen posterolaterally in
focal regions. There is extensive patchy necrosis of the white matter in the lateral and posterior
columns with the formation of numerous axonal retraction bulbs. The central grey matter is

oedematous and scattered anterior horn cells show “acute ischaemic cell change”. There is
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vacuolation throughout the white matter and cystic change laterally but no loss of AHCs. Central
chromatolysis is seen in segments L2 (N3), L3 (N4) and T11 (N5). There is red cell change in the
anterior horn at segment T10 (N6), T11 (N5) and L1 (N2) suggesting a possible ischaemic

component.

Weil There was no pallor of Weil staining and no evidence of a demyelinative process.

Immunohistochemical results

CASE 7 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
T10 + - + + - - - + + + +
T11 + - + + - - - + + + +
T12 + - + + - - - + + + +
L1 + - + + - - - + + + +
L2 + + + + - - - + + + +
L3 + + + + - - - + + + +

* Shaded rows represent the site of compression

APP Axonal immunopositivity was present throughout the white matter in a focal pattern at
segments L1 (N2) - L3 (N4), and rarely in the posterolateral white matter at T11 (N5) and T12
(N1). Neuronal immunopositivity as found at segments T10 (N6), T11 (N5) and L3 (N4). Rare glial
cytoplasmic staining at L1 (N2).

Active caspase-3 Axonal immunopositivity using caspase-3 antibody was occasionally present in

the most severely damaged regions of the white matter at L2 (N3) and L3 (N4). Negative for

neurons and glia.
DNA-PKcs Axonal immunopositivity using DNA-PKcs antibody was occasionally present in the
most severely damaged regions of the white matter at L2 (N3) and L3 (N4). Immunopositivity to

glial nuclei was seen across all segments. Negative for neurons.

PARP Immunopositivity to glial nuclei was seen across all segments. Neuronal immunopositivity

was present within the posterior horn only at segments T10 (N6) on one side and both at T12 (N1),
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within both anterior and posterior horns at L1 (N2) and T11 (N5), and anterior horn only at L3
(N4).

Bcl-2 Negative.

Fas Negative.

Caspase-9 Negative for glia and neurons. Rare equivocal immunopositivity seen within axons at

L2 (N3) and L3 (N4) in the most severely damaged lateral regions of the white matter.

TUNEL Neuronal immunopositivity was found in all the posterior horn of all segments, in the
anterior horn of T12 (N1) to L3 (N4), and in the central grey matter of T10 (N6) and L3 (N4). Glial
nuclear immunopositivity was found across all segments and close to the grey matter.
Immunopositive profiles suggestive of axonal swellings were seen but the morphology was

equivocal.

CMAP All segments showed glial cytoplasmic and nuclear immunopositivity, however a sub-
population were immunonegative that was difficult to distinguish morphologically. There is also
staining within the majority of axons at all segments, including those which are apparently
morphologically normal and in axonal swellings. A sub-population of axons were negative. There
was a generalised, non-specific staining within the neuropil which may account for the above
immunopositivity. Negative in neurons T10 (N6) and L1 (N2) to L3 (N4) but there was rare
neuronal cytoplasmic immunopositivity at T11 (N5) and T12 (N1).

Amy-33 amyloid beta There was nuclear and cytoplasmic neuronal immunopositivity in the
anterior horn at T10 (N6) and L2 (N3), neurons of anterior and lateral horn T11 (N5) and L3 (N4),

anterior and posterior horn L1 (N2), and all regions of the grey matter at T12 (N1). There was

occasional non-specific staining within the neuropil. At T12 (N1) non-specific rounded
immunopositive profiles were seen in the white matter. At L3 (N4) and L2 (N3) there was axonal
immunopositivity throughout the white matter in focal regions and this occurred in many axons of
both small and large diametre. Few axons were immunonegative in the histologically abnormal
regions. At L1 (N2) there was isolated axonal immunopositivity spread throughout the white matter
but one focal region within the medial posterior white matter unilaterally. Occasional cytoplasmic

glial immunopositive profiles were seen in all segments.

University of Melbourne amyloid-beta Immunopositivity was rarely seen in axonal swellings at

segment L3 (N4). No other segments were stained.
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DAKO amyloid-beta Negative at L3 (N4). No other segments were stained.

AIFE In all segments there is glial and neuronal cytoplasmic immunopositivity in all areas of the
white and grey matter respectively. Glial staining is present in both oligodendrocytes and
astrocytes. Foci of axonal immunopositivity in normal and enlarged diameter axons are seen at L2-
3 (N3, N4) in regions immunopositive for the APP antibody. Negative axonal profiles are also

present.

Timeline of clinical progression

March Death
1982 June
1982

T A

Onset of lumbar
back pain due to
T11 collapse
with Osteogenic
Sarcoma
Metastasis

3 months later.
Rapidly
progressive
paraparesis to
near paraplegia.
Chemotherapy

Bronchopneumonia
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Spatial Distribution of Staining — Case 7

Case: 7

Haematoxylin and eosin

Levels:
a) Two levels above site _ - Ti0 a) Two levels above site - T10
b) At the site of compression - TI2 b) At the site of compression - Ti2
) Two levels below site - L2 ) Two levels below site - L2
a) a)

b)

<)

=]
6
g

Case: 7 Case: 7

APP DNA-PKes

Levels: Levels:

a) Two levels above site - Ti0 a) Two levels above site - Ti0

b) At the site of compression - TI2 b) At the site of compression - TI2

¢) Two levels below site - L2 ¢) Two levels below site - L2

a) % a)

b) b)

<) c) I I
I I ‘
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Spatial Distribution of Staining — Case 7

Case: 7 Case: 7

PARP TUNEL

Levels: Levels:

a) Two levels above site - T10 a) Twa levels abave site - T10
b) At the site of compression - TI2 b) At the site of compression - Ti2
) Two levels below site - L2 ) Two levels below site - L2

b)

¢

Case: 7
AlF 1

Levels:
a) Two levels above site - Tio

b) At the site of compression - TI2
) Two levels below site - L2

a)
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Summary of immunohistochemistry Case 7

Glia: PARP, DNA-PKcs, TUNEL,
Amy-33, CMAP, AlF

Axons: CMAP

Neurons: PARP, APP, TUNEL,
Amy-33, AlF

T10

H&E: AHC loss, red cell change

Glia: PARP, DNA-PKcs, TUNEL,
Amy-33, CMAP, AlF

Axons: APP, CMAP

Neurons: PARP, APP, TUNEL,
Amy-33, CMAP, AlF

T11

H&E: Red cell change, central
chromatolysis

Glia: PARP, DNA-PKcs, TUNEL,
Amy-33, CMAP, AlF

Axons: APP, CMAP

Neurons: PARP, TUNEL, Amy-33,
CMAP, AIF

i T12

H&E: Axonal swellings

Glia: PARP, DNA-PKcs, APP, AlF,
TUNEL, Amy-33, CMAP

Axons: APP, Amy-33, CMAP

Neurons: PARP, TUNEL, Amy-33,
AlF

L1

H&E: Axonal swellings, loss of
AHCs, red cell change

Glia: PARP, DNA-PKcs, TUNEL,
Amy-33, CMAP, AIF

Axons: DNA-PKcs, APP, caspase-3,
Amy-33, CMAP, AlIF

Neurons: TUNEL, Amy-33, AIF

L2

H&E: Axonal swellings central
chromatolysis, necrosis

Glia: PARP, DNA-PKcs, TUNEL,
Amy-33, CMAP, AIF

Axons: DNA-PKcs, APP, caspase-3,
Amy-33, CMAP, AIF

Neurons: PARP, APP, TUNEL,
Amy-33, AlF

L3

H&E: Cystic necrosis, axonal
swellings central chromatolysis,
necrosis

Conclusion There is evidence on postmortem examination of compression of the spinal cord
secondary to an extradural neoplasm with slight anterior indentation at T12 segment correlating to
a collapsed T11 vertebra. In addition, the severity of changes found on histological examination,
and the presence of red cell change in some neurons suggest a probable ischaemic component to

the pathophysiology. It is likely that with the deterioration over 9 days and the necrotic and axonal

injury changes on histology that this may be classified as a subacute event.

Immunohistochemical staining showed many APP positive axons and enlarged axons, either bulbs
or swellings, at the site of injury. A subset of enlarged axons were also immunopositive for

caspase-3 antibody which may represent the co-localisation of protein within the damaged axon
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secondary to disrupted axonal transport. It is not known whether there is any molecular interaction
between APP and caspase-3 at the site of accumulation. Many axons were immunopositive to the
Amy-33 amyloid-beta but not to the DAKO or University of Melbourne amyloid beta antibodies.
These axons were present in the same regions as those immunopositive to APP and thus the Amy-
33 staining may be non-specific, staining only those axons which are APP positive. Alternatively it
may indicate the break-down of APP into amyloid-beta peptides as originally suggested. The Amy-
33 antibody immunolabels a smaller region on the amyloid-beta peptide than DAKO or UM
antibodies which label the whole 4-42 amino acid amyloid beta peptide, and therefore there is the

potential for cross-reaction with different antigens.

PARP and TUNEL immunopositivity to glia and axons was found, TUNEL within more medial
glia and PARP in glia of the subpial region. Furthermore, PARP appeared to immunolabel a sub-
population of glia with morphology similar to oligodendrocytes. Both markers were
immunopositive in neurons at the site of the lesion and above. This result may indicate a separate

process from the axonal pathology given that glia and neurons were immunonegative to caspase-3.
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CASE 8

Clinical summary A 74 year-old male with increasing left-sided neck pain, reported 11 months

prior to his death. He was admitted with a wedge fracture of T8 with 30% reduction in height
centrally and anteriorly. Radiology of the cervical spine showed widespread degenerative change,
facet joint degeneration, disc space narrowing, particularly in the inferior levels of the cervical

spine. Osteophyte formation was also noted.
At autopsy, a right ventral dural plaque was observed at the level of C5 covering an area of 15mm
in length and width by 2mm height. T4-T6 levels were indurated. Histology showed patchy

leptomeningeal infiltration at C2-T12 levels by metastatic squamous cell carcinoma.

Pathology — brain

1. Swollen brain with cerebellar tonsillar necrosis.
. Plaque jaune inferior frontal lobe.

Hypoxic / ischaemic encephalopathy with pseudolaminar cortical accentuation.

2
3
4. Raised intracranial pressure with cerebellar tonsillar necrosis.
5. Incidental Lewy body disease.

6

. Old plaque jaune left inferior frontal lobe.

Pathology — spine and spinal cord

1. Extramedullary subdural mass of abnormal tissue of the left ventral proximal cord.

2. Intramedullary nodule of plaque tissue at T9-T10.

3. Fibrous dural plague at C5 level.

4. Induration and pallor of the cord at T4-T6 levels.

5. Meningeal carcinomatosis (squamous cell carcinoma) involving predominantly the spinal

cord including multifocal intramedullary spinal cord extension.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was an extramedullary subdural mass
over the ventral surface of haemorrhagic and yellow tissue measuring 75 x 20 mm extending from
the proximal margin. In addition there was a right ventral dural plaque at the level of C5 composed
of fibrous white tissue extending over an area of 15 mm in diameter and up to 2 mm in height. The
cord at the level of T4 to T6 appeared externally to have an indurated and white appearance which
may be artefact. At the level of T9 to T10 there was a pale intramedullary nodule 4 mm in

diameter.
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Asymmetry and distortion of the cord is evident in all sections. In segments C4, C5, C6 and C8

(N35-N38) the cord appears compressed.

Microscopic findings C2-C8 cervical spinal cord segments (N32-N37): there is patchy
leptomeningeal infiltration by metastatic squamous cell carcinoma including subdural infiltration
and tumour infiltration of the dura mater. A multitude of corpora amylacea are seen dispersed
throughout the cord but greatest in number around vessels. At C3 (N34) tumour is seen to infiltrate
the posterior columns and extending into the posterior sulcus. Vacuolation and axonal swellings are
visible throughout the white matter and neuronal red cell change. At C4 (N35) there is mild to
moderate vacuolation of the white matter. At C5, C6, C8 (N37) occasional axonal swellings and
vacuolation can be seen in the subpial region. The grey matter appears elongated or compressed at
C6, C5.

T1-T12 thoracic spinal cord segments (N40-N52): patchy leptomeningeal and subdual infiltration
by metastatic squamous cell carcinoma. Intraparenchymal cord invasion in segments N42, N48,
N49, N50 with destruction of half of the spinal cord. There is tumour bordering cord segment T2
(N41) and moderate vacuolation with occasional axonal swellings. At T3 (N42) invasive tumour is
seen within the entire posterior and part of the lateral cord in addition to vacuolation and foci of
axonal swellings. There is extensive loss of grey matter replaced by the tumour. Segments T9
(N48) and T10 (N50) show posterolateral tumour invasion. At T7 (N46), T8 (N47), T9 (N48), T10
(N50) and T12 (N52) vacuolation and occasional axonal swellings are present throughout the white
matter. At T11 (N51) mild vacuolation only is present, nil other significant. At L5 (N57) tumour is
seen invading into the posterior white matter. There are vacuolative changes and occasional axonal
swellings throughout the white matter. There is anterior horn cell loss at C3, C4 (N35), T2, T3, T7,
T8, T10.

Weil Occasional pallor seen on Weil stain appears due to either to vacuolative changes, invasive

tumour or corpora amylacea within the white matter. There is no evidence on microscopic analysis

of demyelination of axons associated with Wallerian degeneration.
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Immunohistochemical results

CASE 8 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C3 + - + + + - - + + + +
C4 + + + + - - - - + + +
©5 + + + + + - - - 1 + +
C6 + + + + + - - - + + +
Cc7 + + + - - - - - + + +
C8 + + + - - - - - + + +
T2 + + + + - - - - + + +
T3 + + + + - - - - + + +
T7 + + + + - - - - + + +
T8 + + + + - - - - + + +
T9 + + - + - - - - + + +
T10 + + + + - - - - + + +
T11 + + + + - - - - + + +
T12 + + + + - - - + + + +
L5 + - - + - - - - + + +

* Shaded rows represent the site of compression

APP Cytoplasmic neuronal staining is seen in all segments. Immunonegative in glia. Segment C3
(N34) shows focal areas of axonal immunopositivity in small and large diameter axons. These
regions include the deep posterior columns and subpial anterolateral white matter. C4 (N35) and
C5 (N36) segments have rarely present immunopositive axonal swellings. C6 (N37) was
immunonegative. At C8 (N38) there are occasional positive large axons. At T2 (N41) focal regions
of axonal staining occur in the lateral corticospinal tracts and dorsal root entry zone unilaterally.
There are also occasional positive axons dispersed throughout the white matter. At level T7 (N46)
there are again isolated positive axons but in addition one focus of staining in the gracile fasciculus
unilaterally. At T8 (N47) immunopositive axonal swellings are rarely seen in the white matter. At
T9 (N48) and T10 (N50) positive axons are dispersed throughout the white matter but greater in
number along the border of the invasive tumour and in the anterior corticospinal tracts especially
on one side. At T11 (N51) and T12 (N52) there is again a foci of staining in the anterior
corticospinal tract but otherwise axonal immunopositivity is rarely seen. At L5 (N57) occasional

axonal positivity was present in the anterior corticospinal tracts.
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Active caspase-3 At T3 there was immunopositivity in axonal swellings in regions also

immunopositive for APP. Fewer axons were immunopositive at T2 (N41). Equivocal neuronal
cytoplasmic immunopositivity was found in segments T7-T8 (N46, N47) and T10-T12 (N50-N52)
however this may also be accounted for by the background staining.

DNA-PKcs Equivocal neuronal immunopositivity was seen in T10-T12 (N50-N52). In these
neurons the presence of both cytoplasmic and nuclear staining may indicate a non-specific reaction.
However, one unequivocally immunopositive neuronal nucleus was seen at T12 (N52) and at
segment T2 (N41) several nuclei were positive in the anterior horn on one side. Neurons were
immunoreactive in the posterior horn and central grey at T7 (N46). At C8 (N38) immunopositive
neuronal nuclei were seen in the anterior horn. A proportion of axonal swellings were
immunopositive in segment T3 (N42) especially within the anterior white matter. Glial nuclear
immunopositivity was present in the subpial region at C3-C6 (N34-N37), occasionally in the
subpial and grey matter at C8 (N38) and T9 (N48) and may be non-specific due to its location at
the edge of the tissue. At C8 (N38), T2 (N41), T7-T8 (N46-N47) and T10-T12 (N50-N52) the
staining is more homogeneous. T3 (N42) and L5 (N57) are immunonegative within glia.

PARP Glial nuclei were immunopositive in all segments dispersed throughout the white matter.
The morphology was suggestive of oligodendrocytes. Many equivocally staining glia were also
seen. Neuronal nuclei and prominent nucleoli were immunopositive in neurons of all segments
except T2-T3 (N41-N42). Immunopositive neurons were unilateral at T7 (N46). The PARP marker
did not show any positive staining in axons.

Bcl-2 Equivocal glial staining in the subpial region. Immunopositive glial cell in white matter at C3
(N34), C5 (N36), C6 (N37). Negative in axons and neurons.

Fas Equivocal glial staining in subpial region. Rare equivocal staining in axons. Negative in

neurons.

Caspase-9 Equivocal glial and rare axonal staining subpial region. Negative in neurons.

TUNEL One immunopositive neuronal nucleus was seen at T12 (N52) and at C3 (N34) otherwise
the TUNEL marker was immunonegative in neurons. Non-specific immunopositivity in white
matter bordering the tumour at T9 (N48) and T10 (N50) and there was glial immunoreactivity
found in the central grey and surrounding white matter unilaterally at T12 (N52). Negative in

axons.
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CMAP Immunopositivity was seen in glia, neurons, the majority of axons both small and large,
and in ependymal cells. The degree of background staining negates the specificity of this marker at

the dilution used.

Amy-33 amyloid beta Immunopositivity in axonal swellings is seen in all segments in regions

which were also immunopositive for APP. Amy-33 marker stained a greater number of small and
large diameter axons than did the APP marker. Immunonegative axons were also present in these
regions although these were rare. Cytoplasmic and occasionally nuclear immunopositivity was seen

within neurons in all segments which were stained using Amy-33 amyloid-beta antibody.

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIFE In all segments many glia showed granular immunopositivity within the cytosol. There was
also neuronal and ependymal cytoplasmic staining in all segments. There was no immunopositivity

within axonal profiles.

Timeline of clinical progression

March Death
2001 February
2002

A A
Increasing left X-ray showed widespread degenerative Autopsy: plaque C5,
neck pain. changes — disc space narrowing, leptomeningeal invasion
Wedge fracture osteophytes formation, facet joint metastatic squamous cell
T8 degeneration carcinoma C2 - T12
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Spatial Distribution of Staining — Case 8

Case: 8a (first compression at C5)
Amy-33

Levels:
a) Two levels above site - c

b) At the site of compression - cs
©) Three levels below site - c8

a)

b)

Case: 8a (first compression at C3)
APP

Levels:
a) Two levels above site - c3

b) At the site of compression - cs
¢) Three levels below site - Cc8

a)

b)

Case: 8a (first compression at C5)
Haematoxylin and eosin

Levels:

a) Two levels above site - c3
b} At the site of compression - C5
c) Three levels below site - C8

Case: 8a (first compression at C5)

DNA-PKcs

Levels:

a) Two levels above site - 3
b) At the site of compression - Ccs
¢) Three levels below site - C8
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Spatial Distribution of Staining — Case 8

Case: 8a (first compression at C5)
PARP

Levels:

a) Two levels above site - C3
b) At the site of compression - C5
c) Three levels below site - c8

a)

b)

<€)

Case: 8a (first compression at C5)

AIF 1

Levels:

a) Two levels above si Cc3
b) At the site of compress cs
¢) Three levels below site 8

b)

Case: 8a (first compression at C5)
TUNEL

Levels:

a) Two levels above site
b) At the site of compression
c) Three levels below site

a)

b)
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Spatial Distribution of Staining — Case 8

Case: 8b (second compression at T9-T10)
Amy-33

Levels:
a) Two levels above site - T7

b) At the site of compression - T9
¢) Two levels below site - TI2

b)

€)

Case: 8b (second compression at T9-T10)
APP

Levels:
a) Two levels above site - T7

b) At the site of compression - T9
¢) Two levels below site - TI2

b)

9 @ &

Case: 8b (second compression at T9-T10)
Haematoxylin and eosin

Levels:

a) Two levels above site -

b) At the site of compression - 9
¢) Two levels below site - TI12
a)

b)

Case: 8b (second compression at T9-T10)

DNA-PKcs

Levels:

a) Two levels above site - 7
b) At the site of compression - T9
¢) Two levels below site - T12
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Spatial Distribution of Staining — Case 8

Case: 8b (second compression at T9-T10) Case: 8b (second compression at T9-T10)

PARP TUNEL

Levels: Levels:

a) Twao levels above site - T7 a) Two levels above site - T
b) At the site of compression = T9 b) At the site of compression - T9
¢) Two levels below site - Ti2 ) Two levels below site - TIi2
a) a)

b) b)

<)

Case: 8b (second compression at T9-T10)
AlF 1

Levels:
a) Two levels above site - 7

b) At the site of compression - T9
¢) Two levels below site - T2

a)

b)
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Summary of immunohistochemistry Case 8

Glia: PARP, Bcl-2, CMAP, AIF
Axons: APP, Amy-33, CMAP ) .
Neurons: APP, PARP, Amy-33, c3 H&E: vacuolation, axonal
TUNEL, CMAP, AIF swellings, red cell change
Glia: PARP, CMAP, AIF
Axons: APP, Amy-33, CMAP H&E: Mild to moderate
Neurons: APP, PARP, Amy-33, C4 vacuolation
CMAP, AlF
Glia: PARP, Bcl-2, CMAP, AlF ///
Axons: APP, Amy-33, CMAP / % H&E: Occasional axonal
Neurons: APP, PARP, AIF f/j C5 % swellings and vacuolation,
Amy-33, CMAP ﬁ compression grey matter
7
Glia: PARP, Bcl-2, CMAP, AlF onal |
Axons: CMAP H&E: Occasional axona
Neurons: APP, PARP, Amy-33, c6 Swelllngs_and vacuolation,
CMAP, AIF compression grey matter
Glia: DNA-PKcs(rare) PARP,

_ CMAP, AIF c8 H&E: Occasional axonal
Axons: APP, Amy-33, CMAP swellings and vacuolation
Neurons: APP, PARP Amy-33,

DNA-PKcs, CMAP
Glia: DNA-PKcs (rare), PARP,

CMAP, AIF :

! H&E: lation, |

Axons: APP, Amy-33, CMAP T2 swellin\;icuo ation, axona
Neurons: APP, DNA-PKcs,

CMAP, AIF
Glia: PARP, CMAP, AlF
Axons: DNA-PKcs, Amy-33, H&E: vacuolation, axonal

CMAP T3 swellings, loss of grey matter

Neurons: APP, CMAP, AIF
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Glia: DNA-PKcs, PARP, CMAP, AlF
Axons: APP, Amy-33, CMAP

H&E: vacuolation, axonal

Neurons: APP, PARP, Amy-33, T7 swellings

DNA-PKcs, CMAP, AIF
Glia: DNA-PKGcs (rare), PARP, AlF, 7/%

CMAP 7 ,{/// H&E: vacuolation, axonal
Axons: APP, Amy-33, CMAP . T8 7 swellings

Neurons: APP, PARP, Amy-33,
CMAP, AIF

W

Glia: PARP, CMAP, AIF

Axons: APP (max), Amy-33, CMAP

Neurons: APP, PARP, Amy-33,
CMAP, AIF

.

T9

_

H&E: vacuolation, axonal
swellings

Glia: DNA-PKcs, PARP, CMAP, AlF

Axons: APP (max), Amy-33, CMAP

Neurons: APP, PARP, CMAP
Amy-33, AlF

T10

H&E: vacuolation, axonal
swellings

Glia: DNA-PKcs (rare), PARP, AlF,
CMAP

Axons: APP, Amy-33, CMAP

Neurons: APP, PARP Amy-33, AlF,
CMAP

T11

H&E: mild vacuolation only

Glia: DNA-PKcs (rare), PARP, AlF,
TUNEL, CMAP

Axons: APP, Amy-33, CMAP

Neurons: APP, DNA-PKcs, PARP,
TUNEL (rare), Amy-33,
CMAP, AIF

T12

H&E: vacuolation, axonal
swellings

Glia: PARP, CMAP, AIF
Axons: APP, Amy-33, CMAP
Neurons: APP, PARP, CMAP, AlIF

L5

H&E: vacuolation, axonal
swellings
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Conclusion A 74 year old male with known metastatic squamous cell carcinoma and spinal cord
intramedullary invasion. Two separate sites of malignant compression were present, one in the
cervical and one in the thoracic cord. There was sensory impairment but no reported motor
impairment and this was consistent with histopathological findings which found tumour infiltration
into the posterior columns at both sites. There was evidence of ischaemic damage as there was
neuronal red cell change. There was widespread immunopositivity to PARP antibody, being
present at, above and below both sites of compression in glia and neurons. DNA-PKcs and TUNEL
were rarely present in glia, suggesting that DNA-damage may be minimal and PARP
immunopositivity may alternatively represent DNA-repair processes and cell-remodelling. APP
and amy-33 antibody staining was seen in axonal swellings at, above and below. Other antibodies

to amyoid-beta were negative. AIF was heterogeneously positive in glia and neurons.




CASE 9

Clinical summary A 24 year- old male who presented with right arm pain and paraesthesia. The

onset of symptoms was 8 months before death. Investigations showed an extraosseous Ewing's
tumour of the right humerus. Chemotherapy and radiotherapy resulted in some improvement
however he re-presented 4 months later with increasing right arm pain. He developed pneumonia
followed by flaccid quadriparesis, associated with a cord lesion at segments C2-C5. A second
course of radiotherapy was commenced, with slight neurological improvement in the upper limbs.
Shortly afterwards, he suffered a massive gastrointestinal haemorrhage, endoscopy showing a

bleeding duodenal ulcer.

On autopsy, no evidence of tumour could be found within the spinal canal following radiotherapy,
however there were signs of left-sided compression of the cord at C5-C6. C2-C5 showed subtotal
loss of ganglion cells. There were axonal swellings in the white matter of C5-C6, and some in the
right lateral column at C4. C5-C6 segments showed marked oedema, demyelination of axons, and
loss of anterior horn cells. The most severe white matter damage was in the right lateral white

matter subpially.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Macroscopically normal spinal cord.
2. The microscopic features are those of a compressive myelopathy at C5-C6 spinal cord

levels.

Haematoxylin and Eosin

Macroscopic findings Segment C8 (N1) appeared macroscopically normal except for an
artefactual splitting of the lateral white matter on one side. At C5-C7 (N2-N6) part of the lateral
cord was missing from section likely due to the tissue processing technique. At C5 (N4) and C7
(N2) there was apparent cystic change in the lateral white matter on one side. Segments C4 (N7)

and C3 (N8) were macroscopically normal.

Microscopic findings At C8 (N1), C7 (N2), C6 (N3), C5 (N4, N6), C4 (N7) and C3 (N8) there is a
loss of anterior horn cells (AHC). At C8 (N1) and C6 (N3) there is occasional microvacuolar

change and rarely axonal swellings are seen in the lateral white matter. At C7 (N2) more advanced
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vacuolation is seen. Axonal swellings or bulbs are present occasionally in the anterior white matter
and throughout the posterolateral white matter. A large region of cystic cavitation is found in the
lateral spinothalamic tract and a second region in the lateral corticospinal tract on the same side. At
C5 (N4, N6) there is a similar pattern of vacuolar changes and axonal swellings and at C7 with the
lateral white matter severely affected on one side and in addition there is a further small region of
cystic cavitation in the opposite lateral corticospinal tract. At C5 (N5) there is a large cystic region
in the cuneate fasciculus on one side and macrophages are present. At segment C4 (N7) less severe
changes are noted with only occasional axonal swellings present in the lateral corticospinal tract
and contralateral spinothalamic tract. There are no cystic cavities at this level. At C3 (N8) there is

mild vacuolation of the white matter.

Weil Macroscopically there is a generalised pallor of the cord at C8 (N1) and C7 (N2) most severe
in the posterior columns. At the levels of compression, C6 (N3) and C5 (N4), there is involvement
of both the posterior columns and subpial lateral white matter. At C5 (N5, N6) there is clear pallor
of lateral corticospinal tract as well as posterior columns. A minimal decrease in staining is seen at
C4 (N7) in the cuneate fasciculi. C3 (N8) is normal on Weil staining. Histologically a proportion of
the pallor found on Weil staining could be accounted for by vacuolation of the white matter
however in the lateral and posterior white matter distinct areas of demyelination were evident at
C4, C5 and C7 (N2, N4, N5, N7).
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Immunohistochemical results

CASE 9 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C3 + + - + + + + + + + +
Cc4 + + + + - + + + + + +
C5 i AF dF 4 i AF 1 & AF AF AF
C6 + + + + + + + + + + +
C8 + + + + - + + + + + +
T2 + + + + - + + + + + +
T3 + + + + - + + + + + +
T7 + + + + - + + + + + +
T8 + + + + - + + + + + +
T9 + + - + - + + + + + +
T10 + + + + - + + + + + +
T11 + + + + - + + + + + +
T12 + + + + - + + + + + +
L5 + + - + - + + + + + +

APP Immunopositive axonal swellings / bulbs and axonal profiles of normal diameter were seen in
the white matter of all segments. These profiles were dispersed throughout the white matter
including the anterior corticospinal tracts and deep posterior columns but were greatest in number
in the lateral corticospinal tracts tending towards the subpial regions. Immunopositivity was
greatest at the level of C5 (N4-N6). Occasionally the morphology of such profiles was indistinct

from glial nuclei. Neuronal cytoplasmic immunopositivity was seen in one neuron at C5 (N5).

Active caspase-3 Occasional cytoplasmic immunopositive staining was found in unidentified cells

within the white matter in all segments. Occasional immunopositive axonal swellings or bulbs were
seen in all areas of the white matter at C7 (N2) and C5 (N4, N5, N6) and in the lateral white matter
only at C6 (N3). Fewer immunopositive axons were found at segments C4 (N7) and C3 (N8).

Negative in neurons.

DNA-PKcs At C5-C7 (N2-N4) immunopositive glial nuclei were present in all areas of the white
matter but in highest numbers around the subpial rim. Sections N5 and N6 of C5 level, and C8 (N1)

were immunonegative within glia. Positive glia were rarely present at C4 (N7). At C3 (N8)
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immunopositive glia were again seen dispersed through the white matter, greatest in number
subpially, and many with a morphology resembling microglia. Axonal immunopositivity was rarely

seen at C4 (N7) to C7 (N2) but more commonly at C5 (N4). Negative in neurons.

PARP Glial nuclear immunopositivity was occasionally found in segments C3-C5 (N4-N8) in
subpial regions but a cell type could not be determined based on morphology alone. PARP
immunopositivity was rarely seen in axonal swellings of the lateral white matter on one side only at
C5 (N4-N6) and C4 (N7). Negative in neurons.

Bcl-2 Rare non-specific staining was seen at C7 (N2) and C5 (N4). Equivocal axonal

immunopositivity was rarely seen at C5 (N4). Negative in neurons.

Fas Equivocal immunopositivity was found occasionally in axonal swellings at C4-C6 (N3, N4,

N6, N7). Negative in glia, neurons.

Caspase-9 Equivocal axonal immunopositivity segments C4, C5 and C7 (N2 and N4-N7).

Negative in neurons and glia.

TUNEL Many neuronal nuclei were immunopositive using the TUNEL marker in all areas of the
grey matter in all segments. Many glial nuclei were also immunopositive in anterior, posterior and
lateral regions in all segments. Numbers of positive glia were greatest towards the central cord.
Immunostaining was greatest in terms of neuronal and glial numbers at C5 (N5 and NG6). In

addition there were large immunopositive axonal profiles axonal.

CMAP Occasional neuronal immunopositivity was found. A subtotal number of axons both normal
and larger size were positive with few immunonegative profiles. A subset of glia were also
immunopositive. Given the high level of background staining in these sections the specificity of

this marker at the current dilution is in question.

Amy-33 amyloid beta At C3 (N8) many neurons showed immunopositivity within the cytoplasm.

Rarely, positive glia were viewed within the white matter. Occasional smaller immunopositive
profiles, possibly axons were found in the white matter particularly in the posterior columns. At C4
(N7) there was again neuronal cytoplasmic positivity. A greater number of small and large
diameter axonal profiles were seen throughout the white matter but especially in the posterolateral
regions. Focal areas of immunostaining were clearly visible in both lateral corticospinal tracts, one
side larger than the other. Occasional glia were immunopositive. At C5 (N4, N5) similar staining

was seen except a larger region overall was affected. There was a mixture of immunopositive and
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immunonegative axonal swellings. At C6 (N3) equivocal staining was seen within neurons. There
were scattered small and sometimes larger positive axonal profiles in the white matter, again in
greater number within the lateral corticospinal tracts. At C7 (N2) axonal immunopositivity was
increased in number with focal regions of staining visible in the lateral spinothalamic tract on one
side, both lateral corticospinal tracts, and both gracile fasciculi. Only occasional neuronal
immunopositivity occurred. At C8 (N1) there was occasional neuronal staining and axonal

immunopositivity in axons of variable diameter.

University of Melbourne amyloid beta Equivocal immunopositivity within axons and glia at C5

(N5, N6) however the degree of background staining negates the specificity of this marker.

DAKO amyloid beta Negative.

AIF At C3 and C8 (N1, N8) there is oligodendroglial and astrocytic immunopositivity throughout
the cord and neuronal cytoplasmic immunopositivity. At C4, C5, C7 (N2, N4, N5, N6, N7) there is
glial and neuronal staining as well as immunopositivity in axonal swellings and macrophages in all
regions of the cord. Axons of normal and enlarged diameter are immunopositive and interspersed
between negative axonal swellings. At C6 (N3) there is glial and neuronal immunopositivity and

rare axonal swellings immunopositive in the lateral white matter.

Timeline of clinical progression

August Jan March
1986 1987 1987
Death

A A
Right arm pain Chemotherapy/ Worsening Pneumonia. Radiotherapy Death due to
and Radiotherapy Right arm C2-C5 with massive
paraesthesia. with pain compression, improvement gastro-
Diagnosis improvement associated in upper intestinal
Ewing’s quadriparesis limbs haemorrhage
tumour
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Spatial Distribution of Staining — Case 9

Case: 9
Amy-33

Levels:
a) Two levels above site

b) At the site of compression
¢) Two levels below site

b)

<

&
&

Case: 9
Haematoxylin and eosin

Levels:
a) Two levels above site

b) At the site of compression
) Two levels below site

)

Case: 9
APP

Levels:
a) Two levels above site

b) At the site of compression
¢) Two levels below site

b)

)

C:!

P
0

C3
Cs
8

&P
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Spatial Distribution of Staining — Case 9

Case: 9 Case: 9

DNA-PKes PARP

Levels: Levels:

a) Twao levels above site 3 a) Two levels above site (&)
b) At the site of compression cs b) At the site of compression - Cs
¢) Two levels below site c§ ¢} Two levels below site - C8
a) a) I I
b) b)

L <)

Case: 9 Case: 9

TUNEL AlF 1

Levels: Levels

a) Two levels above site c3 a) Two levels above site - c3
b) At the site of compression cs b) At the site of compression - cs
¢) Two levels below site C8 ¢) Two levels below site 8

a)

b)
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Summary of immunohistochemistry Case 9

Glia: TUNEL, DNA-PKcs, PARP, AlF,
CMAP

Axons: APP (minimal), Amy-33,
CMAP, Caspase-3

Neurons: TUNEL, Amy-33, CMAP,
AlF

C3

H & E: AHC loss, mild vacuolation
Cord diameter: AP 6.5 Lat 10.5mm

Glia: TUNEL, DNA-PKcs, PARP, AlF,
CMAP

Axons: APP, Amy-33, Caspase-3, AlF,
DNA-PKcs, PARP, CMAP

Neurons: TUNEL, Amy-33, CMAP,
AlF

C4

H & E: AHC loss, axonal swellings
Weil: lateral white matter
Cord diameter: AP 7 Lat 12mm

Glia: TUNEL (max), DNA-PKcs, AlF,
PARP, CMAP

Axons: APP (max), Amy-33 (max),
Caspase-3, DNA-PKcs (max),
PARP, CMAP, AlF

Neurons: APP, TUNEL (max), Amy33,

o

-

H & E: AHC loss, axonal swellings,
cystic necrosis

Weil: posterolateral white matter
Cord diameter: AP 7 Lat 13mm

AIF, CMAP
Glia: TUNEL, DNA-PKcs, PARP,
CMAP, AlF H & E: AHC loss, vacuolation,
Axons: APP, Amy-33, Caspase-3, AlF, C6 axonal swellings
DNA-PKcs, CMAP Cord diameter: AP 7 Lat 13mm
Neurons: TUNEL, CMAP, AlF
Glia: TUNEL, DNA-PKcs, CMAP, AlF H & E: AHC loss, vacuolation
Axons: APP, Amy-33, Caspase-3, AlF, (max), axonal swellings, cystic
DNA-PKcs, CMAP Cc7 Necrosis
Neurons: TUNEL, Amy-33, CMAP, Weil: posterolateral white matter
AlF Cord diameter: AP 7 Lat 13mm
iggn:—i'\liELA(r:nMég é||\/'|: AP H & E: AHC loss, vacuolation,
) ! y-o9, C8 axonal swellings

Neurons: TUNEL, Amy-33, CMAP,
AlF

Cord diameter: AP 8 Lat 14mm

Conclusion A 24 year-old male with spinal cord compression secondary to extraosseous Ewing’s
tumour invasion. It is not clear from clinical reports whether the lesion was intra- or extra-dural.
Histopathological analysis did not show any intramedullary invasion of the spinal cord. The tumour
initially surrounded C2-C5 segments however post-radiotherapy the tumour apparently affected
only the C5-C6 level.
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CASE 10

Clinical summary A 72 year-old male with metastatic prostatic carcinoma of the vertebral column,

compressing the cervical spinal cord and resulting in incomplete quadriplegia. Obstructive chronic
pyelonephritis and right-sided ureteric obstruction caused progressive renal insufficiency and renal

failure was the cause of death.

There was absence of the intervertebral discs and fusion of C4, 5, 6, 7 vertebral bodies. The
architecture of these vertebrae was replaced by grey/white tissue. Stenosis of the spinal canal

existed at the level of the odontoid process and C3 vertebral body.

There was compression cervical myelopathy at C8 and C2-C3 segments. At the level of C2 there
was recent focal congestion of blood vessels and haemorrhage into one anterior horn. Loss of
anterior horn cells was found at C3, C4, C5, C6, C7 and C8. There were intradural metastatic

deposits of tumour.

Pathology — brain

1. Old lobular infarction left cerebellum.

Pathology — spine and spinal cord

1. Compression cervical myelopathy.

2. Metastatic prostatic carcinoma of the vertebral column.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there were areas of A-P compression
deformity present at C2-C3 and C8. Segmental levels C3 (N17) to C6 (N20), and C8 (N22) to T3
(N25) were macroscopically distorted on haematoxylin and eosin staining. There was mild
unilateral distortion of the spinal cord at segments C2 (N16) and C7 (N21), which may either

represent artefact or pathological compression.

Microscopic findings Many corpora amylacea are seen throughout the cord. In segment C2 (N16)
there is a small area of haemorrhage towards the posterior grey matter. This segment is otherwise
normal. Segment C3 (N17) shows loss of anterior horn cells. Central chromatolysis was seen in
neurons of segments C4 (N18), C5 (N19) and C7 (N21) characterised by cell swelling and
peripheral displacement of the Nissl substance and nucleus. There is a loss of anterior horn cells at
C4-C8. At C6 (N20) and C8 (N22) there is a small region of haemorrhage and cystic change in the
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grey matter unilaterally. C7 (N21) appears normal. At C8 (N22), T1 (N23), T2 (N24) there is the

impression of anterior horn cell loss. T3 (N25) appears normal.

Weil Mild pallor is observed macroscopically on Weil staining in the posterior column in segments
T2 (N24) and T3 (N25). On microscopic analysis there appeared to be normal myelination of axons
however the posterior columns contained fewer axons than would normally be found, possibly

accounting for the pallor on macroscopic examination.

Immunohistochemical results

CASE 10 — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C2 - + + + - - - + + + +
C3 - + + + + - - + + + +
C4 - + + + - - - + + + +
C5 - + + + + - - + + + +
C6 - + + + + - - + + + +
Cc7 - + + + - - - + + + +
C8 + + + + + - - + + + +
T1 - + + + - - - + + + +
T2 - + + + - - - + + + +
T3 - + + + - - - + + + +

APP Immunonegative for glia and neurons. Non-specific immunopositivity is seen in spherical
profiles at segments C2 and C3 (N16-17). Two immunopositive axonal profiles are seen in the
gracile fasciculus and one in the contralateral cuneate fasciculus at C8 (N22). There were no other

significant findings.

Active caspase-3 Immunonegative for glia, neurons and axons.

DNA-PKcs One immunoreactive neuronal nucleus was seen in the posterior horn at C8 (N22).
Immunopositive glial nuclear profiles were recognised throughout the white matter of all segments.
Possible isolated immunopositive axonal profiles in segments in lateral corticospinal tract of C6
(N20) and posterior column of T1 (N23).
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PARP Immunonegative for neurons, axons. Many immunopositive glial nuclear profiles with the
morphology of oligodendrocytes (oval) were recognised throughout the white matter of all

segments.

Bcl-2 Immunonegative for neurons and axons. Immunopositivity for the nuclear membrane of cells
within the neuropil, likely to be glia according to profile and size, were seen at segments C3 (N17),
C5 (N19), C6 (N20) and C8 (N22).

Fas Immunonegative for neurons, glia and axons.

Caspase-9 Immunonegative for neurons glia and axons.

TUNEL Nuclear immunopositivity in neurons was found bilaterally in the posterior horn at
segment C2 (N16). Positive neurons were seen in both anterior and posterior horns of segments C3-
C8 (N17-N22) and T2, T3 (N24-N25). Neurons of the central grey matter were also present at C2,
C3, C5, C8, T2 and T3 (N16, N17, N19, N22, N24, N25 respectively). Segment T1 (N23) was
immunonegative for neurons. Glial nuclear immunopositivity was present scattered throughout the
white matter in all segments studied but was maximal at C3 (N17) and T3 (N25). Immunonegative

for axons.

CMAP From C2 (N16) to T1 (N23) approximately 50% of glial nuclei immunopositive using
CMAP. Immunopositivity in ependymal cell nuclei and occasional small axonal profiles. Fewer
immunopositive glia are seen at T2 (N24) but otherwise there is a similar pattern of axonal and
ependymal staining. The increased level of background staining indicates that immunopositivity

may be non-specific. Immunonegative in neurons.

Amy-33 amyloid beta

C2 (N16) and C3 (N17): Occasional equivocal immunopositivity within the cytoplasm of neurons.
Non-specific immunopositivity within rounded profiles occasionally present in the white matter.
C4 (N18): Immunopositivity in the AHC cytoplasm. Distinct focus of axonal immunopositivity in
the spinothalamic tract unilaterally. This region is not present using the APP immunomarker at the
same level.

C5 to T2 (N19 to N24): Occasional immunopositivity in the AHC cytoplasm, greater numbers
unilaterally from C7 to T2. Rounded profiles are seen scattered occasionally throughout the white
matter, mostly posterior and lateral from C6 to T1. Some non-specific profiles in whilte and grey
matter at T1 and T2.
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University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF Occasional immunoreactivity was found in the cytoplasm of oligodendrocytes and astrocytes
in all segments. Neuronal immunostaining was also present in large numbers bilaterally.
Immunopositivity was present in the cytoplasm of ependymal cells. There was no

immunopositivity within axonal profiles.

Timeline of clinical progression

1987 Death

July

1992

A A

Prostate Dissemination Chronic
carcinoma causing spinal pyelonephritis
diagnosed. cord compression, and renal
TURP, quadriplegia insufficiency
Radiotherapy
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Spatial Distribution of Staining — Case 10

Case: 10 Case: 10
Amy-33 Haematoxylin and eosin
Levels: Levels:
a) Two levels above site - Cc6 a) Twa levels above site . 6
b) At the site of compression - Cc8 b) At the site of compression - 8
c) Two levels below site - T2 c) Twao levels below site - T2
2) a)
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Spatial Distribution of Staining — Case 10

Case: 10 Case: 10
PARP TUNEL

Levels: Levels:

a) Two levels above site - 6 a) Two levels above site - 6
b) At the site of compression - cs b) At the site of compression - C8
) Two levels below site - T2 <) Two levels below site - T2
a)

b)
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Case: 10
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Levels:
a) Two levels above site - C6
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Summary of immunohistochemistry Case 10

Glia: PARP, DNA-PKcs, TUNEL,
CMAP, AlF

Axons: Nil

Neurons: TUNEL (Posterior), AlF,
Amy-33

7

.

H & E: Corpora amylacea, small
haemorrhage posterior column

Glia: PARP, DNA-PKcs, CMAP,
Bcl-2, AIF, TUNEL (Max)

Axons: Nil

Neurons: TUNEL, Amy-33, AlIF

H & E: Corpora amylacea, anterior
horn cell loss

Glia: PARP, DNA-PKcs, TUNEL,
CMAP, AIF

H & E: Corpora amylacea, central

Axons: Amy-33 C4 chromatolysis, anterior horn cell loss
Neurons: TUNEL, Amy-33, AlF
Glia: PARP, DNA-PKcs, TUNEL,

CMAP, AlF, Bcl-2 H & E: Corpora amylacea, central
Axons: Nil €3 chromatolysis, anterior horn cell loss
Neurons: TUNEL, Amy-33, AIF
Glia: PARP, DNA-PKcs, TUNEL,

CMAP, AIF, Bcl-2 H & E: Corpora amylacea,
Axons: DNA-PKcs (Lateral), Amy- C6 haemorrhage and cystic change in

33, CMAP grey matter, anterior horn cell loss
Neurons: TUNEL, Amy-33, AlF
Clia: PAE?}IAD\PN/XFFKCS' TUNEL, H & E: Corpora amylacea, anterior

’ c7 horn cell loss

Axons: Amy-33, CMAP
Neurons: TUNEL, Amy-33, AlIF

Glia: PARP, DNA-PKcs, TUNEL,
CMAP, AlF, Bcl-2

Axons: APP (Post Column), CMAP

Neurons: TUNEL, DNA-PKGcs,

7
_

H & E: Corpora amylacea,
haemorrhage and cystic change in
grey matter, anterior horn cell loss

Amy-33, AIF
Glia: PARP, DNA-PKcs, TUNEL,

CMAP, AIF H & E: Corpora amylacea, anterior
Axons: DNA-PKcs (Posterior), T1 horn cell loss

CMAP
Neurons: Amy-33, AIF
Glia: PARP, DNA-PKcs, TUNEL,

CMAP, AIF H & E: Corpora amylacea, anterior
Axons: Nil T2 horn cell loss
Neurons: TUNEL (Ant/Post Horns), Weil: Pallor posterior column

Amy-33, AIF
Glia: PARP, DNA-PKcs, TUNEL

) (_I\/Iax), CMAP, AIF H & E: Corpora amylacea

Axons: Nil T3 Weil: Pallor posterior column
Neurons: TUNEL (Ant/Post Horns), ' P

Amy-33, AIF
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Conclusion A 72 year-old man with intradural metastatic deposits from prostate carcinoma. The
presence of numerous vertebral metastases was confirmed on autopsy. Pathological examination of
the brain showed an old lobular infarction of the cerebellum but no acute abnormality. There was
development of compression myelopathy at the C2-C3 and C8 segments. Prostate carcinoma was
diagnosed 5 years prior to death however the duration of compression onto the spinal cord is not

known.

The histological changes on haematoxylin and eosin staining were overall quite mild but indicative
of some degree of cellular damage. Central chromatolysis of neurons was seen indicating damage
of the axon and myelin sheath likely due to tumour compression of the anterior nerve roots. Such
changes typically occur after 24-48 hours following injury and are thought either to represent an
attempt at increased protein production in response to injury or a back-up of cytoskeletal elements
normally found within the axon but which accumulate with disruption to axonal transport
(Mcllwain and Hoke, 2005). There were no neuronal changes suggestive of an ischaemic process.
There was pallor of the posterior columns on Weil staining below the site of compression which
was unusual given that the motor tracts are typically vulnerable to demyelination below the lesion.
This may suggest that there is further unrecognised pathology at lower levels. A focal region of
haemorrhage was present at C6 and C8. The increased cellularity surrounding this area indicated a

true pathological basis rather than artefact.

DNA-PKcs and PARP showed a subpial pattern of nuclear glial staining consistent with previous
cases. PARP immunopositive glia maintained the morphology of oligodendrocytes, suggesting a
potential predisposition of such cells either to injury and remodelling or indicative of the repair
following axonal damage and demyelination. TUNEL immunopositivity was maximal in the
central cord. This may represent an ongoing pattern of DNA damage and subsequent cell death

with remodelling in the peripheral white matter or more mildly affected regions.

There was no clear axonal immunopositivity using the marker APP, which suggests the
maintenance of axonal transport. A focal area of immunopositivity within small diameter axons
was seen at C4 using Amy-33 amyloid-beta antibody, marking one of the products of APP
proteolysis, amyloid-beta. However, both the DAKO and University of Melbourne antibodies to

amyloid beta were immunonegative and thus the true result is uncertain.
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CASE 11

Clinical summary A 73 year-old female cyclist involved in a motor vehicle accident. The spinal

cord was injured at C1-C2 segments with cord haemorrhage secondary to C2 vertebra fracture/
dislocation. Quadriplegia developed from spinal level C1. Patient died 5 hours following the initial

trauma.

Pathology — brain

1. Patchy subarachnoid haemorrhage only.
2. No histopathological evidence to suggest dementia.

Pathology — spine and spinal cord

1. Extensive haemorrhagic necrosis at levels C1-2 of the spinal cord.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination the proximal margin of the spinal cord
showed extensive disruption. Subdural haemorrhage extended from the proximal margin for a
distance of 20 mm. On sectioning there was extensive intraparenchymal haemorrhage extending

from the C2-C1 segments to the proximal margin (C1).

Very mild asymmetry of the cord is evident at segments C4 (N19) and C3 (N20). Eosinophilic
staining is seen in the grey matter at the level of compression in segments C1-2 at N22, N23 and to

a lesser extent section N24.

Microscopic findings Corpora amylacea are present. A gradual reduction in severity of
histopathological changes is noted for sections N22-24 at segment C1-2. Significant regions of
haemorrhage, severe vacuolation, and axonal swellings are seen throughout the cord at C1-2 (N24).
In addition there is reactive astrocytosis throughout the cord. There is a subtotal loss of anterior
horn cells at this level. At section N23 (C1-2) changes are less severe with vacuolation and axonal
swellings located towards the periphery. There is central haemorrhage, loss of AHCs and
occasional red cell change in preserved neurons. Foci of cellularity, likely polymorphonuclear cells
and lymphocytes, are found within the haemorrhagic area. At section N22 (C1-2) there is only mild
vacuolation of the subpial white matter, and occasional axonal swellings greatest in number in the
lateral cord unilaterally. On the opposite side of the cord there is haemorrhage within the grey
matter. There is loss of AHCs. At C2 (N21) there is a loss of AHCs and occasional vacuolation. At

C3 (N20) and C4 (N19) there are greater numbers of AHCs and occasional vacuolation.
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Weil There is mild macroscopic pallor of the posterior columns in segments C2-C4 (N21-N19)

however on microscopic examination this was found to be due to vacuolation not demyelination.

Immunohistochemical results

CASE 11 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas  Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
Cc1-2 + - + - - - - - + + +
c2 + - + - - - - - + + +
Cc3 - - - - - - - + + + +
Cc4 + - - - - - - + + + +

* Shaded rows represent the site of compression

APP Small regions of axonal immunopositivity were seen in the lateral corticospinal tract, and rare
staining in the posterior column and lateral spinothalamic tract, at C4 (N19). There were axons of
normal and, less commonly, enlarged diameter. C3 (N20) was immunonegative in axons. At C2
(N21) small foci were again seen in the lateral white matter and rarely immunopositive axons in
other regions. At C1-2 (N22) greater numbers of immunopositive axons were present in the lateral
and anterior corticospinal tracts and lateral spinothalamic tracts, particularly on one side. These
areas included small and less commonly swollen axons. A similar pattern of staining was seen in
sections N23 and N24 (C1-2) but involving many more axons, particularly at N23, and also the
posterior columns. There was dendritic immunopositivity in one neuron at C4 (N19).

Immunonegative in glia.

Active caspase-3 Immunopositivity was seen in small, spherical structures of the subpial white

matter at C1-2 (N23, N24) however this may be due to tissue disruption or background staining.

Immunonegative in axons and neurons.

DNA-PKcs Occasional glial cytoplasmic immunopositivity at C1-2 (N23, N24), C2 (N21) which
appears consistent with microglia or glial processes and rarely at C4 (N19), maximal staining in
section N24 (C1-2). Immunonegative in axons, equivocal staining in neurons at C2 (N21) and C4
(N19).

PARP Occasional glial nuclear immunopositivity using PARP at C1-2 (N24) particularly in the

anterior white matter. The morphology of these cells is consistent with oligodendrocytes. In section
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N23 (C1-2) there is similar glial staining but there profiles are homogenously dispersed throughout
the white matter. In section N22 (C1-2) there is a similar pattern however fewer glia are truly
immunopositive as the majority are equivocal staining. Many immunopositive glia, a morphology
consistent with oligodendrocytes, are seen throughout the white matter at C2, C3 and C4 (N19-
N21). Immunopositive neuronal nucleoli were rarely seen in the anterior horn at C2 and C3 (N19,

N20). Immunonegative in axons.

Bcl-2 Nuclear membrane immunopositivity was seen rarely at segments C3, C4 (N20-N21), section
N24 of C1-2, and more often at N22 (C1-2). At N23 (C1-2) greater numbers of these cells occur in
hypercellular areas of haemorrhage with lymphocytes. Immunonegative in neurons and axons.

Fas Immunonegative in glia, axons and neurons.

Caspase-9 Negative in glia, neurons and axons.

TUNEL Immunopositive glial nuclei are dispersed throughout the white matter at C4 (N19).
Immunopositive glia were seen at C3 (N20) maximal in the posterior columns. There were
immunopositive neuronal nuclei present in segment C4 (N19). Neurons were only rarely
immunopositive at C3 (N20), the majority were equivocal in staining. Immunopositive cells rarely

seen in section N23 (C1-2) of uncertain identity. All other segments immunonegative.
CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositive axonal profiles, small and large, in regions matching that

of APP staining were found in C4 (N19). These axons were greater in number than that seen using

the APP marker. In many neurons, especially AHCs, cytoplasmic immunopositivity was seen.

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIF Many immunopositive corpora amylacea are seen. Neuronal immunopositivity in the
cytoplasmic region was seen in all sections. In all segments there were immunopositive glia
throughout the white matter, with staining of the cytoplasm only. Immunopositivity was present in

scattered small and normal diameter axonal profiles within the white matter.

349



Timeline of clinical progression

Motor Vehicle
Accident

A

Death 5 hours
post-injury

4

A

Fracture dislocation C1-C2
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Spatial Distribution of Staining — Case 11

Case: 11
Amy-33

Levels:

a) At the site of compression
b) Two levels below site

2)

b)

Case: 11
APP

Levels:

a) At the site of compression
b) Two levels below site

b)

()
c4

g
A&
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Case: 11
Haematoxylin and eosin

Levels:

a) At the site of compression
b) Two levels below site

a)

b)

Case: 11
DNA-PKcs

Levels:

a) At the site of compression
b) Two levels below site

o
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Spatial Distribution of Staining — Case 11

Case: 11 Case: 11

PARP TUNEL

Levels: Levels:

a) At the site of compression - c2 a) At the site of compression - c2
b) Two levels below site - C4 b) Two levels below site - 4
a) a)

b) b)

&L
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Case: 11
AlF 1

Levels:

a) At the site of compression - cz
b) Twa levels below site - c4

a)

b)
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Summary of immunohistochemistry Case 11

Glia: DNA-PKcs (maximal), //// H&E: haemorrhage and
AIF, CMAP, PARP / hypercellularity, vacuolation,

Axons: APP (maximal), AIF, C1-2 % axonal swellings, AHC loss,
Amy-33, CMAP % gliosis, red cell change
Neurons: Amy-33, AlF //// Weil: pallor : vacuolation
% P
Glia: DNA-PKcs, AlF, //
CMAP, PARP % H&E: Occasional
c2 / vacuolation, loss of AHCs

Axons: APP, Amy-33, AlF,
/ Weil: pallor : vacuolation
A

CMAP
Neurons: Amy-33, AlF,
H&E: Vacuolation, loss of

PARP
Weil: pallor : vacuolation

Glia: TUNEL, AIF, CMAP,
PARP

Axons: Amy-33, AlF, CMAP

Neurons: TUNEL (rare),
AIF, Amy-33,
PARP

Glia: TUNEL, AIF, CMAP,
PARP

Axons: APP, Amy-33, AlF, H&E: Vacuolation, loss of
CMAP ca AHCs _

Neurons: APP (rare), Amy- Weil: pallor : vacuolation
33, TUNEL (max),
AlF

Conclusion Survival in this case of traumatic fracture / dislocation was only 5 hours. Quadriplegia
was suggestive of complete spinal cord injury. At the site of compression there were
histopathological changes consistent with significant spinal cord damage and these changes
lessened away from the site. Immunostaining using the APP antibody was accordingly maximal at
the site, suggesting significant primary axonal injury. DNA-PKcs staining was also maximal at the
site in keeping with DNA-damage. PARP glial staining was greatest in the anterior white matter at
C1-2 and this may represent areas of DNA-damage and early repair. TUNEL immunopositivity in
anterior horn cells and glia was found below the site of compression which may be explained by
injury to motor tracts above. There was no positive staining using the active caspase-3 or caspase-9
antibodies, suggesting either an absence of caspase-dependent apoptotic processes or unsuitable
time of survival for the occurrence of such processes. AIF was heterogeneously immunopositive at
the site and below and did not correlate with the severity of histopathological changes. CMAP

immunopositivity was heterogeneous and the specificity of this marker was questionable.
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CASE 12

Case Summary A 48 year old male with a fracture/dislocation of C5-C6 vertebrae following a car

rollover. He was quadriplegic at the C6 level. Haemorrhagic necrosis was found within spinal cord
segments C5-T2. He died 1 day after injury from traumatic spinal cord and column injuries and

cerebral oedema.

Pathology — brain

1. Recent infarction of right cerebellum and brain stem.
2. Traumatic right vertebral artery dissection.
3. Disruption of rostral brain stem by multiple secondary haemorrhages secondary to raised

intracranial pressure in posterior fossa.

Pathology — spine and spinal cord

1. Post reduction C5/6 fracture dislocation.
2. Traumatic cervical myelopathy — haemorrhagic necrosis C7 segment of spinal cord.

3. Respirator brain with sloughing of necrotic cerebellar tonsils.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was a recent fracture through the
intervertebral disc separating C5 and C6 vertebral bodies and extending obliquely downwards to
involve the antero-superior half of the C6 vertebral body. Only remnants of the intervertebral disc
and antero-superior half of C6 vertebral body were present. The posterior longitudinal ligaments
were ruptured. The spinal canal was normal and not obstructed. The ligaments and soft tissues

anterior to C5-6 were ruptured.

On opening the dural sac the spinal cord was found to be covered by fragments of necrotic
cerebellar tissue maximal around the cervical cord. A transverse indentation was present at C7
segmental level. The pia mater was intact. Sections of the spinal cord showed almost total
haemorrhagic necrosis of C7 segment with preservation only of a thin rim of peripheral subpial
white matter. A core of haemorrhagic necrotic tissue dissected upwards in the right dorsal white

matter column to C5 level and downwards to T2 level.

Tissue disruption is evident at C7 (N18). In section N19 (C7) the cord appears compressed into a

near boomerang shape. Haemorrhage is seen macroscopically in both sections. At C5, C6, T1 and
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T2 (N20, N21, N24, N25) there is an oval region of tissue disruption. Segments C3, C4 (N22, N23)
and T3, T4 (N26, N27) appear macroscopically normal.

Microscopic findings A core of haemorrhagic necrotic tissue is present in the right dorsal white
matter column descending down to T3 segmental level (N25) and ascending upwards to C5
segment (N21). Corpora amylacea are seen within the cord. At C7 (N18) there is severe necrosis
and haemorrhage throughout. Many polymorphs are seen. Fewer numbers of neurons than normal
are identifiable within the disrupted tissue. At section N19 of segment C7 the tissue is somewhat
more preserved despite areas of haemorrhage, inflammation and vacuolation. In addition, many
axonal swellings are found and there is a loss of anterior horn cells (AHCs). Most of the intrinsic

blood vessels are patent but occasional small vessels show fibrous plugs.

At C6 (N20) there are less severe changes; that of mild vacuolation and occasional axonal
swellings. The posterolateral white matter on one side is most affected. There is scattered
haemorrhage and minor loss of AHCs with occasional red cell change. At C5 (N21) there is
generalised vacuolation of the white matter and red cell change in neurons. At C4 (N22) there is
vacuolation towards the cord periphery but no other significant changes. At C3 (N23) there is again
mild peripheral vacuolation but in addition there are rare axonal swellings and AHC loss. AT T1
(N24) there is a generalised vacuolation of the white matter, loss of AHCs, red cell change and a
haemorrhagic region within the posterior column. At T2 (N25) the area of haemorrhage is smaller,
there is subtotal loss of AHCs on one side, prominent red cell change and vacuolation. At T3 (N26)
there is mild subpial vacuolation, loss of AHCs and red cell change. At T4 (N27) there is subtotal

AHCs loss bilaterally, red cell change and vacuolation.

Weil There was no pallor on Weil stain and no evidence of demyelination.
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Immunohistochemical results

CASE 12 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
Cc3 - + - + +
Cc4 - - + + - - - + - + +
Cc5 - - - + - - - - + + +
C6 - - + + - - - - - + +
Cc7 - - - + - - - - + + +
T1 - - + + - - - - + + +
T2 - - + + - - - + - + +
T3 - - + + - - - - - + +
T4 - - + + - - - + - + +

* Shaded rows represent the site of compression

APP Axonal immunopositivity was seen at segments C3, C4 and C6 in the region surrounding an
area of tissue necrosis (N19-23, N25). In these regions both small diameter axons and axonal
swellings were seen. At C7 (N18) immunoreactive axonal swellings were rarely seen in the subpial
region. There were immunopositive and occasional immunonegative axonal swellings. Equivocal

immunostaining was seen in one neuron at T4 (N27) otherwise immunonegative. Negative in glia.

Active caspase-3 Non-specific immunopositivity was seen in the neuropil at C3 (N23) and C7

(N19). Equivocal immunopositivity in axonal swellings at C6, C7 (N19, N20). Negative in

neurons.

DNA-PK(cs Rare glial nuclear immunopositivity is seen in the subpial region at C6 (N20). There is
occasional immunopositivity within axonal swellings and some equivocal staining of axonal
swellings. At C5 (N21) there is equivocal glial immunostaining. At C4 (N22) there is rare glial
nuclear immunopositivity in the white matter. C3 (N23), C8 (N19) and C7 (N18) are
immunonegative. At T1 (N24) there is rare glial nuclear immunopositivity subpially. At T2 (N25),
T3 (N26) and T4 (N27) there is rare glial nuclear immunopositivity in the white matter and
equivocal staining within the neuropil. In addition at T4 (N27) there is equivocal staining within

axonal swellings.
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PARP Immunopositive glial nuclei were homogeneously spread throughout the cord in all
segments. In addition there was cytoplasmic staining of unidentified cells which were consistent
with macrophages in the white matter. The morphology was suggestive of oligodendrocytes.
Immunopositive neuronal nucleoli were seen in the anterior and posterior horn at C6, C4 (N20,

N22). Negative in axons.
Bcl-2 Negative in glia, neurons and axons.

Eas Equivocal immunopositivity in axonal swellings at C7, C6 (N19, N20). Negative in glia,

neurons.

Caspase-9 Negative in glia, neurons and axons.

TUNEL Neuronal nuclear immunopositivity using TUNEL was rarely present in segments C4
(N22), T2 (N25) and T4 (N27). Negative in axons.

CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Neuronal cytoplasmic immunoreactivity was seen at C5 (N21). At C7

(N19) there is immunopositivity in normal and enlarged axons throughout the white matter in the
regions also immunopositive for APP, interspersed with immunonegative axonal swellings. Axonal
immunoreactivity was also seen in this segment in the posterior white matter unilaterally. At T1

(N24) there was neuronal immunopositivity on both sides.

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIF Above the site of compression at C3 (N23) immunopositive glia are occasionally found in all
areas of the white matter. Neuronal cytoplasmic immunopositivity is found bilaterally. At C4
immunopositive glia are occasionally found within the white matter. Occasional neuronal
cytoplasmic staining is found bilaterally. (N22) At C5 (N21) occasional immunopositive glia are
present in the subpial region. Neuronal cytoplasmic staining is found bilaterally but greater
numbers are present on one side. At C6 (N20) there is glial immunoreactivity throughout the white

matter and neuronal immunoreactivity bilaterally. Staining was cytoplasmic. In the lateral white
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matter foci of axonal swellings are seen and a proportion of medium to large axonal swellings are
immunopositive for AIF. In section N18 of C7 there are regions of immunopositivity consistent
with granular staining in dendritic processes but no distinct cellular profiles. In section N19 of
segment C7 immunopositive axonal profiles are present throughout the white matter. There profiles
range in size from normal sized axons to large axonal swellings. There is a subpopulation of
negative axonal swellings. Occasional glial immunopositivity is seen in the glial cytoplasm. At T1
(N24) a similar pattern to C5 is seen where occasional immunopositive glia are present in the
subpial region. Neuronal cytoplasmic staining is found bilaterally but greater numbers are present
on one side. Immunopositive spheroids with a morphology consistent with corpora amylacea are
seen. At T2 (N25) glial immunoreactivity is present in all regions except the deep white matter.
Neurons and axons were immunonegative in this section. At T3 (N26) glial immunostaining is
seen, greatest in number in the subpial region and excluding the deep white matter. Neuronal
immunopositivity is found on both sides. At T4 (N27) immunopositive glia were occasionally seen

in the subpial region otherwise the section was negative.

Timeline of clinical progression

July 1983 July 1983

Motor vehicle accident. Death 1 day following
Fracture/dislocation C5- injury.

6. Quadriplegia at C6

level.
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Spatial Distribution of Staining — Case 12

Case: 12
Amy-33

Levels:
a) Two levels above site - C5

b) At the site of compression - Cc7
c) Two levels below site - T1

b)

Case: 12
APP

Levels:
a) Two levels above site - Cs

b) At the site of compression - c7
¢) Two levels below site - Tl

Case: 12

Haematoxylin and eosin

Levels:
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Spatial Distribution of Staining — Case 12

Case: 12 Case: 12

PARP TUNEL

Levels: Levels:

a) Two levels above site - cs a) Two levels above site ) - cs
b) At the site of compression - 7 b) At the site of compression - c7
¢) Two levels below site - Tl ) Two levels below site - Tl
a) a)

%)

b) b)
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Case: 12
AIF 1

Levels:
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©) Two levels below site - Tl
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Summary of immunohistochemistry Case 12

Glia: PARP, AIF, CMAP

Neurons: Nil

W

Axons: CMAP C3 H&E: vacuolation, rarely axonal
Neurons: AlF swellings, loss AHCs
Glia: DNA-PKcs (rare), PARP, AlF,
CMAP .
H&E: I
Axons: CMAP C4 &E: vacuolation
Neurons: PARP, TUNEL (rare), AlIF
Glia: PARP, AlF, CMAP
Axons: Amy-33, CMAP c5 H&E: vacuolation and red cell change
Neurons: AlF, Amy-33
Glia: DNA-PKcs (rare), PARP, AlF, . .
CMAP (rare) H&E: mild vacuolation, haemorrhage,
Axons: DNA-PKcs, AIF, CMAP co axonal S"Vle"'ggs'"'osrf AHCs,
Neurons: PARP, AIF occasional red cell change
Glia: PARP, AlF, CMAP .
. M H&E: Compression, haemorrhage,
Axons: AlIF, CMAP c7 .
polymorphs. Necrosis, loss AHCs,

axonal swellings

Glia: DNA-PKcs, PARP, AlF
Axons: CMAP
Neurons: AlF, Amy-33

T1

H&E: vacuolation, loss AHCs, red
cell change, haemorrhage

Glia: DNA-PKGcs (rare), PARP, AlF,
CMAP

Axons: CMAP

Neurons: TUNEL (rare), AlF

T2

H&E: vacuolation, loss AHCs, red
cell change, minor haemorrhage

Glia: DNA-PKcs (rare), PARP, AlF,
CMAP

Axons: CMAP

Neurons: AlF

T3

H&E: mild vacuolation

Glia: DNA-PKcs (rare), PARP, AlF,
CMAP

Axons: CMAP

Neurons: TUNEL (rare)

T4

H&E: vacuolation, loss AHCs, red
cell change

Conclusion Severe haemorrhagic necrosis was present at the site of injury in similarity with other

acute cases. There was no APP immunostaining in axons at the site of compression and this may

represent a complete blockage of axonal transport. Furthermore, TUNEL staining was minimal

towards the compression level and this may be due to the loss of neuronal and glial cells.
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CASE 13

Clinical summary A 30 year-old man with past medical history of concussion following a head

injury associated with an episode of loss of consciousness. There were no other known medical
conditions, and no medications. He was involved in a motor vehicle accident - a single vehicle roll-
over in which he was the driver. On review he was unconscious with a Glasgow coma score of
6/15. He was intubated at the scene and retrieved to the hospital. Episodes of bradycardia,
hypotension and pulmonary oedema occurred during retrieval. Investigations performed included a
CT head which revealed a traumatic subarachnoid haemorrhage, a cervical spine x-ray which
revealed a step in the C4/C5 region and a CT chest which showed a left lung contusion and
pulmonary oedema. Normal investigations included a CT abdomen / pelvis, CT of cervical spine of
C7/T1, pelvic x-rays and lumbosacral spine x-rays. The patient’s condition deteriorated over days
with increasing intracranial pressure. A ventricular tachycardia / ventricular fibrillation arrest

occurred resulting in death.

Cause of death

1. Closed head injury as a result of motor vehicle accident.
Other significant pathological findings:

2. Cervical spine fracture — C4/C5.

3. Pulmonary oedema and haemorrhage.

4. Sepsis.

Pathology — brain

1. Widespread subarachnoid haemorrhage.
2. Recent traumatic right basal ganglionic haemorrhage and adjacent ischaemic necrosis in
disrupted perforator territory.

3. Scattered small petechial haemorrhages within the right central white matter.

Pathology — spine and spinal cord

1. Cervical spine fracture at level C4/C5 with C5/C6 segment affected.

Haematoxylin and Eosin

Macroscopic findings Haemorrhage in the region of the grey matter is suggested in segments C3,
C4, C6 (N2, N3, N5) and especially at C5-6 (N9, N11). There is mild asymmetry at C6 (N5). At
C5-6 (N11) the cord appears mildly compressed.
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Microscopic findings At segment C3 (N2) there is generalised congestion of blood vessels, mild
vacuolation, a loss of anterior horn cells (AHCs) and red cell change. In addition, there is a small
focus of axonal swellings and polymorphs in the posterior column. At C4 (N3) the grey matter
appears compressed. There is a region of haemorrhage and hypercellularity in the grey matter with
rare axonal swellings. Red cell change is rarely present. The degree of congestion is lessened. At
C5 (N4) there is a large region of haemorrhage within one side of the grey matter, AHC loss and
central chromatolysis. The grey matter appears compressed. There is a focus of axonal swellings in
both deep posterior columns. At C6 (N5) there is central chromatolysis, compression of the grey
matter and AHC loss. At C5-6 (N9, 11) there is severe haemorrhage throughout and axonal
swellings with cystic change. At C7 (N6) there is central chromatolysis, red cell change and loss of
AHCs. Mild vacuolation of the subpial region is present. At C8 (N7) there is a loss of AHCs, a

generalised loss of glia particularly in the subpial region and mild subpial vacuolation.

Weil At C5-6 (N9) there is distinct pallor of the cord. On microscopic analysis this appears to be
due to many axonal swellings within the white matter, a proportion of which have an absence of
Weil positivity around the rim suggestive of demyelination. There is no apparent Wallerian

degeneration.

Immunohistochemical results

CASE 13 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs

c3 - - + + - - - - + + +
ca + - - + - - - - + + +
c5 + + + + - - + + +
C6 + + + + - - + + +
c7 + - - + - - - - + + +
cs - - - + - - - + + + +

* Shaded rows represent the site of compression

APP Axonal immunopositivity was seen in all segments except C8 (N7) and in C3 (N2) where
there was equivocal staining. Axonal immunoreactivity was macroscopically visible at C6 (N5) and
C5-6 (N9, N11). Positive normal and swollen axons were present as foci in the subpial region at C4
(N3). Axonal immunopositive swellings were also seen in the lateral subpial region on one side and

in the deep posterior columns at C6 (N5). These axons were larger in diameter than at C4.
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Occasional immunonegative axonal swellings were also noted. At C7 (N6) immunopositivity was
only seen in the lateral subpial area on one side in mildly enlarged axons. Equivocal glial
cytoplasmic staining was present in small numbers of glia. Equivocal staining was occasionally

found in AHC nuclei and cytoplasm.

Active caspase-3 Non-specific immunopositivity was seen within the neuropil particularly in the

subpial region. Immunopositive within axonal swellings at C5-6 (N9). Negative in neurons.

DNA-PKcs Segments C5-6 (N11) was immunonegative for glia. In section N9 of segment C5-6, at
C6 (N5) and C3 (N2) there was widespread glial nuclear staining however the majority of
immunopositive cells were polymorphic in profile. At C8 (N7) C7 (N6) and C4 (N3) there was

equivocal glial immunopositivity. Negative within axons and neurons.

PARP Immunopositive glia were rarely present at C8 (N7). At C5-6 (N9) there was glial staining
in the anterolateral cord. Immunopositive glial nuclei were dispersed throughout the white matter at
segments C3, C4, C6 and C7 (N2, N3, N5, N6) maximal at C3-4. Negative within axons and
neurons.

Bcl-2 Negative within glia, axons and neurons.

Fas Negative within glia and neurons. Equivocal staining within axonal swellings.

Caspase-9 Immunonegative within glia, neurons. Equivocal staining within axonal swellings.

TUNEL Immunopositive glial profiles were very rarely seen at C8 (N7), essentially negative.

Negative within neurons, axons.
CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositive axonal profiles, small and large, in regions matching that

of APP staining were present. These axons were greater in number than that seen using the APP
marker. Segment C8 (N7) is immunonegative for axons. Foci of axonal immunopositivity were
seen in the subpial regions and deep posterior columns at segment (N11). At C5-6 (N9) positive
axonal swellings extend throughout the entire posterolateral white matter, subpial anterior white

matter and anterior corticospinal tract. At C7 (N6) there is a single focus of axonal
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immunopositivity in the lateral subpial region on one side. These axons are mildly enlarged.
Occasional small positive axonal profiles are seen scattered throughout the rest of the white matter.
At C6 (N5) many normal diameter immunopositive axons are spread throughout the white matter,
greater in number in the subpial area, as well as three large foci of axonal swellings: one in the
lateral white matter; and two in the each of the deep posterior columns. There is associated
vacuolation of tissue. At C4 (N3) similar changes are present but in fewer axons. At C3 (N2) there
is a single focus of axonal swellings in the gracile fasciculus on one side with vacuolation. There
was cytoplasmic immunopositivity of neurons at C3, C4, C5-6, C6, C7, C8 and T3 (N2, N3, N5,
N6, N7, N11). In addition, many glia showed cytoplasmic immunopositivity using Amy-33
amyloid-beta antibody at C3, C4, C6, C7, C8 and T3 (N2, N3, N5, N6, N7, N11).

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIF Glial cytoplasmic immunoreactivity is seen throughout the white matter at C3 (N2). Two
neurons in one anterior horn and five on the other are immunopositive for AIF within the
cytoplasm. At C4 (N3) glial cytoplasmic staining is seen in all areas of white matter. Neuronal
cytoplasmic immunopositivity is present on both sides. There is no axonal immunostaining. At the
site of compression in section N19 of segment C5-6 there is no glial or neuronal immunopositivity.
Focal collections of immunopositive axonal swellings are seen in posterolateral white matter on
both sides and in the anterior white matter unilaterally. These cellular profiles are the diameter of
medium to large axonal swellings and may represent axonal retraction bulbs. However, in section
N10 of segment C5-6 there is immunostaining within small or normal sized axons. Axonal
immunopositivity is found throughout the white matter. In addition there is glial immunopositivity
in the posterolateral white matter. There is a subpopulation of negative axonal swellings dispersed
between those that are positive. In section N11 of C5-6 there is glial cytoplasmic immunoreactivity
in all regions of the white matter. Axonal immunopositivity is seen in medium to large sized axons
in the anterolateral white matter. There is no neuronal staining for AIF. At C6 (N5) glial
cytoplasmic staining is seen in all areas of white matter. Neuronal cytoplasmic immunopositivity is
present on both sides. Axonal immunopositivity in medium sized axonal swellings is occasionally
seen in one lateral corticospinal tract. At C7 (N6) glial cytoplasmic staining is seen in all areas of
white matter. Neuronal cytoplasmic immunopositivity is present on both sides. There is no axonal
immunostaining. At C8 (N7) there are occasional glial immunopositive profiles and neuronal
cytoplasmic immunopositivity bilaterally. At T1 (N8) glial cytoplasmic staining is seen in all areas
of white matter. Neuronal cytoplasmic immunopositivity is present on both sides. There is no

axonal immunostaining.
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Timeline of clinical progression

Motor
vehicle

accident

A

Death 4 days
after motor
vehicle accident

A

GCS 6/15. Intubation.
Episodes of hypotension,
bradycardia, pulmonary
oedema

Diagnosed
subarachnoid
haemorrhage, C4/C5
fracture

Progressive
deterioration
until death
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Spatial Distribution of Staining — Case 13

Case: 13 Case: 13

Amy-33 Haematoxylin and eosin

Levels: Levels:

a) Two levels above site - 3 a) Two levels above site - [ex}
b) At the site of compression - C5-6 b) At the site of compression - C5-6
c) Two levels below site - C8 ¢) Two levels below site - (&3

a)

b)

<)

Case: 13 Case: 13

APP DNA-PKcs

Levels: Levels:

a) Two levels above site - c3 a) Two levels above site - c3
b) At the site of compression - C5-6 b) At the site of compression - C5-6
¢) Two levels below site - Cc8 ¢) Two levels below site - (e}
a) a)

b) b)

) )
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Spatial Distribution of Staining — Case 13

Case: 13 Case: 13

PARP TUNEL

Levels: Levels:

a) Two levels above site - c3 a) Two levels ahove site Cc3
b) At the site of compression - C5-6 b) At the site of compression C5-6
¢) Two levels below site - Cc8 ¢) Two levels below site c8
a) a)

b) b}

c) c)

Case: 13

AlF 1

Levels:

a) Two levels above site - C3

b) At the site of compression - C5-6

) Two levels below site - Cg

a)

b)

<)
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Summary of immunohistochemistry Case 13

Glia: DNA-PKcs, PARP, Amy-33,
AIF, CMAP

Axons: Amy-33, CMAP

Neurons: Amy-33, AlF

H&E: Congestion, vacuolation,
AHC loss, red cell change, axonal

C3 .

swellings, polymorphs (rare)

Weil: no evidence demyelination

Glia: PARP, Amy-33, AlF, CMAP
Axons: APP, Amy-33, CMAP
Neurons: Amy-33, AlF

H&E: Compression grey matter,
ca haemorrhage_, hypercellularity,
axonal swellings (rare), red cell
change (rare), congestion (mild)

Glia: DNA-PKcs, PARP, AIF, W H&E: Compression grey matter,
CMAP haemorrhage, AHC loss, central

Axons: APP (max), CMAP, AIF, ;,»’ C5 chromatolysis, axonal swellings
Amy-33 (max), caspase-3 f// Weil: demyelination surrounding

Neurons: Amy-33, AlF ///// axonal swellings

Glia: DNA-PKcs, PARP, Amy-33, ﬁ H&E: Central chomatolysis,
AlIF, CMAP //f haemorrhage within grey matter,

Axons: APP (max), CMAP, AlF, c6 ff« AHC loss, haemorrhage, axonal
Amy-33 (max), caspase-3 o swellings, cystic change

Neurons: Amy-33, AlF / Weil: demyelination surrounding
/ axonal swellings

Glia: PARP, Amy-33, AlIF, CMAP

Axons: APP, Amy-33, CMAP c7 H&E: Central chromatolysis, red
Neurons: Amy-33, AlF cell change, vacuolation, loss
AHCs

Glia: PARP (rare), TUNEL (rare),

Amy-33, AlIF, CMAP c8 H&E: AHC loss, mild vacuolation
Axons: CMAP subpially

Neurons: Amy-33, AlF

Conclusion Survival post-injury was short at 88 hours. Histopathological changes at the site of
compression were severe with haemorrhagic necrosis, loss of anterior horn cells and axonal injury
suggested by axonal swellings and supported by APP antibody reactivity maximal at the site of
compression. APP immunopositivity also extended above and below the site indicating widespread
axonal injury. PARP and DNA-PKcs immunopositive glia were found at the site suggesting DNA-
damage however there was minimal TUNEL immunopositivity, perhaps due to insufficient injury
time for the breakdown of DNA into 100-150 base pair segments. Caspase-3 antibody reactivity
occurred in axonal swellings at the site of compression and this may be due to the accumulation of
intracellular protein with disrupted axonal transport. At segment C5-6 (N9), the most severely
affected level, there was no immunopositivity within neurons for Amy-33 amyloid beta however
this may be attributed to the extent of tissue disruption and loss of cells. Furthermore, glia were

negative at this level. AIF and CMAP staining was heterogeneous and in many cell types.
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CASE 14

Clinical summary A 67 year-old male injured in a car roll-over accident resulting in fracture/

dislocation of T7-T8 vertebrae. Haemorrhagic necrosis was found in spinal cord segments T6-T9.

Paraplegia was present at the T6 spinal level. He died 6 days following injury.

Pathology — brain

1. Traumatic subarachnoid haemorrhage over the posterior half of the brain.

2. Scattered petechial haemorrhages of the corpus callosum and right dorsolateral brainstem.
3. Minimal bilateral gliding contusions.
4

Possible patchy ischaemic damage of cerebral cortex and central grey matter.

Pathology — spine and spinal cord

1. Central haemorrhagic necrosis of T6-7 spinal cord.
2. Traumatic haemorrhagic necrosis of T6-7 spinal cord.

3. Diffuse axonal injury.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was a complete transverse fracture of
the odontoid process with the overlying ligaments being intact. There was no evidence of
encroachment on the spinal canal. A fracture was present through the inter-vertebral disc separating
C6 and C7 vertebral bodies with rupture of the anterior ligaments but no associated soft tissue
haemorrhage. The spinal canal was not compressed by this lesion and the posterior ligaments were
intact. There was a complex compression fracture involving T7 and T8 vertebral bodies with
disruption of the intervertebral disc and a vertical fracture through the T7 vertebral body such that
the anterior part of the vertebra was separate from the rest of the body. The T8 vertebra was
compressed anteriorly with a fracture separating the anterior part of the body from the remainder of
the vertebra apart from its attachment to the anterior ligaments. There was severe compression of

the spinal canal at this level. The remainder of the vertebral column was macroscopically intact.

The dura mater was intact. On opening the dura mater the spinal cord was swollen and slightly
discoloured at T6-7 segments. The overlying pia mater was intact. The anterior spinal artery was
intact. Segmental sections through the level of cord compression at T6-7 showed recent
haemorrhagic necrosis affecting the central part of the cord with only a thin rim of peripheral intact
white matter, the white matter being better preserved on the left side of the cord. At the T5 level the

necrotic tissue was only present as a central core (2 mm) at the base of the posterior columns. The
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T4 segment was normal. Segmental sections of the cord above this level were normal apart from
some irregular congestion of the central grey matter at the T2 level. The T8 spinal cord showed a

small central core of necrotic tissue but the levels below this were macroscopically normal.

The cord appears narrow in diameter at T10 (N27). Necrosis is evident at T6, T7 and T10 (N25, 27,
28, 41, 42, 43, 44, 46). At segments N29 and N47 there is a cord of abnormal tissue which appears

to be herniated spinal cord. The cord appears rounded or oval within normal limits.

Microscopic findings A core of herniated necrotic tissue was present. Corpora amylacea are seen
within the cord. At N25 (T8) there are foci of axonal swellings in the white matter. Polymorphs are
present in the tissue away from the haemorrhage and there is severe cystic necrosis. There is a loss
of anterior horn cells with central chromatolysis. Occasional small areas of haemorrhage are seen.
At T10 (N27) there is vacuolation and central chromatolysis. At T6 (N28) and T7 (N41-N43)
haemorrhagic necrosis was evident. There were macrophages and polymorphic cells seen with
subtotal destruction of the cord. In preserved regions there is vacuolation and axonal swellings. No
neurons were present except in section N44 of segment T7 where there was central chromatolysis
of neurons. In section N45 of segment T6 there was relative preservation of the white matter. Foci
of axonal swellings were seen in the anterior and lateral corticospinal tracts. There was vacuolation
of the peripheral white matter and loss of AHCs with central chromatolysis. At section N46 of T6
there were areas of axonal swellings and vacuolation. A loss of AHCs and central chromatolysis
was noted. Rarely, polymorphs were seen to invade the tissues. There were small pockets of
haemorrhage. At T5 (N29) there is a rare vacuolation subpially and mild AHC loss. In section N47
of T5 there is central chromatolysis. At T4 (N30) and T3 (N31) there is subpial vacuolation and

AHC loss. In addition there is central chromatolysis at T3.

Weil There was no pallor on Weil staining and no evidence of a demyelinative process or

Wallerian degeneration.
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Immunohistochemical results

CASE 14 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
T3 - - + + - +
T4 - - + + + + - +
T5 + - + + - - - + + - +
T6 + - + + + - - + + - +
T7 + - + + - - - + + - +
T8 + - + + - + - + + - +
T10 - - + + - - - + + - +

* Shaded rows represent the site of compression

APP Macroscopically visible immunopositive axonal swellings were seen in sections T5-T8 in
posterior, lateral and anterior regions of the cord (N25, N44-47) and in the lateral column of section
N43 (T7). At T7 (N43) there were also smaller areas of APP reactive axonal swellings. At T5
(N29) two small regions of immunopositive axons of normal diameter and equivocal
immunopositivity were found in the lateral subpial area. T7 (N41, 42) and T6 (N28) also contained
foci of immunopositivity within axons. Axonal immunoreactivity was rarely present at T10 (N27).
T3 and T4 (N31, 30) were negative for APP.

Active caspase-3 Equivocal staining within cytoplasm of polymorphic cells and axonal swellings.

This axonal staining was strongest at T8 (N25). Negative in neurons.

DNA-PKcs Immunopositive axonal swellings at T7 (N42, 44) and T8 (N25). Immunopositive glial
nuclei are rarely present at segments T6 (N28), T4 (N30), and T8 (N25). Immunonegative for glia
at T3 (N31). Immunopositive glial nuclei are found occasionally in the white matter at segment
T10 (N27), T6 (N45, 46) and T5 (N29, 47) and are maximal at T5-T6. Glial immunopositivity is
occasionally seen at T7 however there is a large degree of tissue disruption. Neuronal nuclear
staining is visible at T5 and T7 (N44, N47). Neuronal cytoplasmic immunoreactivity is present
unilaterally at T10 (N27). At T6 (N28) occasional immunopositive cells are seen with a

morphology suggestive of phagocytes.
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PARP Immunopositive glial nuclei with morphology consistent with oligodendrocytes are seen
throughout the preserved cord in all segments. Negative in axons. Nuclear neuronal staining was

seen in both anterior horns at T6 (N45).

Bcl-2 Immunonegative in glia. Equivocal staining within axonal swellings. One immunopositive

neuronal nucleus was seen at T6 (N45).

Fas Equivocal staining was found in axonal swellings of the anterolateral subpial region of T8
(N25). Elsewhere, equivocal staining was seen at T6, T7 (N41-46) and T3 (N31). Negative in glia,
neurons.

Caspase-9 Equivocal staining within axonal swellings. Negative in neurons and glia.

TUNEL Occasional glial nuclear immunopositivity was seen in all segments except T6 (N28)

which showed non-specific staining. Neuronal nuclear staining was seen at T5 (N29).
CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositive axonal profiles, small and large, in regions matching that

of APP staining and in addition at T10 (N27) and T6 (N27) in normal size axons. A very large
number of normal size axons were immunoreactive perhaps indicating the high severity of injury.
These axons were greater in number than that seen using the APP marker and the areas involved
included some immunonegative axons. In many neurons, especially AHCs, cytoplasmic
immunopositivity was seen. At T4 (N30) there was neuronal cytoplasmic staining and

immunopositivity in axons of normal diameter.

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIF At T3 (N31) there is glial cytoplasmic staining throughout the white matter and equivocal
immunostaining within neurons, but no axonal immunopositivity. At T4 (N30) glial cytoplasmic
immunopositivity was present throughout the white matter. Neuronal immunopositivity was found
in 3 anterior horn cells bilaterally. At T5 (N29) there is glial cytoplasmic staining throughout the

white matter and neuronal immunopositivity bilaterally. In section N28 of segment T6
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immunopositive glia are seen dispersed throughout the white matter in the regions unaffected by
tissue necrosis. There were no immunopositive neurons seen at this level. Axonal immunopositivity
was occasionally present unilaterally in the preserved anterior white matter. In section N46 of
segment T6 axonal immunopositivity was present in all regions of white matter, greatest in the
lateral corticospinal tract and gracile fasciculi. Glial cytoplasmic staining is seen throughout the
white matter and neuronal immunopositivity in all regions of grey matter. In section N41 of
segment T7 there is subtotal tissue necrosis but axonal and glial cytoplasmic immunopositivity in
preserved subpial regions. At T7 (N47) glial cytoplasmic staining is present throughout the white
matter and neuronal cytoplasmic staining throughout the grey. There was no axonal
immunopositivity at this level. In section N42 of segment T7 many immunopositive axonal
swellings are present in the preserved anterior white matter and fewer immunonegative axonal
swellings. Occasional glial cytoplasmic staining is also seen. In section N44 of segment T7 axonal
immunopositivity is present throughout the lateral and anterior white matter, focally within the
lateral corticospinal and lateral spinothalamic tracts bilaterally, and anterior corticospinal tract
unilaterally. Staining is present in axonal swellings and axons of normal diametre. Neuronal
immunopositivity is seen in all regions of the grey matter. Glial cytoplasmic staining is also present
in the anterolateral white matter and deep posterior columns. The same pattern of staining is
present at T8 (N25) but axonal immunopositivity is maximal at this level. At T10 (N27)

immunopositive glia and greater than 10 immunopositive neurons were seen bilaterally.

Timeline of clinical progression

November November
1985 1985

A A
Motor vehicle accident. Paraplegia T6 level Death 6 days post-injury
Fracture/dislocation T7-
T8
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Spatial Distribution of Staining — Case 14

Case: 14
Amy-33

Sections:
a) Two levels above site

b) At the site of compression
) Three levels below site

a)

b)

Case: 14
APP

Sections:
2) Two levels above site

b) At the site of compression
©) Three levels below site

T4

T10

Case: 14
Haematoxylin and eosin

Sections:

a) Two levels above site - T4
b) At the site of compression - T6
¢) Three levels below site - T10

Case: 14
DNA-PKcs

Sections:
a) Two levels above site - T4

b) At the site of compression - T6
¢) Three levels below site - TIO

375



Spatial Distribution of Staining — Case 14

Case: 14 Case: 14

PARP TUNEL

Sections: Sections:

a) Two levels above site - T4 a) Two levels above site - T4
b) At the site of compression - T6 b) At the site of compression - T6
¢) Three levels below site - Tio ¢) Three levels below site - T10

a)

b)

Case: 14
AlF 1

Sections:
a) Two levels above site - T4

b) At the site of compression - T6
) Three levels below site - Tio

€)
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Summary of immunohistochemistry Case 14

Glia: PARP, TUNEL, AIF, CMAP
Axons: CMAP

H&E: Subpial vacuolation, AHC

i T3
Neurons: AlF loss, central chromatolysis
Glia: DNA-PKGcs (rare), PARP,
TUNEL, AIF, CMAP . .
' : H&E: Subpial vacuolation, AHC
Axons; CMAP T4 e P YacHoT
Neurons: AlF
Glia: DNA-PKcs, PARP, TUNEL,
AIF, CMAP . . .
’ H&E: Subpial lation, mild
Axons: APP (max), Amy-33, CMAP T5 ubpial vacuiofation,

Neurons: DNA-PKcs, AlIF

Glia: DNA-PKcs, PARP, TUNEL,
AIF, CMAP

Axons: APP (max), Amy-33, DNA-
PKcs, AlIF, CMAP

Neurons: PARP, Bcl-2 (rare), AlF

AHC loss, central chromatolysis

Glia: DNA-PKcs, PARP, TUNEL,
AlIF, CMAP

Axons: APP (max), DNA-PKcs,
Amy-33, AlF, CMAP

Neurons: DNA-PKcs, AlF

H&E: Axonal swellings,
vacuolation, polymorhic infiltrate,
macrophages, haemorrhagic
necrosis, loss AHCs

Glia: DNA-PKcs (rare), PARP,
TUNEL, AIF, CMAP

-
a

»

H&E: Axonal swellings,
vacuolation, polymorhic infiltrate,
macrophages, haemorrhagic
necrosis, loss AHCs, central
chromatoysis

H&E: Axonal swellings, polymorhic

Axons: APP (max), DNA-PKcs, T8 infiltrate, haemorrhagic necrosis,
Fas, Amy-33, AlF, CMAP loss AHCs, central chromatoysis
Neurons: AlF
Glia: DNA-PKcs, PARP, TUNEL,
AIF, CMAP T10 H&E: Vacuolation, central

Axons: Amy-33, CMAP
Neurons: DNA-PKcs, AlF

chromatolysis

Conclusion In variation to other cases, PARP immunopositivity was observed within neuronal
nuclei instead of nucleoli at T6 (N45). Furthermore, at this level there was the only neuronal
immunopositivity to the Bcl-2 marker within neuronal nuclei in the study. DNA-PKcs neuronal
nuclear immunoreactivity was also a feature. These findings may therefore represent an immediate
response by the cell to cytotoxic stressors with activation of Bcl-2 and potential DNA repair by the
PARP enzyme and DNA-PKcs. It may indicate the occurrence of an apoptotic process of cell death
whereby neuronal loss is the eventual outcome. PARP glial immunopositivity was frequently seen

within cells resembling oligodendrocytes. AIF immunopositivity was present in glia and neurons of

all segments. Axonal immunopositivity was also observed at T6, T7 and maximally at T8.
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CASE 15

Clinical summary A 26 year-old male with a fracture/dislocation of T5-T6 vertebrae after falling

from his motorbike. He was paraplegic at T5 spinal level. Haemorrhagic necrosis was found within
spinal cord segments T3-T10. Patient died 18 days after injury from acute respiratory distress

syndrome.

Pathology — brain

1. Scattered petechial haemorrhages in the central white matter of the cerebral hemispheres.

2. Microinfarction consistent with cerebral fat embolism.

Pathology — spine and spinal cord

1. Fracture dislocation of T5, T6 vertebral column.

2. Haemorrhagic necrosis of T6, T7 spinal cord with ascending herniation of necrotic tissue.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was an area of haemorrhagic necrosis
present at the T7 segmental level with focal circumferential atrophy. The adjacent cord segments
were swollen up to the T5 level and down to the T8/9 level. The cord was segmentally sectioned.
There was haemorrhagic necrosis at the T7 level extending rostrally to T6. From T5 to T2 there
was a central cord of necrosis in the base of the posterior white matter columns. The upper thoracic
cord and cervical cord were normal. Both thoracic and lumbar sacral cords were macroscopically
normal. Examination of the hemisected vertebral column revealed complete fracture dislocation of
T5, T6 through the intervertebral disc.

There is asymmetry and distortion of the cord at T7 (N42, 43) more marked in section N42. The
cord appears flattened at section N44 of T7. At T5 (N52) and T9 (N55) small areas of cystic
cavitation are evident, increasing to involve the entire posterolateral cord on one side at section T8
(N54). There is pallor of the cord at T6 (N53) which may indicate generalised necrosis. At T4
(N50) and T3 (N51) there is a rounded area of pale tissue likely to be a herniation of necrotic

tissue.

Microscopic findings At T7 (N42) there is generalised necrosis with small areas of haemorrhage.
Macrophages and polymorphs are present in the remaining tissue. There is a complete loss of
neurons. Similar changes are present in section N43 and N44 of T7 and T6 (N53) but more severe

in nature with subtotal cystic necrosis. There is a loss of glia in preserved anterior and
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posterolateral white matter. At C8 (N46) there is loss of AHCs, subtotal on one side and more
minor loss on the other. There is mild vacuolation of the gracile fasciculus but no other changes. At
T1 (N45) there is mild subpial vacuolation laterally with rare axonal swellings and AHC loss. At
segment T2 (N49) there is AHC loss and central chromatolysis of lateral horn neurons. At T4
(N50) there is a subtotal loss of AHCs with central chromatolysis of anterior and lateral neurons.
There are regions of vacuolation in the anterolateral subpial white matter with foci of axonal
swellings. In addition, the deep posterior columns show severe cystic cavitation and macrophages.
Occasional axonal swellings line this area. At T3 (N51) there is subtotal AHC loss with central
chromatolysis of lateral neurons. Two small areas of vacuolation and axonal swellings are present
in the lateral subpial white matter. There is a large cavity occupying the deep posterior columns
and necrotic tissue. At N52 (T5) there is a subtotal loss of AHCs with central chromatolysis of
anterior and lateral neurons. Severe cystic necrosis of the anterior, lateral and posterior white
matter is seen extending from the subpial region inwards. In addition there is cystic involvement of
the entire cuneate fasciculus bilaterally. Axonal swellings are present and macrophages are seen in
the most severely affected regions. Similar changes are present at T8 (N54) however there is
additional involvement of almost the entire posterolateral white matter on one side. At T9 (N55)
the changes are the same as found in section N52. At T10 (N56) similar changes are again seen
however there is relative preservation of one cuneate fasciculus. Numbers of glia were decreased at
segment T7 (N44).

Weil Pallor in regions of necrosis due to tissue disruption. No apparent evidence of demyelination.
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Immunohistochemical results

CASE 15 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C8 - - - - - - - - - + -
T1 - - + + - - - + + + +
T2 - - - - - - - + + + +
T3 + - - + - - - + + + +
T4 + - + - - - - + + + +
T5 + - - + - - - + + + +
T6 + - - + - - - + + + -
T7 + - - + - - - + + + -
T8 + - + + - - - + + + +
T9 + - + + - - - + + + +
T10 + - - + - - - + + + +

* Shaded rows represent the site of compression

APP A very small region of axonal immunoreactivity is present in the lateral white matter at
section N42 and N44 (T7). There is severe tissue disruption at this level and thus the exact location
of this staining is difficult to determine. A larger focus of axonal positivity is seen in section N43
(T7). Sections N46 (C8), N45 (T1) and N49 (T2) were immunonegative for APP. Foci of staining
in axonal swellings was found in the subpial anterolateral white matter at T4 (N50). At T3 (N51)
immunopositivity was confined to the lateral corticospinal tract on one side and rarely elsewhere in
the lateral white matter. Axonal immunopositivity was macroscopically visible at T6 (N53) and
was most commonly seen in the anterolateral cord. Numbers of positive axons were maximal at
levels T5, T6, T8 and T9 and were found in regions of preserved white matter. Many equivocally
immunostained axonal swellings were also seen. Occasional positive axons of normal as well as
large diameter were present. At segment T10 (N56) immunoreactive axons were occasionally
present however there was a focus of larger, positive axonal swellings in the lateral subpial region

on one side. Negative in glia.

Active caspase-3 Negative in glia, axons and neurons. Equivocal cytoplasmic immunoreactivity

was present in occasional binucleate or polymorphic cells within the white matter.
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DNA-PKcs Rarely immunopositive in axonal swellings of the subpial white matter at T1 (N45), T4
(N50), T8 (N54) and T9 (N55). Non-specific immunoreactivity was seen at segment T6 (N53). All

segments were negative in glia, neurons.

PARP Despite the severity of necrosis, PARP glial immunopositivity was only occasionally seen at
T6 (N53), T7 (N44), T8 (N54) T9 (N55). At segments T1 (N45), T3 (N51), T5 (N52) and T10
(N56) staining was rarely present in glial cells. Negative in glia at T7 (N42, 43), T2 (N49) and T4

(N50). Negative in neurons and axons.

Bcl-2 Negative in glia, axons and neurons.

Fas Negative in glia, neurons. Rarely there was equivocal immunostaining in axonal swellings.

Caspase-9 Negative in glia, neurons. Rarely there was equivocal immunostaining in axonal

swellings.

TUNEL Occasional glial immunoreactivity in areas of preserved white matter at T7 (N42-44). At
T1 (N45) and T2 (N49) there is glial staining in the white and grey matter maximal towards the
central cord. Neuronal immunopositivity is also seen in these segments. At T3 (N51) there was
maximal glial immunoreactivity in grey and white matter and immunopositive neurons were
present in anterior and posterior horns. At T4 (N50) glial immunoreactivity was found in the
posterior columns, throughout the grey matter and surrounding central white matter. Five
immunopositive anterior horn cells were seen on one side and three on the other. At T5 (N52)
occasional glia consistent in appearance with microglia were immunopositive tending towards the
central cord. At T6 (N53) rare glial positivity was seen in preserved tissue. At T8 (N54)
immunopositive glia were present in the anterior white matter and anterolateral subpial region. At
T9 (N55) scattered immunopositive glia were present in the white and grey matter. Two
immunopositive anterior horn cells were seen on one side. Maximal glial immunopositivity was
seen at segment T10 (N56) throughout grey and white matter. Immunopositive neurons were seen

in all regions of grey matter. There was no immunopositivity within axons in any segment.
CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositive axonal profiles, small and large, in regions matching that

of APP staining were present. Foci of axonal immunopositivity were seen maximal in the subpial
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region and gracile fasciculi at T8 (N54), T9 (N55) and T10 (N56). Neuronal immunopositivity was
seen at T9 (N55). At T6 (N53) there was intense immunopositive staining in groups of longitudinal
and transverse axonal profiles throughout the necrotic cord excluding the preserved regions of
white matter. At T5 (N52) axonal staining was seen in the lateral and anterior white matter
maximal in the lateral and anterior corticospinal tracts. At T3 (N51) distinct foci of axonal
immunoreactivity were found in the deep posterior columns and lateral corticospinal tract on one
side. Immunopositive subpial foci in many small and some large axonal profiles were present at T4
(N50) in the anterior and lateral white matter only. Segment T2 (N49) was immunopositive within
the cytoplasm of anterior horn cells. Immunopositive axonal profiles were rare at T1 (N45). At T7
(N42, 43) rare foci of longitudinal axonal immunopositive profiles were noted. Amy-33

immunopositive axons were greater in number than that seen using the APP marker.

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIFE At T1 (N45) and T2 (N49) there is glial cytoplasmic staining throughout the white matter and
neuronal cytoplasmic immunopositivity in all regions of the grey matter. At T3 (N51) there are
immunopositive swellings in the lateral corticospinal tract and lateral subpial white matter on one
side. Immunopositive glia are present throughout the white matter and positive neurons throughout
the grey. At T4 (N50) there are focal regions of axonal immunopositivity in the lateral white
matter. Neuronal cytoplasmic staining is seen on both sides in all regions of the grey matter. Glial
cytoplasmic immunopositivity is present in the subpial region anteriorly and dispersed throughout
the rest of the white matter. There is a similar pattern of immunostaining at T9 (N55) however the
numbers of immunopositive axonal profiles are greater. At T8 (N54) immunopositive axonal
swellings are visible along the border of tissue necrosis in the region of the lateral corticospinal
tract. Immunopositivity in neuronal cytoplasm and glial cytoplasm is also present bilaterally in
preserved regions. At T10 (N56) a similar pattern of staining was seen however at this segment
there was no necrosis and the axonal immunopositivity was present in the subpial lateral white
matter on one side only. At T5 (N52) immunopositive axonal swellings were present in focal areas
throughout the white matter. There was no neuronal immunopositivity in this segment. Glial
cytoplasmic immunostaining was found in preserved white matter. There is no immunopositivity at
T6 (N53). Subtotal tissue necrosis was present at T6 (N53) and T7 (N42-44) with staining only
present in macrophages and immunonegative glia and neurons in small regions of preserved spinal
cord. Negative axonal swellings were interspersed with immunopositive profiles. Immunopositivity
was seen within tissue macrophages in areas of necrosis. The cytoplasm of ependymal cells was

immunopositive.
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Timeline of clinical progression

Haemopneumothorax,
fractured pelvis,
fracture/dislocation T5/6 with
paraplegia

Injury July 1985 July 1985 Death
June 1985 July 1985
A A A

Motorbike Accident — Intubation Renal Progressive
failure deterioration,

Respiratory Failure
and death
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Spatial Distribution of Staining — Case 15

Case: 15 Case: 15

Amy-33 Haematoxylin and eosin

Sections: Sections:

a) Two levels above site - T4 a) Two levels above site - T4
b) At the site of compression - T6 b) At the site of compression - T6
c) Two levels below site - T9 ) Two levels below site - T9

a)

b)

<)

Case: 15 Case: 15

APP DNA-PKes.

Sections: Sections:

a) Two levels above site T4 a) Two levels above site T4
b) At the site of compression T6 b) At the site of compression T6
¢) Two levels below site ™ ¢) Twa levels below site T

aj

b)
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Spatial Distribution of Staining — Case 15

Case: 15 Case: 15

PARP TUNEL

Sections: Sections:

a) Two levels above site - T4 a) Two levels above site . T4
b) At the site of compression - T6 b) At the site of compression - T6
¢) Two levels below site - ™ ¢) Two levels below site - 9
a) a)
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Summary of immunohistochemistry Case 15

Glia: CMAP
Axons: CMAP C8 H&E: loss AHCs, mild vacuolation
Neurons: Nil
Glia: PARP (rare) TUNEL, AlF, CMAP H&E: loss AHCs. mild vacuolation
Axons: DNA-PKcs, Amy-33, CMAP T e aonel Swe“i’ngs' vactotation,
Neurons: TUNEL, AIF
Glia: PARP, TUNEL, AIF
' ' H&E: loss AHCs, central
Axons: DNA-PKcs, APP, Amy-33 i chromatolysis lateral horn
Neurons: TUNEL, AIF
Glia: PARP (rare) TUNEL, AlF, CMAP H&E: subtotal loss AHCs, central
Axons: APP, AlF, Amy-33, CMAP T3 chromatolysis lateral horn,
Neurons: TUNEL, AIF vacuolation, axonal swellings,
cavitation
Glia: TUNEL, AIF, CMAP H&E: loss AHCs, central
Axons: APP, DNA-PKcs, Amy-33, T4 chromatolysis ant/lateral horn,
CMAP vacuolation, axonal swellings, cystic
Neurons: TUNEL, AIF cavitation, macrophages
Glia: PARP (rare) TUNEL, AlIF, CMAP H&E: severe cystic necrosis, loss
Axons: APP (max), AlF, Amy-33, T5 AHCs, central chromatolysis

CMAP
Neurons: Nil

ant/lateral horn, axonal swellings,
macrophages

Glia: PARP, TUNEL, CMAP
Axons: APP (max), Amy-33, CMAP
Neurons: Nil

é

N

H&E: pallor, asymmetry, necrosis,
loss AHCs, macrophages,
polymorphs, minor haemorrhage

H&E: asymmetry, necrosis, loss
AHCs, macrophages, polymorphs,
minor haemorrhage, fewer glia

H&E: severe cystic necrosis (max),
loss AHCs, central chromatolysis
ant/lateral horn, axonal swellings,
macrophages

H&E: severe cystic necrosis, loss
AHCs, central chromatolysis
ant/lateral horn, axonal swellings,
macrophages

i
e
Glia: PARP, TUNEL, CMAP ,4‘// W
Axons: APP, Amy-33, CMAP T7 ,ﬁ
Neurons: Nil M
Glia: PARP, TUNEL, AIF, CMAP
Axons: APP (max), DNA-PKcs, AlF, T8
Amy-33, CMAP
Neurons: AlF
Glia: PARP, TUNEL, AlF, CMAP
Axons: APP (max), DNA-PKcs, AlF, T9
Amy-33, CMAP
Neurons: TUNEL, AIF, Amy-33
Glia: PARP (rare) TUNEL, AlF, CMAP
Axons: APP, AIF, Amy-33, CMAP T10

Neurons: TUNEL, AIF

H&E: severe cystic necrosis, loss
AHCs, central chromatolysis
ant/lateral horn, axonal swellings,
macrophages

Conclusion Necrosis was present in the 6 lower segments of this case from T5 to T10. In addition,
neuronal damage was indicated by the presence of anterior horn cell loss in all segments and
central chromatolysis in 7 of the 11 segments analysed. Axonal damage was indicated by APP
immunopositivity in the lower 8 segments, often found in focal areas such as the lateral

corticospinal tract. TUNEL and AIF positivity was present in neurons and glia in the majority of

segments.
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CASE 16

Clinical summary A 52 year-old male. latrogenic compression occurred during spinal surgery.

Quadriplegia resulted from injury to the C3 spinal level. Cystic necrosis was found at C1-C4.

Patient died 26 days after injury from bronchopneumonia and adult respiratory distress syndrome.

The patient had presented 20 days prior to operation with pain and weakness in both arms and legs.
On examination of his central nervous system he was found to have reduced power in the left arm
and left leg and somewhat reduced reflexes. Sensation appeared to be normal. He was then seen by
the neurologists who diagnosed a post-viral demyelinating lesion high in the spinal cord above C5.
A cervical myelogram was performed. CSF was clear and colourless and there appeared no obvious
obstruction or lesions present. X-ray showed a congenital abnormality of C1-2 with non-union of
the odontoid peg with pronounced anterior atlas subluxation. The assessment made at this time was
that the odontoid peg lesion was long-standing but maybe producing cord signs. Over the next three
days it was noted that his weakness, particularly in the right and left upper limbs, was becoming
more pronounced and it was decided that he needed fusion of C1 and C2. He underwent this
procedure which resulted in post-operative quadriplegia and hyper-reflexia. The operation was

revised but there was no neurological improvement.

Operation:

This man, with an unstable subluxation of the dens consequent upon a congenital os odontoideum,
had a Gallie fusion of C1 and C2. The operation terminated and he was then found to be
quadriplegic. An urgent myelogram showed partial obstruction at C1-2. Myodil appeared to flow
along the sides of the cord, but wires passing behind the arch of C1 to C2 appeared to be intruding
into the canal. The position of fixation appeared satisfactory. There was an appearance of
obstruction anterior to the cord where the Myodil stopped opposite of the spinal cord. He was

returned to theatre, placed prone and the wound re-opened.

Second operation findings:

There was a wide space between the arch of C1 and the arch of C2 due to the developmental
anomaly. The ligamentum flavum had been previously divided and on separating this it was
possible to see two wires indenting the posterior aspect of the dural sac to a depth of at least 5 mm.
On removing the wires the dural sac filled out and occupied the whole of the spinal canal. The sac
now pulsated. A rubber catheter could be passed beneath the arch of C2 freely, but not beneath C1,
because the ligamentum flavum and dura were adherent here. There appeared to be no further
pressure on the sac. The surgeon explored either side, anterior to the nerve roots of C2 and there
was no sign of an extra-dural haematoma. He did not therefore feel it necessary to open the dural
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sac. The arches were then re-wired, placing the wire beneath C1 as previously, but now around the
spine of C2. This appeared to give a satisfactory alignment and on inspecting the dural sac it still

appeared to be under no tension and to pulsate. The wound was then closed in layers.

Comment:
The patient must be presumed to have had severe cord compression for about four hours. During

this time the quadriplegia appeared to have become complete.

Post-mortem findings:

A laminectomy was carried out on the fixed vertebral column and skull base. X-rays had been
taken of the removed specimen. A doubled wire anchored C1 and C2 vertebrae posteriorly over the
back of the arches. It was looped in front of the posterior arch of C1 and beneath the spinous
process of C2, with the free ends twisted together. There appeared to be a second wire around the
first looped wire, twisted together probably to tighten the loop. When the posterior portion of the
column was removed, the dura was exposed and found to be intact. The dura was opened and the
spinal cord was exposed. The cord was found to be continuous and without transection. There was
however, at the C2 level, an obvious point of narrowing in the spinal cord; rather like a “waist”.
The cord above and below was swollen. There was impressive softening of the cord at the level of
the narrowed point and for several segments below. These appearances are consistent with
mechanical compression of the spinal cord at that level, which could have resulted from anterior

bulging of the posterior dura by pressure from the wire.

The sectioned column showed that the odontoid process was not joined to the anterior arch of C2

and there was a mobile segment behind the anterior arch of C1.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Recent necrosis of upper cervical spinal cord extending macroscopically over C1-C5

segments and maximal at C2-C3 segments.

Haematoxylin and Eosin

Macroscopic findings There was an area of circumferential softening (12mm in length) involving
the cord between segments C2 and C3. The remainder of the spinal cord appeared macroscopically

normal. The anterior and posterior roots were normal. The dura mater and leptomeninges were
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normal. The anterior spinal artery was patent and free of atheroma. Sections through the area of
softening showed severe necrosis of the cord, most severe in the anterior half of the cord, with
scattered small petechial haemorrhages mainly involving the central part of the cord. Sections
above the area of softening showed that the lesion extended irregularly to the C1 level. Caudally
the lesion reached to the C5 segment with a small focus of central necrosis extending over several

segments in the right posterior horn.

There is pallor, disruption of the tissue and flattening of the cord at C3 (N13) and distal to the
lesion at N18. There is occasional tissue damage at other levels but these appear artefactual. In
section N15, proximal to the lesion, the cord appears mildly asymmetrical. Mild flattening of the
posterior cord is seen in section N20 of segment C4. All other segments appear macroscopically

normal.

Microscopic findings Corpora amylacea are seen. Proximal to the lesion (N15) subtotal tissue
necrosis with areas of haemorrhage and macrophage infiltration are present with preservation of the
anterior white matter and lateral subpial white matter. There is a complete loss of grey matter.
Axonal swellings are seen in the lateral cord bilaterally however numbers are greater on one side.
At C1 (N17) there is loss of AHCs particularly on one side and red cell change. On the opposite
side there are occasional axonal swellings in the lateral white matter in addition to mild
posterolateral vacuolation. Distal to the lesion in section N18 tissue necrosis is seen in the grey
matter, lateral white matter on one side and posterior columns, with preservation of the anterior
white matter, subpial posterior white matter and the majority of the lateral white matter. Anterior
horn cells are rarely present. Occasional axonal swellings are visible in the lateral and posterior
cord. At C3 (N19) there is bilateral loss of AHCs and red cell change on one side. Vacuolation and
axonal swellings are seen throughout the lateral white matter on one side with mild vacuolation of
the other. Vacuolation, occasional axonal swellings and cystic cavitation are seen in the posterior
columns. At segment C3 (N13) there is subtotal necrosis of the cord and presence of macrophages.
In section N20 of segment C4 the tissue parenchyma is intact. There is a mild loss of AHCs and
central chromatolysis of one neuron. A small area of tissue necrosis is found in each posterior horn
filled with macrophages. In the deep posterior column unilaterally there is a small region of cystic
necrosis. Vacuolation and occasional axonal swellings occur in the lateral cord. In section N21 of
C4 the regions of haemorrhagic necrosis in the posterior horn, and vacuolation in the lateral white
matter, are enlarged. There is also vacuolation of the anterior and posterior white matter. There is a
significant loss of AHCs and red cell change. In section N22 of C4 the white matter is relatively
preserved, however the region of necrosis within one posterior horn remains enlarged. There is a
loss of AHCs with red cell change and central chromatolysis a feature. Vacuolation of the anterior
and lateral white matter is seen particularly on one side. At C5 (N23, N24) there is loss of AHCs
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and red cell change bilaterally. VVacuolation is seen in the white matter and posterior horns. Rarely,
axonal swellings are present in the posterior column in section N23. At C6 (N25) there is a mild
loss of AHCs and vacuolation throughout the white matter and posterior horns. Segments C7 (N28)
and L5 (N36) appear normal except for mild vacuolation of the posterior horns.

Weil Pallor suggestive of demyelination is present at C4 (N20-22) and C6 (N23-25) in the lateral

corticospinal tract on one side and in the opposing lateral corticospinal tract in section N20 of C4.

Immunohistochemical results

CASE 16 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
c1 + - - + - - - + + + +
c3 + - + + - - - + + + +
c4 + - + + - - - + + + +
c5 - - + + - - - + + + +
C6 - - + + - - - + + + +
c7 - - + + - - - + + + +
L5 - - - + - - - + + + +

* Shaded rows represent the site of compression

APP Axonal immunopositivity was seen near regions of cystic necrosis in addition to possible
macrophage immunopositivity at C3 (N13), proximal and distal to the site of injury, and rarely at
C1 (N17). Rare immunoreactivity was seen in spherical structures suggestive of axonal swellings at
C4 (N20-22). No axonal immunoreactivity was present at C5 and C6 (N23-25) or at C7 (N28) and
L5 (N36). Immunopositive profiles proximal (N15) and distal (N18) to the site of compression

were occasionally difficult to distinguish as either glia or small axons. Negative in neurons.

Active caspase-3 Occasional cytoplasmic immunoreactivity was seen in the white matter at C3

(N13) in addition to rare positivity in axonal swellings. However, due to the disruption of the tissue
this axonal staining may represent background staining. Equivocal cytoplasmic staining was rarely

seen at C4 (N20, N22). Negative in neurons.

DNA-PKcs Immunonegative at C1 (N17). At C3 (N13) immunoreactivity within glial nuclei was

seen however the high degree of background staining may account for this. Proximal to the lesion
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(N15), distal to the lesion (N18) and at C3 (N19), C4 (N21, N22), C5 (N24), C6 (N25) and C7
(N28) there was occasional glial nuclear staining in the subpial area possibly due to tissue
disruption. In addition there was equivocal cytoplasmic staining within macrophages in section
N15. Negative at L5 (N36). Immunoreactivity occurred in axonal swellings at C3 (N19). Negative

in neurons.

PARP Neuronal nucleoli were immunoreactive in the anterior horn of C5 and C6 (N23-25). Glial
nuclear immunopositivity was found dispersed in the white matter at C3 (N13). Staining tended
towards the subpial region proximal to the lesion (N15) and at C3 (N19), C4 (N20-N22), C5 (N23,
24), C6 (N25), C7 (N28) and L5 (N36). The morphology of cells was that of oligodendrocytes.
PARP glial immunoreactivity was rarely seen in the lateral subpial region at C1 (N17). Negative in

axons.

Bcl-2 Negative in glia, axons and neurons.

Fas Negative in glia and neurons. Rare, nonspecific immunostaining was seen at C3 (N13) in areas
of hypercellularity. Equivocal immunoreactivity was seen in axonal swellings of the lateral white
matter distal to the site (N18).

Caspase-9 At C3 (N13), proximal to the site (N15) and distal to the site (N18) rare cytoplasmic

immunopositivity was seen in areas of hypercellularity. Negative in axons and neurons.

TUNEL Immunoreactivity was within the nuclei of macrophages and remaining glia at segment
C3 (N13) and proximal to the site of compression in section N15. Many neuronal nuclei and glial
nuclei were immunopositive in the central region of the cord at C1 (N17) and slightly fewer in
number at C3 (N19). Fewer immunopositive glia again were seen in section N20 of segment C4
tending towards the central cord however immunoreactive neuronal numbers were maintained. In
section N21 of C4 only rare neuronal immunopositivity was seen. However, in section N22 of C4
glial positivity was found throughout the cord and many neuronal nuclei were positive. At C5
(N23) immunopositive glia and neurons were found in the central cord but in section N24 of C5
there was no neuronal immunopositivity and rare glial immunopositivity. At segment C6 (N25)
occasional neuronal and glial staining occurred towards the central cord. At C7 (N28) and at L5
(N36) many neurons and glia were immunoreactive throughout the cord. Immunopositive glial and

neuronal nuclei were dispersed throughout the cord distal to the site (N18).
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CMAP Immunopositivity was seen in glia, the majority of axons both small and large, and in
ependymal cells. The degree of background staining negates the specificity of this marker at the

dilution used.

Amy-33 amyloid beta Immunopositive axonal profiles, small and large, in regions matching that

of APP staining were present. These axons were greater in number than that seen using the APP
marker. At C3 (N13) immunoreactivity was present in axons in preserved tissue. Proximal to the
site of compression at N15 many immunoreactive axonal swellings are seen throughout the white
matter but particularly in the lateral cord. At C1 (N17) there is neuronal cytoplasmic staining and
occasional glial cytoplasmic staining. Distal to the site at N18 there is neuronal and occasional glial
cytoplasmic staining as well as axonal reactivity in small and large diameter profiles particularly in
the posterolateral cord. A similar pattern of staining is seen at C3 (N19). At C4 (N20 and N21)
there is neuronal and occasional glial cytoplasmic staining as well as occasional axonal reactivity in
small and large diameter profiles particularly in the posterolateral cord. At C4 (N22), C5 (N23,
N24) and C6 (N25) there is neuronal cytoplasmic staining and occasional immunoreactivity in
axons and axonal swellings. At C7 (N28) and L5 (N36) Amy-33 immunoreactivity was present in

neuronal cytoplasm.

University of Melbourne amyloid beta Negative at segment distal to site of compression (N18).

DAKO amyloid beta Negative at segment distal to site of compression (N18).

AIF Proximal to the site of compression (N15) there is glial immunopositivity throughout the
preserved white matter and immunopositive axonal swellings in the lateral region. At C1 (N17)
immunopositive glia are scattered throughout the white matter and there is bilateral neuronal
immunopositivity. Staining is cytoplasmic. At the site of compression, C3 (N19), a similar pattern
of glial and neuronal staining is seen. In section N13 of segment C3 there are glia and occasional
axonal swellings which are immunopositive in the preserved white matter. At C4 (N20-22) there is
glial cytoplasmic immunoreactivity throughout the anterolateral white matter and in the subpial
posterior white matter. Bilateral neuronal immunopositivity is present. At C5 (N23, N24) and C6
(N25) there is immunopositivity in glia throughout the anterior white matter and lateral white
matter on one side, with immunopositivity found only in glia of the subpial region on the opposite
side, and in the subpial region posteriorly. There is bilateral neuronal cytoplasmic staining.
Immunopositive spheroids consistent with corpora amylacea are seen. Distal to the site of
compression (N18) there is glial immunopositivity throughout the preserved white matter. At C7
(N28) and L5 (N36) there are occasional immunopositive glia in the subpial region and there is

bilateral neuronal cytoplasmic immunopositivity.
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Timeline of clinical progression

April May 1978
1978
Injury

A
latrogenic injury during Quadriplegia at Death 26 days
spinal surgery C3 level post-injury
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Spatial Distribution of Staining — Case 16

Case: 16 Case: 16
Amy-33 Haematoxylin and eosin
Sections: Sections:
a) Two levels above site Cl1 a) Two levels above site - C1
b) At the site of compression Cc3 b) At the site of compression - C3
¢) Two levels below site C5 ¢) Two levels below site - s
a) a)
.“ 4
b) b)
‘ ,
‘:__/ L L}
A = AL
<) <)
Case: 16 Case: 16
APP DNA-PKcs
Sections: Sections:
a) Twa levels above site C1 a) Two levels above site - c1
b) At the site of compression c3 b) At the site of compression - c3
¢) Two levels below site Cs ¢) Two levels below site - 5

<)
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Spatial Distribution of Staining — Case 16

Case: 16 Case: 16
PARP TUNEL
Sections: Sections:
a) Two levels above site - Cl a) Two levels above site - Ccl
b) At the site of compression - c3 b) At the site of compression - c3
c) Two levels below site - C5 ) Two levels below site - Cs
a) a)

NV N

° ()

b) b)
< )
Case: 16
AlF 1
Sections:
a) Two levels above site - c1
b} At the site of compression - 3
€) Two levels below site - [
aj
b)
)
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Summary of immunohistochemistry Case 16

Glia: PARP (rare), TUNEL, AlF,
CMAP, Amy-33

Axons: APP, CMAP C1 H&E: loss AHCs

Neurons: TUNEL, AIF, Amy-33

Glia: DNA-PKcs, PARP, TUNEL, ﬁ///
AIF, CMAP, Amy-33 / H&E: subtotal necrosis,

Axons: APP, caspase-3 (rare), AlF, C3 % macrophages, axonal swellings,

CMAP, Amy-33 mild vacuolation
Neurons: TUNEL, AIF, Amy-33 ///

Glia: DNA-PKcs, PARP, Amy-33, H&E: loss AHCs. central
AIF, CMAP, TUNEL (max) : '

Axons: APP (rare), CMAP, Amy-33

Neurons: TUNEL (max), AIF, Amy-
33

c4 chromatolysis, vacuolation
Weil: pallor of lateral corticospinal
tract

Glia: DNA-PKcs, PARP, CMAP,
TUNEL, AIF

Axons: CMAP, Amy-33 C5 H&E: vacuolation

Neurons: PARP, TUNEL, AIF, Amy-
33

Glia: DNA-PKcs, PARP, CMAP,
TUNEL, AIF H&E: loss AHCs
Axons: CMAP, Amy-33 C6 Weil: pallor of lateral corticospinal
Neurons: PARP, TUNEL, AIF, Amy- tract
33

Glia: DNA-PKcs, PARP, CMAP,
TUNEL (max), AIF

Axons: CMAP C7 H&E: mild vacuolar changes

Neurons: TUNEL (max), AlIF, Amy-
33

Glia: PARP, TUNEL (max), AlF,
CMAP

Axons: CMAP LS H&E: mild vacuolar changes

Neurons: TUNEL (max), AlF, Amy-
33

Conclusion Almost complete cystic necrosis of the cervical cord at the C2-C3 segmental level.
There was necrosis involving the dorsal horns and the ventral part of the dorsal columns from C1 to
C4-5.
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CASE 17

Clinical summary A 72 year-old male was involved in a single vehicle rollover after he had

apparently lost control on a dirt road. He was transferred to the Intensive Care Unit of a major
hospital. His injuries included quadriplegia from a C7-T1 level with spinal shock, fractured right
4th and 5th ribs and minor lacerations to the scalp, left arm and right shin. His past medical history
included an anterior myocardial infarct, coronary artery grafting twice and an aortic valve

replacement. He was taking warfarin at the time of injury.

He underwent insertion of an AO locking plate for fixation of a C7-T1 fracture dislocation.
Extubation was difficult post-operatively due to poor respiratory effort and he remained ventilated
from this point on. His progress included repeated episodes of sepsis, mostly of respiratory origin,
with pseudomonas, enterobacter and acinetobacter. He was treated symptomatically and his
condition slowly improved with increased cardiovascular stability and resolution of the infection.
He maintained good renal function, but persisting ventilatory problems necessitated long term
partial ventilation. A CT scan suggested a persisting unstable oblique fracture below the area of
fixation and thus skull traction was performed. He developed hyperpyrexia with marked
hypotension, tachycardia and no urine output. Pseudomonas was cultured from the urine and

sputum despite antibiotic therapy. The patient developed haematemesis and melaena and died.

Pathology — brain

1. Polymicrogyria.
2. Partial atresia of right cingulated gyrus, adjacent corpus callosum and compensatory
diverticular outpouching of the right lateral ventricle.

3. Old lacunar infarct left caudate nucleus.

Pathology — spine and spinal cord
1. Fracture dislocation of C7-T1.

2. Severe compression necrosis of cervico-thoracic spinal cord maximal at C8-T1 levels.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was a complete fracture dislocation of
C7/T1. The T1 vertebral body was displaced backwards and had completely occluded the spinal
canal. The adjacent dural sac and spinal cord were severely crushed at this level. An oblique

fracture line extended from the posterior part of the T7 vertebral body across the intervertebral disc
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to join a crush fracture of the anterior T1 vertebral body. A metal plate was screwed into the

anterior C7 vertebral body.

External inspection of the dural sac revealed a deep transverse groove corresponding to the C7-T1
fracture dislocation. The dura mater was densely adherent to the underlying crushed spinal cord
which was represented by a meshwork of small cavities. The anterior spinal artery appeared patent.
Compression necrosis of the spinal cord was most severe at C8-T1 levels but extended to involve

the cervical cord to the C5 level and the thoracic cord to the T3 level.

Macroscopically visible distortion of the cord suggestive of compression in the antero-posterior
plane is evident in segment C8 (N18, 20, 22). Distortion was present but less severe at T1 (N19).
At C3, C4, T4 and T11 (N26, 27, 32, 34) there was mild narrowing of the lateral cord suggestive of
compression or atrophy. Dura mater is present at C8 (N20), T1 (N19) and T11 (N34). A cavity is
visible in the central cord at section N22 of the C8 segment and peripherally at section N20 of C8.
At T1 there is a central syrinx in addition to apparent dilatation of the central canal. At C7 (N21,
23) two small cavities are seen in the lateral and anterior cord. The cord parenchyma appears
fragmented at C5 (N25), C4 (N27) and T4 (N32) which may represent artefact. Pallor of the central
cord is seen at C5. At T2 (N30) distinct pallor of one half of the cord is present suggestive of

necrosis.

Microscopic findings Corpora amylacea are seen. At C3 (N26) there is vacuolation of the subpial
white matter extending to cystic change in the lateral corticospinal tract worse on one side.
Occasional axonal swellings are also seen. There is loss of anterior horn cells (AHC) and central
chromatolysis. Similar changes occur at C4 (N27). At C5 (N25) there is compression of the grey
matter, a loss of AHCs and central chromatolysis. There is cystic change in the posterolateral cord
on one side which may be partly accounted for by artefact however macrophages are seen in this
area. Vacuolation is found in the subpial region and less frequently throughout the cord. Axonal
swellings are found in the lateral corticospinal tract bilaterally. At C7 (N21, 23) there is cystic
necrosis throughout the grey matter extending into the posterolateral subpial region and many
macrophages are seen. There is a large syrinx in the posterior white matter and subtotal loss of
AHCs. At C8 there is severe cord compression or atrophy. Cystic necrosis is subtotal with the only
preserved regions being the anterior subpial white matter. Many macrophages are present and there
is a total loss of neurons with congestion of vessels. Two large syrinxes are found in the central
cord in section N22 (C8). At T1 (N19) there are several large syrinxes occupying the cord and no
neurons present. There is a generalised loss of glia. At T2 (N30) there is cystic necrosis and
macrophages present in one half of the cord. No neurons are visible. There is also disruption of the
subpial region on the relatively preserved side which may be artefact. At T3 (N31) there is subpial
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vacuolation and loss of AHCs. At T4 (N32) there is mild vacuolation throughout the cord
particularly in the lateral cord on one side. Occasional axonal swellings are seen. There is a loss of
AHCs with rare central chromatolysis. Similar vacuolar changes and axonal swellings are present
at T11 (N34). There is a mild loss of AHCs but no central chromatolysis. Glial processes and
regions of mineralisation suggestive of dystrophic calcification lined the necrotic cavity. Foamy

macrophages are seen from C2-T1.

Weil Pallor in regions of tissue necrosis but no evidence of Wallerian degeneration.

Immunohistochemical results

CASE 17 — Trauma series — Immunological positivity (+) in glial, axonal or neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
Cc3 + - - - - - + - - + +
Cc4 + - - + - - - - - + +
c5 - - - - - - - - + + -
Cc7 + - - - - - - - + + +
cs8 + - - - - - - - + + +
T1 - - - - - - - - - + +
T2 - - - + - - - - + + +
T3 + - - - - - - - + + +
T4 - - - + - - - + - + +
T11 - - - + - - - + - + +

* Shaded rows represent the site of compression

APP Non-specific immunostaining in segment C8 (N18). In segments C8 (N20) and C7 (N21, 23)
occasional spherical immunoreactivity is seen lining the syrinx which may represent axonal
profiles. At C3 (N26) there is rare immunoreactivity within axonal swellings of the lateral
corticospinal tract on one side. At C4 (N27) rare immunoreactivity is seen in small spherical
structures, probably axons. Scattered axonal immunoreactivity is seen at T2 (N30) in large
diameter axons surrounding necrotic areas and normal-diameter axons in relatively preserved
tissue. Immunopositive normal sized axons and occasionally swollen axons are rarely seen in the
lateral corticospinal tract at T3 (N31) and in the anterior corticospinal tract unilaterally at T4 (N32).

Negative in glia and neurons.
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Active caspase-3 Non-specific immunoreactivity is seen in rounded profiles within the neuropil

and may either be glial processes or small axons. Occasionally cellular profiles are
immunopositive. Rarely, equivocal immunopositivity is present in axonal swellings. Negative in

neurons.

DNA-PKcs Negative in glia, neurons and axons. Equivocal immunostaining is rarely seen in

axonal swellings at C4 (N27).

PARP Glial nuclear immunoreactivity is occasionally present in the preserved white matter
maximally at C4 (N27), C5 (N25) and C8 (N20, 22) and also found at T2 (N30). Immunopositive
glia in the subpial region are less in number at T4 (N32). At T11 (N34) there are positive glial
nuclei in the subpial region. These cells have morphology consistent with oligodendroglial cells.

Negative in neurons, axons.

Bcl-2 Negative in glia, neurons and axons.

Fas Negative in glia, neurons and axons.

Caspase-9 Rare immunopositivity in spherical axonal profiles of lateral white matter at C3 (N26).
One immunopositive cellular profile of unclear type was seen at T2 (N30). Occasional equivocal
immunoreactivity at T2 (N30) in axonal swellings. Negative in neurons.

TUNEL Immunoreactivity within macrophages at C8 (N22) and T2 (N30). Many neuronal nuclei
are immunoreactive at T4 (N32) and in astrocytes within the grey matter and glial nuclei within the
posterior column. Similar structures are immunopositive within the anterior horn unilaterally at

T11 (N34). Negative in axons.

CMAP Many immunopositive glia, ependymal cells, neurons and axons were seen. This combined

with the degree of background staining negates the specificity of this marker at the dilution used.

Amy-33 amyloid beta At C8 (N20) there are immunoreactive rounded profiles consistent with

axonal swellings lining the syrinx and are occasionally seen in the nerve roots. In section N22 of
C8, small and large immunopositive axonal profiles were seen bordering the syrinx and throughout
the white matter as well as macrophage immunopositivity. At C7 (N23) there was occasional
cytoplasmic and nuclear immunoreactivity within glial profiles as well as staining in small and
large axons and macrophages. At C7 (N21) small and large immunopositive axonal profiles were

seen bordering the syrinx and throughout the white matter. In addition there was cytoplasmic
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staining within neurons. At C5 (N25) glial cytoplasmic and neuronal cytoplasmic immunopositivity
was seen. Immunopositive small axons were seen throughout the white matter and occasionally
larger axons were present. A similar pattern was seen in segment T2 (N30) however greater
numbers of immunopositive axonal swellings were present in the lateral corticospinal tract,
especially on one side, than at C5. Small and large axons, glia with the morphology of
oligodendrocytes, the cytoplasm of neurons and macrophages were immunoreactive at T3 (N31). A
high degree of background staining was present in some areas likely due to parenchymal damage
and necrosis. Negative at T1 (N19).

University of Melbourne amyloid beta Negative.

DAKO amyloid beta Negative.

AIF Neuronal, oligodendroglial and astrocytic cytoplasmic staining is seen at C3 (N26), C4 (N27),
T11 (N34), T4 (N32) and T2 (N30). At C5 (N25) there are large numbers of immunopositive glia
in all areas of white matter. Neuronal cytoplasmic staining is seen on both sides. At C7 (N21) glial
immunostaining is present throughout the white matter and neuronal immunostaining in both
anterior horns in the cytoplasm. Staining is also present within the macrophage cytoplasm. At C8
(N18, N20, N22) there is glial cytoplasmic staining in the preserved anterior white matter but no
neuronal or axonal immunopositivity. At the site of compression, T1 (N19), immunopositive cell
numbers are decreased, with rare glial immunopositivity only. At T2 (N30) there is extensive tissue
necrosis and immunopositivity is present within macrophages. At T3 (N31) immunopositive glia
are present in all areas of white matter. Neuronal cytoplasmic staining is seen on both sides.

Negative in axons.

Timeline of clinical progression

February February February March
1994 1994 1994 1994
A A A A

Motor vehicle Fixation of C7-T1 Tracheostomy Deterioration
accident — fracture/dislocation Recurrent Sepsis and death
quadriplegia C7-T1 Persisting unstable

fracture — Skull

traction
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Spatial Distribution of Staining — Case 17

Case: 17 Case: 17

Amy-33 Haematoxylin and eosin

Sections: Sections:

a) Three levels above site - s a) Three levels above site - Cs
b) At the site of compression - T1 b) At the site of compression - T1
¢) Two levels below site - T3 ¢) Two levels below site - T3

a)

b)

<)

Case: 17 Case: 17

APP DNA-PKes

Sections: Sections:

a) Three levels above site - Ccs a) Three levels above site - [
b) At the site of compression - T1 b} At the site of compression - Ti
¢) Two levels below site - T3 ¢) Two levels below site - T3
2)

b)

<) <)
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Spatial Distribution of Staining — Case 17

Case: 17 Case: 17

PARP JNEL

Sections: Sections:

a) Three levels above site - Ccs a) Three levels above site - Cs
b) At the site of compression - Tl b) At the site of compression - T1
¢) Two levels below site * T3 ¢) Two levels below site - T3

a)

b)

<)
Case: 17
AlF 1

Sections:
a) Three levels above site - Ccs
b) At the site of compression - Tl
) Two levels below site - T3
a)

b)

<€)
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Summary of immunohistochemistry Case 17

Glia: CMAP, AIF
Axons: APP (rare), CMAP,

H&E: vacuolation, cystic change,

Neurons: CMAP

W

C 9 C3 axonal swellings, loss AHCs, central
aspase- chromatolysis, macrophages
Neurons: CMAP, AlF
Glia: PARP (max), CMAP, AIF H&E: vacuolation, cystic change,
Axons: APP (rare), CMAP c4 axonal swellings, loss AHCs, central
Neurons: CMAP, AlF chromatolysis, macrophages
Glia: Amy-33, AIF, CMAP H&E: compression grey matter, loss
Axons: Amy-33, CMAP 5 AHCs, vacuolation, cystic change,
Neurons: Amy-33, AlF, CMAP central chromatolysis, axonal
swellings, macrophages
Glia: Amy-33, AlF, CMAP
Axons: APP, Amy-33, CMAP c7 H&E: cystic necrosis, macrophages,
Neurons: Amy-33, AlF, CMAP loss AHCs, syrinx
Glia: AIF, CMAP M H&E: grey matter compression /
Axons: APP, Amy-33, CMAP c8 ﬁ atrophy, cystic necrosis,

macrophages, syrinx, loss neurons,
congestion

Neurons: TUNEL, CMAP, AlF

Glia: AIF, CMAP //////ﬁ |
Axons: CMAP ,/ T1 f H&E: syrinx, loss neurons,
Neurons: CMAP %” f macrophages
)

Glia: PARP, Amy-33, CMAP, AlF
Axons: APP, Amy-33, CMAP 2 H&E: cystic necrosis, macrophages,
Neurons: Amy-33, CMAP, AIF loss neurons
Glia: AIF, CMAP, Amy-33
Axons: APP, Amy-33, CMAP T3 H&E: subpial vacuolation, loss
Neurons: AlF, CMAP, Amy-33 AHCs
Glia: P_ARP' TUNEL, CMAP, AIF H&E: vacuolation throughout, loss
ﬁxons. (':'\'FIAEEL CMAP. AIF T4 AHCs, central chromatolysis, axonal

eurons: TU , , swellings
Glia: PARP, CMAP, AIF
Axons: CMAP T11 H&E: vacuolation throughout, loss

AHCs, axonal swellings

Conclusion Spinal cord compression was secondary to C7-T1 fracture-dislocation. There was
widespread necrosis and penumbral immunoreactivity for apoptotic markers. This was supported
by large numbers of immunopositive glia in all areas of white matter with occasional nuclear

immunopositivity on both sides as well as cytoplasmic at C5 (N25). Staining was also present
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within macrophages. At the site, C8 (N18, N20, N22), there was glial cytoplasmic staining using
AIF in the preserved anterior white matter but no neuronal or axonal immunopositivity. TUNEL
reactivity was present in neurons distant to the site of compression consistent with apoptosis. No

significant axonal immunopositivity was found.
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CASE 18

Clinical summary A 70 year-old female who died of pneumonia likely to have developed

secondary to her immobility, chronic pain and inability to cough. Steroidal medication for asthma
contributed to marked osteoporosis, eventually leading to instability of the spine, crush fracture at
C7 and compressive myelopathy at C8-T1. This was surgically decompressed posteriorly but there
was residual quadriparesis and patchy sensory loss. Cause of death was bronchopneumonia and

debilitation secondary to thoracic cord compression.

The cord was compressed at C8, particularly on one side. There was haemorrhage in the posterior
horn at C7 and congestion of blood vessels, worse in the anterior portion of the cord. The cord was

greatly distorted with some necrosis and invasion by macrophages.
Demyelination was present in the sensory tracts above, and the motor tracts below the lesion. There
was hyaline sclerosis of the blood vessels and many corpora amylacea were present, especially

anteriorly closer to the midline.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Compression myelopathy maximal C8-T1 levels.
2. Severe kyphoscoliosis of the vertebral column.

3. Crush fracture of C7 and L2 vertebrae.
4

. Severe intravertebral disc degeneration with osteophyte formation.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination there was marked circumferential atrophy of
C8-T1 cord segments. The anterior spinal artery was patent above the area of compression and only
seen with difficulty below the site of compression. Segmental sections of the spinal cord revealed
old necrosis of C8 and T1 segments. The remainder of the spinal cord was macroscopically normal.
There was marked kyphosis at C7-T1 levels with the superior posterior aspect of the T1 vertebral
body protruding into the vertebral canal with marked narrowing. The C7 vertebral body showed a
wedge shaped crush fracture. There was severe disc degeneration of the cervical vertebral column
associated with osteophyte formation. There was a marked scoliosis to the left of the lumbosacral

spine. There was a crush fracture of L2 and anterior wedging of the L3 vertebral body. There was
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severe disc degeneration of the lumbar spine with osteophyte formation maximal at L3-L4 and L5-
S1 levels anteriorly and posteriorly with narrowing of the vertebral canal at L1-L2, L3-L4 and L5-
Sl

All sections showed even eosinophilic staining with no loss of intensity. C6 (N4), C7 (N5), T2
(N11) and T3 (N12) were macroscopically normal. At the C8 segment (N6, N7) the cord was
fragmented and mildly distorted indicating compression. Sections N8 and N9 were longitudinal. At
the T1 segment (N10) there was mild asymmetry of the spinal cord. T2 (N11) and T3 (N12)

appeared macroscopically normal.

Microscopic findings In segments C6 (N4) and C7 (N5) corpora amylacea are seen scattered
throughout. There is some vacuolation present in the posterior nerve root and elongated separation
of tissue within the white matter. This may be artefactual or it may indicate the friability of the

tissue as a result of damage at lower levels. The cord is otherwise unremarkable at these segments.

At the level of compression, C8 (N6, N7) and C8/T1 (N8, N9) segments, there was diffuse cystic
cavitation and disruption of tissue throughout the cord and engorgement of vessels with mild
haemorrhage. There were occasional small areas of vacuolation. Polymorphonuclear cells,
suggestive of neutrophils, were seen within vessels and occasionally within the tissue. There was
significant anterior horn cell and glial cell loss. T1 (N10) and T2 (N11) segments showed mild
subpial vacuolation and occasional parenchymal damage of the white matter which may be
artefactual. At T3 (N12) there was a partial loss of AHCs unilaterally and mild vacuolation

throughout the white matter.

Weil The spinal cord segments above C8 show Wallerian degeneration maximal in the posterior
columns. Cord segment C8-T1 shows ill defined corticospinal tract degeneration. At T1 (N10)
there is pallor of the posterolateral white matter suggesting demyelination. At T2 (N11) there is

pallor of the anterior and lateral corticospinal tracts on one side.
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Immunohistochemical results

CASE 18 — Trauma series — Compression C7 — Immunological positivity (+) in glial, axonal or

neuronal profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C6 - - - + - - - + + + +
Cc7 + - - + - - - + + + +
C8 + - - + - - + - + + +
Cc8/T1 - - - + - - - - + + +
T1 + - - + - - - - + + +
T2 - - - + - - - + + + +
T3 + - - + - - - + + + +

* Shaded rows represent the site of compression

APP Well-defined areas of axonal immunopositivity were seen in C7 (N5), C8 (N6, N7) and T1
(N10). These immunopositive axons were of normal diameter and were evident in both longitudinal
and transverse profiles. Regions of APP immunopositivity were macroscopically visible in these
segments. Axonal positivity was rarely present within the lateral corticospinal tract at T3 (N12).

Segment T2 (N11) was negative.

Active caspase-3 Negative for axons, glia and neurons. Occasional non-specific immunopositive
profiles within the neuropil subpially at C6 (N4) and T3 (N12).

DNA —PKcs Negative for axons, glia and neurons.

PARP Many immunopositive glia with a morphology characteristic of oligodendrocytes were seen
diffusely across the white matter in all segments. Neuronal nucleoli were rarely immunopositive in
segments C6 (N4), C7 (N5) and T3 (N12). At T1 (N10), neuronal nuclei but not nucleoli were

rarely immunopositive within the anterior horn. Negative for axons.

Bcl-2 Negative for axons, glia and neurons.

Fas Negative for axons, glia and neurons.

Caspase-9 Immunonegative for neurons and glia. Rare axonal immunopositivity at C8 (N6). Rare

non-specific staining at C6 (N4).
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TUNEL Immunonegative for neurons and axons. Immunopositive glia were occasionally found at
segments C7 (N5), T2 (N11) and T3 (N12).

CMAP Many immunopositive glia were found in segments C6 (N4) - T3 (N12). Non-specific
staining was seen which may represent either dendritic processes or axons. At T2 (N11)

cytoplasmic immunopositivity was occasionally found within anterior horn cells.

Amy-33 amyloid beta Immunopositive within the cytoplasm of anterior horn cells at C6 (N4) and

also occasional glial cytoplasmic staining. At C7 (N5) and C8 (N6, N7) there was macroscopically
visible axonal positivity throughout the white matter, maximal in the lateral and anterior
corticospinal tracts. Axonal profiles were of normal diameter interspersed with occasional swollen
axons and longitudinal profiles were also observed. Occasional cytoplasmic glial staining was seen
at these segments but there were no immunopositive neurons. At C8/T1 (N8) there were
macroscopically visible collections of axonal immunopositivity, occasional glia and
immunopositive neurons. At T1 (N10) there were positive axons throughout the white matter but
especially in the anterior and lateral corticospinal tracts. Cytoplasmic staining of anterior horn cells
was found but glia were immunonegative. Greater numbers of immunopositive glia and their
processes were present in segments T2 (N11) and T3 (N12) in addition to positive AHCs but there

were only rarely positive axons at T2 and none in segment T3.

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF At C6 (N4) glial immunoreactivity was seen in all areas of white matter. This staining was
cytoplasmic in nature and profiles were consistent with oligodendrocytes and astrocytes. Neuronal
staining was found within the grey matter on both sides. At C7 (N5) there is glial and neuronal
cytoplasmic immunopositivity in all regions but in greater numbers towards the central white
matter. At C8 (N7, N8) and C8/T1 (N9) there is occasional cellular cytoplasmic staining of
uncertain cell type however significant background staining is present. At C8 (N6) there is
immunopositivity in normal and enlarged axons. At the site of compression T1 (N10) and below at
T3 (N12) glial immunopositivity was greatly reduced to involve on the occasional glial cell.
Neuronal immunostaining was present on both sides. At T2 (N11) there was glial cytoplasmic
immunopositivity throughout the white matter and in neuronal cytoplasm bilaterally. There was no

immunopositivity within axonal profiles.
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Timeline of clinical progression

Death
1971 ?ggg st February
1987
A A A
Osteoporosis Crush Compressive Residual Pneumonia
diagnosed fracture myelopathy qudriparesis and
C7 C8-T1- patchy sensory
Decompression loss, progressive

deterioration
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Spatial Distribution of Staining — Case 18

Case: 18 Case: 18
Amy-33 Haematoxylin and eosin
Sections: Sections:
a) Two levels above site - C6 a) Two levgls above site - (&)
b) At the site of compression . Tl b) At the site of compression - Ti
) Two levels below site . T3 ¢) Two levels below site - T3
a) a)
)
b) b)
) . c)
Case: 18 Case: 18
APP DNA-PKes
Sections: Sections:
a) Two levels above site - C6 a) Two levels above site - c6
b) At the site of compression - Ti b) At the site of compression - TI
¢) Two levels below site - T3 ) Two levels below site - bl

a) a)
b) . b) ?_ _% ‘-——%—————‘
’ ’ )
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Spatial Distribution of Staining — Case 18

Case: 18
PARP

Sections:
a) Two levels above site - C6

b) At the site of compression - T
€} Two levels below site - T3

a)

b)

Case: 18
AlF 1

Sections:

1) Two levels above site - C6

b) At the site of compression - Tl

) Two levels below site - T3

Case; 18
TUNEL

Sections:
a) Two levels above site - (=)

b) At the site of compression - T1
¢} Two levels below site - T3

b)
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Summary of immunohistochemistry Case 18

Glia: PARP, AIF
Axons: Nil C6 H&E: vacuolation
Neurons: PARP, AlIF

Glia: PARP, TUNEL, AIF
Axons: APP C7 H&E: vacuolation
Neurons: PARP, AlF

Glia: PARP f’,’;’ H&E: macroscopic asymmetry, cystic
Axons: APP, caspase-9 (rare) / change, congestion, haemorrhage,
Neurons: Nil / vacuolation, polymorphs, AHC/glial loss
Glia: PARP, AIF j H&E: macroscopic asymmetry, cystic
Axons: APP ﬁ

// change, congestion, haemorrhage,
// vacuolation, polymorphs, AHC/glial loss

////// Weil: pallor posterolateral white matter

Neurons: PARP, AlIF

Glia: PARP, TUNEL, AIF H&E: subpial vacuolation
Axons: Nil T2 Weil: Pallor of anterior and lateral
Neurons: AIF corticospinal tract unilaterally

Glia: PARP, TUNEL, AIF
Axons: APP (rare) T3 H&E: partial loss AHCs, vacuolation
Neurons: PARP, AlIF

Conclusion The onset of spinal cord compression is most likely to be acute, secondary to the crush
fracture of the C7 vertebral body. The survival time post-compression was 5 months. On
haematoxylin and eosin staining there is evidence of a loss of anterior horn cells and of acute
inflammation with the presence of polymorphonuclear cells and haemorrhage within the white
matter. Ongoing cellular damage is indicated by the loss of myelin on Weil staining, paucity of glia

and cystic cavitation of the spinal cord.

Axonal immunopositivity was seen using the marker APP in both longitudinal and transverse
profiles which may suggest regenerating axons. Rarely these axons were also immunopositive for
caspase-9, deemed to be an immunological marker of the mitochondrial apoptotic pathway. The
pallor of Weil staining in motor tracts below and sensory tracts above the site of compression

indicate Wallerian degeneration.

TUNEL immunopositivity within glia was seen above and below the lesion. This might be
explained by a loss of glia at the site of compression however it is an unlikely reason as PARP glial
immunopositivity was seen at all levels including the compressed level. Alternatively, such staining
may represent either different stages of the apoptotic pathway or evidence of DNA damage

characteristic of apoptosis due to other causes such as oncotic necrosis.
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CASE 19

Clinical summary A 75 year-old male who died of an unknown cause. The patient had been a

quadriplegic, level C6, for approximately 25 years following a gymnastic injury. The cause of

death was undetermined.
Macroscopic examination showed an old healed fracture dislocation of the C7-T1 vertebrae,
significant angulation of the spine and narrowing of the spinal canal at the level. The upper and

lower limbs showed proximal and distal atrophy.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord
1. Old fracture dislocation C7/T1.
2. Old traumatic necrosis of cervical spinal cord (C7-T1) with appropriate ascending and

descending tract degeneration.

3. Post traumatic syringomyelia (descending to T5 level and ascending to C6 level).

Haematoxylin and Eosin

Macroscopic findings Examination of the hemisected vertebral column showed an old healed
fracture dislocation of the C7-T1 vertebrae with a marked angulation deformity at that level with

severe narrowing of the spinal canal. The remainder of the vertebral bodies were normal.

On post-mortem examination there was marked wasting of the spinal cord at C7-T1 segments. The
anterior spinal artery was normal. Segmental section of the spinal cord revealed almost complete
necrosis at C7 through T1 levels, maximal at the C8 segmental level with secondary dense
leptomeningeal adhesions. An ascending traumatic syrinx (3 x 2 x 5 mm) extended rostrally in the
left side of the cord to the C6 level. A descending traumatic syrinx (10 x 5 x 70 mm) extended
below the level of the lesion to the T5 segmental level. Symmetrical atrophy of the posterior white
matter columns was present rostral to the area of old traumatic necrosis and caudally there was

symmetrical corticospinal tract degeneration in the anterolateral white matter columns.

At C8 (N8), T2 (N10) and T4 (N12) there is a generalised pallor of the cord and structural features

are difficult to distinguish.
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Microscopic findings At C8 (N8) there is a syrinx throughout the central cord extending to the
lateral region on one side. No neurons are visible in the grey matter and there is a subtotal loss of
glia. C8 and T1 show dystrophic calcification. At T2 and T4 (N10, 12) no glia are visible. These
features account for the extreme pallor of the cord on haematoxylin and eosin staining. On
immunological staining, neuronal profiles were identified in all sections however the number of

anterior horn cells was abnormally low at T7 (N15) below the syrinx.

Weil At C8, T2 and T4 there is subtotal loss of myelin in all regions of the white matter.

Immunohistochemical results

CASE 19 - Syringomyelia series — Immunological positivity (+) in glial, axonal or neuronal
profiles:

Level APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
C8 - - + + = = = = = + +
T2 - - + + - - - - + + +
T4 + - + + - - - + - + +
T7 - - - + - - - - + + +

* Shaded rows represent the site of compression

APP Immunopositive neuronal cytoplasm is present at T2 (N10) and in one neuron at T4 (N12).

Negative in glia, axons. Negative at T7 (N15).

Active caspase-3 Negative in axons, neurons and glia. A significant amount of background

staining was present in the subpial region.
DNA-PKcs Immunoreactive glial nuclei were seen throughout the cord in all segments.
Immunopositive neuronal nuclei were seen unilaterally in C8 (N8) and T4 (N12). Negative in

axons. Negative at T7 (N15).

PARP Immunopositive glial nuclei were seen in the remaining tissue of all segments. Negative in

neurons, axons.
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Bcl-2 Occasional immunoreactivity within the nuclear membrane in lymphocytic profiles. In
addition there was occasional cytoplasmic staining at C8 of nonspecific cell type. Negative in
neurons, axons. Negative at T7 (N15).

Fas Immunonegative for axons, glia and neurons.

Caspase-9 Negative in neurons, axons. Non-specific background staining in the subpial region.

TUNEL Rare nuclear immunoreactivity in the subpial region at T2 (N10). At T4 (N12) occasional

nuclear immunoreactivity, likely to be glia, and rarely nuclear positivity in neurons.

CMAP Ependymal, glial, neuronal, macrophage and background staining was seen.

Amy-33 amyloid-beta Negative at C8 (N8) and T4 (N12). Neuronal cytoplasmic staining is

present at T2 (N10). Non-specific staining is seen at T7 (N15).

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF Immunopositive in glial cytoplasm at T4 (N12). At C8 (N8), T2 (N10) and T7 (N15) there is
neuronal and glial cytoplasmic staining.

Timeline of clinical progression

1958 May 1983

A A

Gymnastics Syrinx Death —

injury — C6-T5 unknown cause
C7-T1
Fracture/
Dislocation
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Spatial Distribution of Staining — Case 19

Case: 19

Amy-33

Sections:

Levels a) to ¢} contain syrinx

a) One level above site of traumatic compression
b) At the level of traumatic compression

¢) One level below site of traumatic compression

d) Level without syrinx

a)

b)

dy

Case: 19
APP

Sections:

Levels a) to ¢) contain syrinx

a) One level above site of traumatic compression
B) At the level of traumatic compression

¢) One level below site of traumatic compression
d) Level without syrinx

B)

a

HEHe

5%

Case: 19

Haematoxylin and eosin

Sections:

Levels a) to ¢) contain syrinx.

a) One level above site of traumatic compression
1) At the level of raumatic compression

<) One level below site of traumatic compression
d) Level without syrinx

a)

b}

<)

d)

Case: 19

DNA-PKes

Sections:

Levels a) to ¢) contain syrinx

a) One level above site of traumatic compression
b) At the level of raumatic compression

¢) One level below site of traumatic compression
d) Level without syrinx

a)

b)

dj
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Spatial Distribution of Staining — Case 19

Case: 19 Case: 19

PARP TUNEL

Sections: Sections:

Levels 2) to ) contain syrinx Levels a) to c) contain syrinx

a) One level above site of traumatic compression - Cc6 a) One level above site of traumatic compression - c6
b) At the level of traumatic compression - cs b) At the level of traumatic compression - cg
c) One level below site of traumatic compression - T2 ) One level below site of traumatic compression - T2
d) Level without syrinx - 7 d) Level without syrinx B 7
a) a)

b)

d)

Case: 19
AlF 1

Sections:

Levels a) to ¢) contain syrin

a) One level above site of traumatic compression - C6
b) At the level of traumatic compression - 8
) One level below site of traumatic compression - T2
d) Level without syrinx - 7
a)

by

d)
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Summary of immunohistochemistry Case 19

Glia: DNA-PKGcs, PARP, AlIF
Axons: Nil
Neurons: PARP, AIF

//

H&E: Syrinx, pallor, loss of glia,
loss of AHCs
Weil: pallor throughout cord

Glia: DNA-PKcs, PARP, AlF
Axons: Nil
Neurons: APP, Amy-33, AlF

7%

H&E: Syrinx, pallor, loss of glia,
loss of AHCs
Weil: pallor throughout cord

Glia: DNA-PKcs, TUNEL, PARP
Axons: Nil

///é

B8

H&E: Syrinx, pallor, loss of glia,

Neurons: APP, DNA-PKcs T4 loss of AHCs

TUNEL Weil: pallor throughout cord
Glia: AIF, PARP
Axons: Nil H&E: Severe tissue necrosis and
Neurons: AlF T7 neuronal loss

Weil: pallor throughout cord

Conclusion Syringomyelia was secondary to trauma and there was a long survival time following
injury. There were no axonal swellings present and no APP axonal positivity was found. DNA-
PKcs and TUNEL staining was predominantly within the central cord and may represent ongoing
DNA damage, PARP immunopositivity may represent DNA repair.
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CASE 20

Clinical summary A 55 year-old man with a past history of congestive heart failure resulting

eventually in death. A syrinx of the spinal cord was found at autopsy.

The syrinx extended from C2-T12 and communicated with the subarachnoid space on the left at
C4-C5, a developmental abnormality, incorporating the central canal and extending across

segments C6-C8. There was anterior horn cell loss at these spinal cord segments.

The patient died in cardiac failure with a cardiopulmonary arrest despite inotropic support. No
acute infarct was demonstrated. A focal acute prostatitis and pyelonephritis was evident. History of
7 years congestive heart failure resulting in numerous admissions, presumed to be secondary to

ischaemic cardiomyopathy. Syringomyelia suspected to account for wasting of upper limbs.

Pathology — brain

1. Normal brain.

Pathology — spine and spinal cord

1. Syringomyelia (longitudinal extent C2-T12) communicating with the subarachnoid space

at C4 and C5 levels on the left side. Developmental anomaly of the spinal cord.

Haematoxylin and Eosin

Macroscopic findings The cord is distorted and compressed in an antero-posterior plane. There is

marked pallor of the cord.

Microscopic findings There is a syrinx in the central cord at all levels. In some segments this
syrinx communicates with the subarachnoid space. Central syrinx is seen at C2 (N1). Loss of
AHCs and glia at C3 (N2) with loss of glia in the anterior white matter and glial meshwork. At C4
(N3) there is a subtotal loss of glia, worse on either the anterior or posterior aspect of the cord (the
structural morphology is difficult to recognise due to the distortion of the cord). At C7 (N6) the
syrinx is lined by ependymal cells. There is preservation of the majority of glia with the exception
of the lateral subpial region bilaterally. There is anterior horn cell loss and compression of the cord.

At L2 (N21) below the syrinx there is normal appearing spinal cord.

Weil Pallor is seen in the gracile fasciculi at C2 (N1). At C3 (N2) and C4 (N3) both the gracile and
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cuneate fasciculi show pallor suggestive of a loss of myelin. At C7 (N6) there is mild tissue

disruption at the gracile fasciculus but no evidence of demyelination.

Immunohistochemical results

CASE 20 - Syringomyelia series — Immunological positivity (+) in glial, axonal or neuronal

profiles:

Level ~APP Casp-3 DNA- PARP Bcl-2 Fas Casp-9 TUNEL Amy-33 CMAP AlF

PKcs
Cc2 - - + + - - - + - + +
C8 - - i T - - - e - e e
C4 - - + + - - - + - + +
€/ - - -+ + - - - + - + +
L2 + - + + - - - + + + +

* Shaded rows represent the site of compression

APP Non-specific immunoreactivity bordering the syrinx in all segments. Negative in glia.

Neuronal cytoplasmic immunopositivity is present at L2 (N21).

Active caspase-3 Negative in axons, neurons and glia.

DNA-PKcs Immunoreactive in glia in all segments, particularly in the subpial region. In addition,

neuronal cytoplasmic staining is seen in all segments. Negative in axons.

PARP Immunopositive glia are seen in all segments dispersed throughout the white matter,
particularly in the subpial region. These immunopositive cells have a morphology typical of
oligodendrocytes. One immunopositive prominent neuronal nucleolus is seen at C7 (N6). Many
immunopositive neuronal nucleoli are seen at L2 (N21) and immunopositive glial nuclei are

evident in the subpial region. Negative in axons.

Bcl-2 Immunoreactivity is rarely seen in the nuclear membrane of lymphocytes in all segments

except L2 (N21). Negative in axons, neurons.

FAS Negative.

Caspase-9 Negative in glia, axons and neurons.
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TUNEL Glial nuclear immunoreactivity throughout the white matter in all segments. Neuronal
nuclei immunoreactive in all segments. Maximal staining at C2 and C3 (N1 and N2). Negative in

axons.

CMAP Immunoreactivity was found in glial processes and nuclei in all sections. Neuronal

cytoplasmic staining was seen at L2 (N21).

Amy-33 amyloid-beta Negative at all segments except L2 (N21) in which there is neuronal

cytoplasmic staining.

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

IE Immunopositivity is seen in oligodendroglial, astrocytic and neuronal cytoplasm in all

segments. There is also cytoplasmic staining in ependymal cells lining the syrinx.

Timeline of clinical progression

Born 1980 Died June
1932 (Approx.) 1987
A A

Congentinal Onset of Upper limb Death due to cardiac

syringmyelia Congestive cardiac wasting failure — incidental
failure (probable finding of Syrinx C2-T12
Ischaemic
cardiomyopathy)
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Spatial Distribution of Staining — Case 20

Case: 20 Case: 20
Amy-33 Haematoxylin and eosin
Sections: Sections:
a) At the level of the syrinx - 3 a) At the level of the syrinx - 3
b) At the level of the syrinx - [or) b) At the level of the syrinx - c7
) Level without syrinx - 2 ¢) Level without syrinx . 12
al
b)
<)
Case: 20
APP
Case:
Sections: AIF L
a) At the level of the syrinx . a Sections:
b) At the level of the syrinx - 7
S - 2) At the fevel of the syrinx . c3
€) Level without syrinx R b Atihe lvel of e syrine. - C7
) Level withowt syring - LB
a)
L1
b) L]
<) €
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Case: 20 Case: 20
TUNEL PARP

Sections: Sections:

1) At the level of the syrinx . c3
b At the level of the syrinx - cr
) Level without syrinx - L2

u) At the level of the syrinx
) At the level of the syrinx
) Level without syrinx.

whe i)

2

b

Case: 20
DNA-FKcs

Sections:
a) At the level of the syrinx - €

b} At the level of the syrinx - c7
) Level without syrinx - L2

ap

b)
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Summary of immunohistochemistry Case 20

Glia: DNA-PKcs, PARP, AlF,
TUNEL (max)

Axons: Non-specific

Neurons: DNA-PKcs, AlF,
TUNEL (max)

O\

AN

-
o C
/%///4

H&E: distortion, pallor, subtotal loss
glia, subtotal loss AHCs
Weil: pallor of gracile fasculus

Glia: DNA-PKcs, PARP, AlF,
TUNEL (max)

Axons: Non-specific

Neurons: DNA-PKcs, AlF,
TUNEL (max)

C3

_

H&E: distortion, pallor, loss of glia,
loss of AHCs

Weil: pallor of gracile and cuneate
fasculi

Glia: DNA-PKcs, PARP, TUNEL,
AlF

Axons: Non-specific

Neurons: DNA-PKcs, TUNEL, AIF

o

H&E: distortion, pallor, subtotal loss
glia, subtotal loss AHCs

Weil: pallor of gracile and cuneate
fasculi

Glia: DNA-PKcs, PARP, TUNEL,
AlF

Axons: Non-specific

Neurons: DNA-PKcs, PARP, AlF,
TUNEL

-
W

H&E: distortion, pallor, loss of
AHCs

Glia: DNA-PKcs, PARP, TUNEL

Axons: Nil

Neurons: APP, DNA-PKcs, PARP,
TUNEL, Amy-33

L2

H&E: normal appearance

Conclusion This patient had an extensive upper spinal cord syrinx extending from C2 to T12.
There was associated loss of anterior horn cells and this correlated with findings of PARP, TUNEL
and DNA-PKcs neuronal immunoreactivity. In addition there was pallor of the ascending tracts on

Weil stain however there was no APP immunopositivity or axonal swellings to suggest axonal

injury or a disruption of axonal transport. AIF immunopositivity was heterogeneous in nature.
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CASE 21

Clinical summary A 74 year-old man with minor Arnold-Chiari malformation and associated

syringomyelia. He died of cardiac failure. The syrinx had been decompressed surgically, although a
residual syrinx was present following surgery from T1 to C2 segments. The patient’s severe
restrictive airways disease was attributed to neurological damage secondary to his long-standing

syringomyelia.

The size of the syrinx was greatest at C2 in the right posterior column and macroscopically there
was slight separation of the posterior columns in the midline. Extensive atrophy of the spinal cord
was found distal to the site of decompression.

Histology showed a residual syrinx extending from C2 to L1 segment, with descending
corticospinal tract degeneration below T6. Transverse syrinxes had formed at T12 and C7-T1.

There was loss of anterior horn cells at these levels.

Pathology — brain

1. Macroscopic findings There was prominent cerebellar tonsillar protrusion and deep
grooving of the cerebellar tonsils which extend down around the C1 cervical segment. The
cerebellum was normal apart from cerebellar tonsillar protrusion (Arnold-Chiari

malformation). Conclusion Arnold-chiari malformation (minor).

Pathology — spine and spinal cord

1. Evidence of operative decompression of syringomyelia.

2. Residual syrinx extending from C2 to L1.

3. Spinal cord caudal to site of operation shows extensive atrophy and degeneration.
4

Fibrosis leptomeninges of cauda equina.

Haematoxylin and Eosin

Macroscopic findings On post-mortem examination the dural sac showed fibrous scarring in the
upper thoracic region. The spinal cord proximal and caudal to the scar tissue was abnormal with
apparent separation of the dorsal white matter columns in the midline. There was arachnoid fibrosis
of the lumbosacral and cauda equina regions and adhesions of the arachnoid to the dura mater with
partial obliteration of the subdural space. The nerve roots of the cauda equina were matted together
and could not be separated. Segmental sections of the spinal cord through the area of scarring

revealed three cross sections of small silastic catheters in the midline region with extensive atrophy
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and scarring of the adjacent spinal cord, more on the left side than on the right. A slit-like central
syrinx, partially obliterated, extended from the upper end of the site of scarring to the C2 level. A
metal clip was embedded in the dura mater on the dorsal surface adjacent to the region of maximal
fibrosis. At the C2 level the syrinx was most evident in the region of the right dorsal white matter
column. The spinal cord distal to the site of operation was atrophied down to the level of the
lumbo-sacral enlargement. The cord appears narrowed in the antero-posterior plane. A

macroscopically visible cavity is found in all segments.

Microscopic findings At the caudal scar there are few glia and no neurons present. At C4 (N29)
there is a loss of anterior horn cells and a syrinx in the central cord. At C5 (N30) there is a loss of
AHCs more severe on one side. A large syrinx occupies the central cord. At C6 (N31) there syrinx
is smaller and lined partially by ependymal cells. There is a loss of AHCs but preservation of glia.
Subtotal loss AHCs at T7 (N11) with atrophy of the posterior cord. In addition there is a small
region of cystic change in the posterolateral cord on one side. At L4 (N20) and S2 (N23) there is

red cell change but no other abnormality.

Weil There is pallor of the lateral corticospinal tract at L4 and S2 in association with atrophy of the

white matter.

Immunohistochemical results

CASE 21 — Syringomyelia series — Immunological positivity (+) in glial, axonal or neuronal
profiles:

Level ~APP  Casp-3 DNA- PARP Bcl-2 Fas  Casp-9 TUNEL  Amy-33 CMAP AIF

PKcs
C6 + - + + - - - + + + +
T7 + - + + - - - + - + +
L4 + + + + + +
S2 + - - - - - - - + + +

* Shaded rows represent the site of compression

APP Equivocal staining within neurons. Immunonegative in glia. Immunopositive in neuronal

cytoplasm. Non-specific immunopositivity rarely present along the syrinx border.

Active caspase-3 There is rare cytoplasmic staining within cells of unknown origin.

Immunonegative in axons and neurons.
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DNA-PKcs Immunopositive glial nuclei are found at C6 and T7 (N31, N11). This staining is
frequently found in cells near the anterior and posterior nerve roots. Immunopositivity is seen in
the neuronal cytoplasm at C6 (N31). Negative in axons. No immunopositive staining is present at
L4 and S2.

PARP Immunopositive glial nuclei are found throughout the cord in all segments except S2 (N23),
particularly in the subpial region, however in fewer numbers than was found using the DNA-PKcs
antibody. These immunopositive cells have the morphology of oligodendrocytes. Staining was

found in cells of the anterior and posterior nerve roots. Negative in axons, neurons.

Bcl-2 Intracytoplasmic immunopositivity is seen at C6 (N31) lining the syrinx, suggestive of

ependymal cells. There was no glial, neuronal or axonal immunoreacitvity.

Fas Non-reactive.

Caspase-9 Rare cytoplasmic staining is seen in unidentified cells surrounding the syrinx. In
addition there is rare, non-specific staining of spherical profiles in the white matter and nerve roots.

Negative in neurons, glia and axons.

TUNEL Negative in axons. Negative within glia at T7 (N11). Glial and neuronal immunopositivity
is seen at C6 (N31).

CMAP Heterogeneous staining was present in neurons, glia, axons and ependymal cells.

Amy-33 amyloid beta Negative in segment T7 (N11). Immunopositivity is seen in the neuronal

cytoplasm at L4 (N20) as well as non-specific granular staining similar in appearance to neuritic
plagues. There is neuronal cytoplasmic staining at C6 (N31). At S2 (N23) there is neuronal

cytoplasmic staining.

University of Melbourne amyloid-beta Negative.

DAKO amyloid-beta Negative.

AIF There is immunopositivity within the cytoplasm of oligodendrocytes, astrocytes and neurons

in all segments.
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Timeline of clinical progression

Birth 1914

Death 1988

Arnold-chiari
malformation

Surgical
decompression —
Residual syrinx C2-
T1

Restrictive
airways disease

Cause of death
cardiac failure
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Spatial Distribution of Staining — Case 21

Case: 21 Case: 21
Amy-33 Haematoxylin and eosin
Sections: Sections:
a) At the level of the syrinx - Ce a) At the level of the syrinx - C6
b) At the level of the syrinx - T7 b) At the level of the syrinx - T7
b) Three levels below syrinx - L4 b) Three levels below syrinx - 4
a) a)
b) b)
<)
<)
Case: 21 Case: 21
APP DNA-PKcs
Sections: Sections:
a) At the level of the syrinx - C6 a) At the level of the syrinx - Cc6
b) At the level of the syrinx - T7 b) At the level of the s - T7
b) Three levels below syrinx - L4 b) Three levels below - L4
a) a)
b) b) l
<)
€}
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Spatial Distribution of Staining — Case 21

Case: 21 Case: 21
PARP TUNEL
Sections: Sections:
a) At the level of the syrinx ; c6 a) At the level of the syrinx - 6
b) At the level of the syrinx - T7 b) At the level of the syrinx - 7
b) Three levels below syrinx L4 b) Three levels below syrinx - L4
a) a)
b) b)
“
<)
<)
Case: 21
AIF 1
Sections:
a) At the level of the syrinx - 6
b) At the level of the syrinx - T7
b) Three levels below syrinx - L4
a)
b)
<)

431



Summary of immunohistochemistry Case 21

Glia: AlIF, PARP, DNA-PKCcs,
TUNEL

Axons: Nil

Neurons: AlF, APP, DNA-PKcs,
TUNEL, Amy-33

7

6

H&E: AHC loss, small syrinx

Glia: AIF, PARP, DNA-PKcs,
TUNEL

Axons: Nil

Neurons: APP, AlF

T7

77
.
.

H&E: AHC loss, syrinx

Glia: AIF, PARP
Axons: Nil

H&E: Red cell change

Neurons: APP, AIF, Amy-33

Neurons: APP, AIF, Amy-33 L4 Weil: Pallor posterior columns
suggesting demyelination
Glia: AIF
Axons: Nil H&E: red cell change
S2

Weil: Pallor posterior columns
suggesting demyelination

Conclusion APP antibody was negative and minimal axonal profiles suggestive of axonal
swellings were seen. This evidence suggests that axonal damage was not a significant feature in the
syringomyelia cases. The immunomarkers active caspase-3 and caspase-9, and antibodies to related
proteins such as Bcl-2 were negative. In contrast, DNA-PKcs and TUNEL staining was present
throughout many white matter tracts, predominantly within the central cord. PARP was

immunopositive in glial nuclei within the white matter. AIF immunopositivity was seen in the

majority of cells.
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