RIEBAGE (158 815 1992
Ewha Med J Vol. 15, No. 1, 1992

Changes of Cytoskeletal System in Neurodegenerative
Disease - Immunohistochemical Characterization of
Neurofibrillary Changes Induced by Mitotic
Spindle Inhibitors™

Heasoo Koo

Department of Pathology, College of Medicine, Ewha Womans University
= Abstract =

In experimental neurogenerative diseases, aluminum(AD intoxication and axotomized sensory
neurons showed an abnormal accumulation of neurofilaments(NF) in the neuronal perikarya.
These NF contain phosphorylated(ph) epitopes that are not detectable in normal perikaryal
NF. Antimitotic drugs also cause accumulations of NF probably by depolymerization of micro-
tubules(MT). The present study was designed to examine immunohistochemical changes of
NFs following administration of antimitotic drugs, which result in accumulation of NFs in
the cell body through a different pathogenetic mechanism than aluminum. Adult rabbits were
injected intracisternally with 25-50 pg of maytansine and maytanprine, two antimitotic agents.
Tissues were obtained from experimental and control animals and processed for histological
and immunocytochemical examinations. Large bundles of NF in the perikarya and proximal
processes of large neurons from experimental animals reacted intensely with monoclonal antibo-
dies(mAb) to ph epitopes of 200 KDa NF subunit as well as with mAb recognizing nonphos-
phorylated(non-ph) NF epitopes. Neuronal perikarya from control animals immunoreacted
only with mAb to non-ph NF. Immunoreaction of Ab to the microtubule associated protein
2(MAP-2) and to tubulin was similar in neurons from experimental and control animals.
No immunoreaction was detected with antibodies to tau proteins. The abnormal presence of
ph epitopes in accumulating NF under different conditions indicate that neurons affected in
different diseases show aberrant phosphorylation of NF proteins associated with functional
impairment.
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Introduction letal components have been recognized in major
degenerative disecase of human central nervous sys-

Alterations of cytoskeletal system such as accu-  tem(CNS)'?, as well as in normal aging® and
mulation and disorganization of neuronal cytoske- in experimental conditions>”. These abnormal fin-
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Table 1. Antibodies

Monoclonal Ab against ph epitopes of 200 kDa subunit of MF: I1:1:1(1) and SMz(2)
Monodonal Ab against non-ph epitope of doublet 200 and 145 kDa subunits of NFs : SMs3(2)
Anti-tubulin ; Tyrosinated and detyrosinated ¢-tubulin(3)

Anti-MAP-2 : Kosik MAP-2 mouse 5Fs-H o-15(4)
Anti-tau . Kirshner(5) and Connolly(6)

(1) Banbury Report(In press)
(2) Sternberger-Meyer Inc
(3) Cell 38 :779-789

dings had been intensively studied by light and ele-
cetron microscope. With the development of immu-
nohistochemistry, monoclonal antibodies specifica-
lly recognizing the ph epitopes of each subclasses
of NF have been available for investigation of the
distribution of the ph NF in normal and diseased
conditions®!?,

Aluminum salts intoxication and axotomy have
been used as model to produce and understand
the abnormal accumulation and phosphorylation
of NFs¥911), The antimitotic drugs, Maytansine
(MYT) and Maytanprine(MYTPR), known to in-
duce specific injuries of tubulin-microtubule system
by binding to tubulin, are also known to induce
neurofibrillary changes in vivo and in neuronal cul-
tures”12). T have tried to evaluate immunohistoche-
mically the distribution of epitopes of NFs as well
as other components of cytoskeleltal system in anti-
mitotic drug injected animals.

Material and Method

Adult New Zealand albino rabbits, weighing 3.0~
3.5kg, were used. MYT 50pg or 25pg in 100ml of
Ringer solution were administered to 4 and 3 rab-
bits respectively by injection into the cisterna ma-
gna. Three control animals were injected with 50ml
of Ringer’s solution. The animals were sacrificed
at various times between 66 and 96 hours after inje-
ction by intracardiac perfusion with 1.5% formalin
with 025% glutaraldehyde in 0.1M sodium cacody-
late buffer(pH 7.35). Brain and spinal cord were
dissected and postfixed in the fixative used for per-

(4) Proc Natl Acad Sci USA 83 . 4044-4048
(5) J Cell Biol 98 : 1090-1097
(6) Exp Cell Res 127 : 341-850

fusion. The tissue blocks were processed for paraffin
embedding.

Sections cut 5~7um thick were stained with He-
matoxylin and Eosin and Bodian’s silver stain or
processed for immunostaining with peroxidase-anti-
peroxidase method described by Sternberger et al®.
The following antibodies were used : 1) two mAbs
directed against ph epitope of 200 KDa subunit
of the NF(1:1:1 and SM34), 2) mAb to non-
ph epitope of doublet 200 and 145 KDa subunits
of NFs(SM33). Selected sections were stained with
various antibodies . anti-tau, anti-MAP-2, and anti-
tubulin(Table 1).

Results

Compare to the controls, animals injected with
MYT and MYTPR showed accumulation of NF
bundles in both neuronal cell bodies and proximal
segments of neuronal processes in brain stem and
upper spinal cord(Fig, 1). MYT and MYTPR indu-
ced NF appeared as tangled masses distending and
distorting the perikarya and proximal portion of
neuronal processes. Antibodies to ph NF did not
stain neuronal perikarya nor their proximal portion
of neuronal processes in control animals but reacted
with distal portion of neuronal processes(Fig. 2A).
In MYT and MYTPR treated animals, the antibo-
dies to ph NF stained perikarya of neurons contai-
ning accumulated NF bundles(Fig. 2B). Neurons
without NF accumulation showed staining of proxi-
mal segments of their processes and weak or no
perikaryal staining with the antibodies to ph NFs.



Fig. 1. Accumulation of neurofilament bundles in neuronal perikarya(b) and proximal segment of neuronal
processes(*) (H-E, X100 original magnification) ;

Inset : Tangled neurofilament bundles(b) distending and distorting the perikarya and proximal portion of
neuronal process (Bodian’s silver stain, x100 original magnification)

Fig. 2. Immunostain with anti-ph NF antibody (PAP, X100 original magnification)

A(Control) : Negative reaction in neuronal cell body(N) and positive reaction in distal portion of neuronal
processes (Arrows)

B(MYT-treated) : Positive reaction in neurofilament bundles in neuronal perikarya and proximal portion
of neuronal processes(*)



Fig. 3. Immunostain with anti-non-ph NF antibody (PAP, X100 original magnification)

A(Control) : Positive reaction of neuronal perikarya and processes

B(MYT-treated) : Positive reaction in neurofilament bundles(b) in neuronal perikarya and processes
n ; nucleus

Fig. 4. Immunostain with anti-tubulin antibody (PAP, X40 original magnification)
: Similar reaction in control(A) and MYT-treated cases(B)



The antibody to non-ph NF stained all neurons
in controls and MYT and MYTPR treated animals
regardless of presence of acumulated NF bundles
(Fig. 3A and 3B). Antibodies to tubulin and MAP-
2 showed similar reaction in controls and MYT
and MYTPR treated animals(Fig. 4). No immuno-
reaction was noted with antibodies to tau proteins.

Discussion

Neurofilaments are a major component of neuro-
nal cytoskeleton and are composed of three distinct
polypeptides with approximate molecular mass of
68, 145, and 200 KDa subunit (NF-H200, NF-M150,
and NF-L68, respectively)!®'¥. The central core
of the NFs is enriched in the NF-L, whereas perio-
dic side arms contain the NF-H. Each of the three
subunits is coded by separate genes on murine ch-
romosome 8. In humans, NF-L and NF-M genes
are located on chromosome 8, whereas NF-H is
found on chromosome 22!¥. Difference in the re-
gulation of genes coding for each subunit could
influence NF structure that could affect NF phos-
phorylation, transport, and ultimate function!®1”.

NFs are synthesized and assembled in neuronal
perikarya, assembled into a filamentous form, and
transported distally through the axons with slow
component a(SCa) of axonal transport!®. During
the axonal transportation phosphorylation of NFs
occurs at multiple sites!®. Consequently, in normal
neurons the ph epitopes of NF proteins are present
exclusively in axons and non-ph epitopes are widely
distributed in perikarya, dendrites and axons. Most
of the phosphorylation is of the two high molecular
weight subunits(145 and 200 KDa). These carboxy-
terminal domains have been shown to form the
side arm projections that connect NFs with each
other and NFs and MT to produce a cross-linked
matrix of cytoskeleton'¥. NFs comigrate with MT
in a NF-MT superstructure in which side arms
made of NFs and other proteins connect NFs and
MT in a tridimensional meshwork?®. It has been

shown that the phosphorylation of NFs results in
their conformational and antigenic changes'¥. Le-
wis and Nixon?" showed that the phosphorylation
of NF protein in optic axons advanced in associa-
tion with the transition of NF from moving to sta-
tionary forms. Based on this data, they suggested
a hypothesis that the progressive phosphorylation
of the tail domain facilitates the radial projection
of side arms to favor interactions with axonal ele-
ments.

The present study, showing that ph NF proteins
accumulate in the perikarya, demonstrates that an~
timitotic drugs are associated with changes in the
processing of NFs within perikarya. Maytansinoids
have a specific affinity to tubulin and induce disru-
ption of cytoplasmic microtubules, block axoplas-
mic transport, and induce an accumulation of 10
nm filaments”. MYT appears to share a binding
site on the tubulin molecule with vincristine, howe-
ver, it has been also hypothesized that an additional
binding site specific for MYT exits?®. Pathogenetic
mechanisms for accumulation of NF after adminis-
tration of Maytansinoids could be hypothesized as
an increased synthesis of NF proteins, and enhan-
ced assembly of NFs from preexisting protein, or
a reduction in NF breakdown. Increased synthesis
of NF proteins can be examined using labeled
cDNA probes to quantitate NF mRNAs on No-
thern blots and in situ hybridization preparations®.
The presence of ph epitopes of NFs in perikarya
could result from several mechanisms. NF proteins
retained in perikarya could be aberrantly phospho-
rylated. On the other hand, NF proteins may be-
come phosphorylated in perikarya and have greater
difficulty being transported with slow axonal trans-
port system. Therefore, the perikaryal ph NFs may
be retained there for a longer period of time and
thus increase the cytoplasmic volume of the neu-
rons affected by various disease. This finding sugge-
sts that the abnormal posttranslational modification
of the NFs may play an important role in the peri-
karyal and axonal swellings.



The abnormal occurrence of ph NFs in neuronal
perikarya or in proximal axonal segments and den-
drites has been documented in other experimental
disorders. Rabbits intoxicated with Al salt develo-
ped reversible accumulation of ph NFs in perikarya
and proximal axons®1V1229, Several pathogenic
mechanism have been suggested to explain this ob-
servation - increased synthesis of NFs, decreased
degradation of NFs or alternatively a primary effect
on other elements of neuronal cytoskeleton with
secondary involvement of NFs. Impairment of axo-
nal transport had been considered as the most like
pathogenic mechanism?>, NF transport appears to
be selectively blocked in the peripheral axons 5~10
mm from the medulla. Selective impairment of NFs
transport indicated to a direct action of Al on NF
proteins or on other proteins involved in NF trans-
port rather than to a general toxic effect. Recently,
Muma et al?® showed normal rate of axonal NF
transport in Al toxicity. In addition, chronically in-
toxicated animal with acrylamide showed ph NF
protein in perikarya of dorsal root ganglia?”. In
their model, the alterations in axonal transport may
reflect a regenerative response of nerve cells whose
distal axons are undergoing degeneration. Ph NFs
have been also noted in motor neurons and dorsal
root ganglia sonsory neurons following sciatic nerve
injury?® as well as in nerve transsection®. Similar
patterns of NF immunoractivity was also described
in perikarya of retinal ganglion cells following tran-
section of optic nerve’?.

Abnormal distribution of NF immunoreactivity
have been also noticed in neurons in major human
CNS degenerative disease. In AD, ph epitopes of
NF are described in neurofibrillary tangles in a
variety of cell populations including hippocampal
pyramidal neurons®”. In Parkinson’s disease, peri-
karya of dopaminergic neurons in the substantia
nigra showed Lewy bodies containing ph NFs32,
Several reports demonstrated that ph NFs are ab-
normally increased in the perikarya and axons of
anterior horn motor neurons of sporadic and fami-

lial ALS®®, In addition, similar findings were desc-
ribed in infantile neurodegenerative diseases¥,
some neurodegenerative disease’, and sponta-
neously occurring animal disorders®®, as well as
in swollen cortical neurons in Creutzfeldt-Jakob di-
sease’”. It is not yet known whether these abnor-
malities in human neurodegenerative disease repre-
sent primary cytoskeletal pathology or abnormal
response to axonal degeneration.

NFT of AD and Lewy body of Parkinson’s di-
sease showed MAP-2 and ubiquitin positivity.
MAP-1 and tubulin were positive only in Lewy
body and tau reported to be positive in NFT¥#40),
The meaning of these positive reactions are not
yet known. The present study showed similar reac-
tions in experimental and control animals with anti-
tubulin, MAP-2, and tau antibodies. Further studies
with better defined antibodies may give the different
results and may help to understand biochemistry
of neuronal degeneration.

Conclusion

The present study showing the presence of ph
NF proteins in perikarya and proximal cell proces-
ses demonstrates that similar abnormalities occu-
ring in different pathogenetic conditions. In human
disease, it is not clear whether theses abnormalities
represent primary cytoskeletal pathology or abnor-
mal response to degenerative changes of axon. But,
the abnormal presence of ph epitopes in NF accu-
mulating in several different experimental condi-
tions suggest that abnormal phosphorylation of NF
is undoubtedly associated with alterations in NF
biology and altered functions of affected neurons.
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