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Chapter 3
The nature of the inclusion

  Since its discovery in 1997 in the R6 mice (Davies et al. 1997) and in the human 

postmortem tissue (DiFiglia et al. 1997) the structure termed the neuronal 

intranuclear inclusion (NII) or more simply the inclusion has changed the 

whole field of neuropathology.  Protein deposits such as the TAU tangles in 

Alzheimer’s disease and the Lewy bodies seen in Parkinson’s disease have been 

known to exist but the identification of the inclusion brought home the idea that 

accumulations of proteins may lie at the heart of all neural dysfunction and 

disease.  The process by which these aggregates evolve into the large and often 

indestructible structures remains unknown and perhaps the prevention of this 

process may hold the key to therapeutics halting the disease process.

3.1. Mangiarini/Bates Transgenic R6 Models

  It is befitting that the investigations into the nature of the inclusion begin in 

the model in which it was first found and characterised, the R6/2.  Inclusions 

were visualised using immunocytochemistry with antibodies raised against 

proteins known to be present in the inclusion (from previous studies), during 

the process of its formation and maturation.  Initial early staining was a diffuse 

nuclear staining that seemed to disappear when inclusions appeared.
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                     2 weeks                       4 weeks           8 weeks        17 weeks

Figure 3.1:  Drawings of neurons showing evolution of the inclusion as seen in the R6/2 mice 
x100 magnification using a camera lucida.  The upper row of neurons is from the cortex and the 
lower row from the striatum.



  Closer studies of these inclusions revealed that they did not always occur as a 

singular structure in the nucleus, but were also seen in the processes of the 

neurons as smaller accumulations of protein often referred to as DNIs.  In this 

study it was found that with EM48 antibody (see Table 2.1) small punctate 

staining or microaggregates were seen within the nucleus, at early time points 

of 3-4 weeks.  It could be speculated that these coalesce together to form a single 

inclusion in the nucleus at later time points.  These were typically around 5-6 

microaggregates, which appeared to be in a circular arrangement distributed 

within the nucleoplasm.  One primary aggregate appeared to be getting larger 

than the others and would become positioned quite centrally in the nucleus at 

around 4-5 weeks, and at 6 weeks the smaller microaggregate ring is gone 

leaving behind an NII.  The inclusion gets larger until at end stage around 17 

weeks there is only a thin rim of nucleoplasm and the NII takes up most of the 

space in the nucleus.
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Figure 3.2:  These findings were used to put together a characterisation scale, which would 
enable quick and easy identification of the stage of pathology present thereby making all the 
neuropathology comparable and simplifying the description of the appearance of the neuron.
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Figure 3.3:  Anti htt staining using various antibodies in R6/2 (above) and R6/1 (below).  This 
figure shows the stark differences between EM48 which shows good extensive staining, 1C2 
which has no staining of inclusions (and therefore left out of R6/1 study) and Agg which has 
excessive staining of the nuclei and the inclusions.  For further information on the antibodies 
please see Table 2.1.

R6/1



  There are various antibodies raised against htt which have been compared in 

Figure 3.3 (on the previous page) and shows quite convincingly that staining 

patterns they produce are quite varied,  The antibody EM48 gives the most 

concise inclusion staining of those used, staining inclusions reliably in all 

regions, which is why it is used extensively throughout this study (see Table 2.1 

for all the antibodies used their epitopes and sources).  Interestingly in this 

model inclusions are found in all three regions sampled, cortex, striatum and 

cerebellum.  The development of inclusions is covered in the morphometric 

analysis shown in Figure 3.4 and 3.5 for the R6/1 data as the R6 models are 

most suited to a longitudinal study of this nature and are able to give some 

insight into the possible processes at work in the formation of these structures.

  The inclusion patterns in the R6/1 model appears to follow that of the R6/2 

quite closely, at end stage of the disease quite large inclusions are found in all 

three regions sampled in this study.  Again the most reliable staining was 

achieved with EM48.  Similarly the AB1 antibody does not stain all inclusions 

seen by EM48 and Agg has extensive staining of the nuclei and inclusions.  

What is remarkable is that the appearance of end stage disease is the same even 

though the time frame of disease progression is so very different in the two R6 

lines with pathology setting in in a number of weeks in the R6/2 and in several 

months in the R6/1.

  Once the inclusions have formed they appeared to be increasing in size as the 

disease progresses, this could only be quantified by morphometric analysis the 

method of which has been outlined in Chapter 2.  However just the changes in 

the size of the inclusion would not really yield much correlative data therefore 

they have been compared to the changes in the somal areas which have been 

dealt with in more detail in the next chapter.  
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Figure 3.4:  Graphs showing the areas of NIIs in cortex and striatum in relation to each other and to 
somal areas of both regions in the R6/2 model.  For numbers of animals, cells and NIIs measured please 
see Methods chapter section 2.5 on page 52, for statistical analysis of the inclusion sizes see summary 
section 3.4 on page 79, and for cell sizes see section 5.1 on page 117 in the Morphometry chapter.
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  Morphometric analysis on the NII by measuring their areas gave some 

interesting results, as was expected the NIIs increased in area as the age of the 

mice increased.  But what was interesting was the pattern of the growing NII 

was found to be different in the cortex and the striatum, in the cortex the growth 

was more linear whereas in the striatum it appeared to be in step-like fashion 

perhaps suggesting that the method of NII formation may be different in the 

two regions.  Generally it was also found that the NII makes its debut when the 

somal area is at its peak in both cortex and striatum, after this point there is the 

marked decline of neuronal somal area and the growth of the NII, suggesting 

that this is an important time point in the disease progression.  Additionally it 

should be mentioned that the NIIs in the striatum never reach the size of those 

in cortex perhaps they are restricted by the size of the nucleus in which they 

form, or perhaps it is a temporal development and as those in the cortex appear 

first they have more time to grow and develop.  This idea remains currently 

unexplored but it would be interesting to transfect an immortal cell line and see 

if the inclusion grows indefinitely until there is no more physical space for it in 

the nucleus, or would the cell die before this point is reached.

  Similar morphometric analysis was undertaken on the R6/1 line as well and 

yielded similar results (see Figure 3.5).  Cortical NIIs were found to be larger 

than those in the striatum as was also seen in the R6/2 mice.  The cortical NIIs 

were found to be more ‘stepped’ in the R6/1 studies and mirrored the striatal 

NIIs in pattern.  However the relationship between neuronal somal areas and 

the NII area was less clear in the R6/1 line than in the R6/2, it was not as 

apparent that the NII made its first appearance at the same time point as when 

the somal areas began their descent and showed signs of shrinkage.  This effect 

was more apparent in the cortex than in the striatum for some reason.  Also the 

largest cortical inclusion area was not as large as those seen in the R6/2 

measurements which would suggest that the disease progression is more 

pathologically aggressive in the R6/2 model in line with the phenotype.
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Figure 3.5:  Graphs showing the areas of NIIs in cortex and striatum in relation to each other and to 
somal areas of both regions in the R6/1 model.  For numbers of animals, cells and NIIs measured please 
see Methods chapter section 2.5 on page 52, for statistical analysis of the inclusion sizes see summary 
section 3.4 on page 79, and for cell sizes see section 5.1 on page 121 in the Morphometry chapter.
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  From the data already obtained from the morphometric analysis of the NII it 

was possible to work out mathematically the volume and surface area in an 

attempt to explicate the mode of aggregation and see whether it was possibly 

following a mathematical model.  This work was suggested by Max Perutz who 

was convinced that a precise formula would hold the key, unfortunately he was 

unable to comment on these results before his demise.

  The following graphs show the results of this work to see if there was a 

relationship between the volume and surface areas of cortical and striatal 

neurons in the R6 lines.
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Figure 3.7:  Graphs showing the volume and 
surface areas of NIIs in cortical and striatal neurons 
in the R6/1 model.

Figure 3.6:  Graphs showing the volume and 
surface areas of NIIs in cortical and striatal 
neurons in the R6/2 model.



  At first glance these graphs do not show a linear increase as was expected to 

show that the growth of the inclusion occurs at a steady rate throughout the 

disease progression, but instead they increase in spurts suggesting that the 

growth is occurring sporadically.  However a best fit curve may well bring to 

light a relationship that may be present, but this work was not pursued further.

  The R6 lines exhibit both the species of inclusions and although there are some 

differences such as the shape in some cases and the differences in the 

constituent proteins the one thing they have in common is the accumulation of 

htt which although obvious is nonetheless an important similarity shown very 

clearly in the figure above.  Other EM pictures of these inclusions can be seen in 

the introduction chapter in Figure 1.8 & 1.10.

  Hailed by some as the target for therapeutics and by others as a beneficial 

structure in its own right the jury is still very much out on what exactly the 

inclusion is and why it is formed in these diseases however as the visible 

pathology it has become the touchstone of all in the field.  
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Figure 3.8:  Electron micrographs of neuronal intranuclear inclusions (A) and dystrophic 
neurite inclusions (B) in the R6/2 model.  The inclusions have been stained with a dense 
granular reaction product defining the area of htt immunoreactivity (purple arrows).



3.2. Yamamoto HD94 Conditional Model

  Strikingly a major difference observed in these mice was that the inclusions 

were not present in the nucleus as in the other two models but seemed to be 

exclusively in the neurites.  It is surprising to observe DNIs as large as these in 

size as they can easily be confused with NIIs and red blood cells commonly 

seen in badly perfused animals.  Additionally, and rather disappointingly, there 

appeared to be little difference between the animals studied at 18 weeks and 

those studied at 36 weeks of age, and those treated with DOX and those not.  

For these reasons a temporal study of this model was not carried out.
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Figure 3.9:  These photographs taken at x40 magnification all show the wide range of 
inclusion size and shape seen in the HD94 model stained with Agg antibody.  Panel A shows an 
area of the cortex (top right corner) corpus callosum (band running from top left corner to bottom 
right corner) and the dorsal striatum (bottom left corner).  Panel B shows a section of cortex and 
panel C shows a similar section but with diffraction interface optics (DIC) to highlight the 
inclusions further.



  Another unexpected finding in this model was the complete lack of inclusions 

seen in the striatum, some small DNIs were seen in the dorsal region but not 

throughout.  Striatal inclusions follow cortical ones in the R6 model a similar 

pattern appears to be in effect in this model occurring in primarily in the cortex 

followed by fewer inclusions in the striatum.  However since transgene 

expression is regulated by a forebrain specific promoter inclusions are never 

found in the cerebellum.
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Figure 3.11:  This montage of photographs shows the largest inclusions seen in the cortex.  
Panel A, C, D, E and J are taken at a magnification of x40 and show some diffuse cytoplasmic 
(red arrows)and nuclear (blue arrows) staining of neurons with EM48.  Panel B is at a lower 
magnification of x20.  All of these photographs show inclusions of a large size and not very 
spherical in nature such as those previously seen in the R6/2 model.  Panels F and G are taken 
at x100 with an oil immersion lens with phase optics to emphasise the giant inclusions seen.  
Panels H and I are also taken at x100 with an oil immersion lens and have additionally been 
enlarged using software to emphasise the DNIs very much present within the cytoplasm.

Figure 3.10:  Photograph of a section of 
striatum taken at magnification of x40 to show 
typical staining of this region in this model, 
there is some diffuse nuclear staining (blue 
arrow) of the EM48 antibody, seen more in 
some neurons than others with the 
accompanying pale unstained areas of the 
nucleolus within.  Some small DNIs (green 
arrow) are present but no NIIs are seen.



  It is unexpected to have neurite pathology without any nuclear pathology as it 

is mostly thought that the NII gives rise to DNI (Gutekunst et al. 1999 & Li et al. 

2001), other schools of thought suggest that the DNIs precede the NIIs and so 

support the converse however most researchers agree that both species occur 

together, therefore it appears that the pathological process in these mice is 

decidedly different to that of the R6 lines and the Shelbourne knock-in mice.

  When the inclusions in this model were stained using different antibodies 

raised against htt they seemed to follow the similar pattern as in the R6 models 

with EM48 showing up the inclusions the clearest, Figures 3.9 and 3.10 above 

show this comparison with well defined inclusions in both of both NII and DNI 

varieties.  AB1 (see Table 2.1 in Chapter 2 for details) does not appear to show 

the inclusions to the same extent, and Agg seems to stain them more 

extensively.  Overall there was very little staining of inclusions in the striatum, 

there were some very small clusters found occasionally, however it is safe to say 

that the pathology is mainly in the cortex in this particular model.  These 

changes are summarised in Figure 3.13 overleaf.
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Figure 3.12:  Panel A shows EM48 staining of HD94 mouse cortex at fairly low power x20 light 
microscope, neuritic inclusions can be clearly seen.  Some of the larger inclusions seem to look 
like NIIs but actually are DNIs when focused clearly.  Panel B shows a low power x20 light 
microscope photograph of EM48 staining of NIIs in R6/2 mouse cortex.  The NIIs are seen as 
clearly defined  circular structures in the nucleii.



  However after actively looking for nuclear inclusions in this model one 

definite candidate was found, but this was a rarity as nearly all of the serial 

sections of brain did not contain them.  Also quite disappointingly the vast 

numbers of DNIs shown with immunocytochemistry are quite difficult to find 

in toluidine blue stained sections and consequently at EM.
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Figure 3.13:  Anti htt staining using various antibodies (see Table 2.1 in Chapter 2 for more 
details) in the striatum and cortex of the HD94 model.  This model uses a forebrain specific 
promoter which is why no pathology is seen in the cerebellum.

Figure 3.14:  Semi-thin Toluidine blue stained 1μm 
section of cortex from an HD94 mouse of 36 weeks of 
age showing a nucleus containing a nucleolus 
(purple arrow, dark structure towards the bottom of 
the nucleus) and the NII (maroon arrow, pale circular 
structure towards the top of the nucleus) flanked on 
both sides by a Cajal body (dark blue arrows, two 
small dark spots



  The photographs of the cortical brain sections in Figures 3.12 show the 

difference in the DNI staining in the HD94 model in contrast with the NIIs in 

the R6/2 model, notice how large the DNIs are compared with the NIIs, also it 

is interesting to note that there is such a wide range of DNI sizes and most NIIs 

appear to be of a similar size throughout the section.

  Sampling inclusion areas in this model was more complex than the other 

models as an overall average would not show the wide ranges of sizes that this 

model exhibits, therefore they have been shown as numbers of inclusions in 

bins of 5μm² each.  The majority of inclusions fall in the 5-10μm² bin as Figure 

3.14 shows, when taken into context of the R6 model where most inclusions are 

0-5μm² in size this data shows firmly that the inclusions in this model are very 

much larger on average, this can also be noticed in the low power photographs 

in Figures 3.9 and 3.10.  Some of the inclusions are around three times bigger 

than those seen in R6 neurons at the end stage of the disease progression which 

begs the question of consequential pathology, these aggregates must be have 

some impact on the neurons they are in.
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DNI areas in the cortical neurones of the HD94 model
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Figure 3.15:  Graph showing the variation in areas of cortical inclusions in the HD94 model, 
seen in six animals of 36 weeks of age.
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Figure 3.16:  Electron micrographs of dystrophic neurite inclusions (dni) of which many 
examples can be found in the cortex in the HD94 model.  Some of these inclusions are at 
synaptic terminals and the vesicles of neurotransmitters can be easily seen (purple arrows) in all 
panels.  However neuronal intranuclear inclusions have been harder to locate and the only one 
seen in this study is in Figure 3.12 earlier in this section, more have been observed at EM studies 
(A. Raza, M. Turmaine S.W. Davies E. Slavik Smith personal communication).
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3.3. Shelbourne Knock-in Model

  The central pathology in this model is seen in the striatum which showed both 

NIIs and DNIs present, but only DNIs were observed in striatal projection 

regions such as the globus pallidus and the substantia nigra.

  Previous studies have shown at 4 months of age faint and diffuse nuclear 

staining was seen in the striatum, by 7-8 months a few neuropil aggregates are 

seen in the striatum and the lateral globus pallidus.  At 11-12 months there are 

significantly more neuropil aggregates in the striatal projection regions that are 

increased further by 21-24 months and there are large NII in the striatum.  The 

pattern of pathology is seen to be firstly an accumulation of htt in the striatum in 

the form of NIIs and this leading to accumulation in their processes resulting in 

DNIs.  This pattern is distinctly different from that seen in the R6 lines where 

NIIs and DNIs coexist in most regions of the brain, this would suggest also that 

the NII gives rise to DNIs in its processes, however in the HD94 model this is 

definitely not the case.

  In this study I was very fortunate to have access to both the full-length HD80 

mice and mice expressing only a fragment of the gene, these were found to 

behave very differently in terms of inclusions.  Contrary to expectations the 

truncated HD80 contained fewer and smaller inclusions than the full-length, 

which contained robustly stained inclusions in the striatum, preoptic area and 

olfactory tubercle regions.  However despite the slight staining there were some 

inclusions present in the cortex of the truncated model particularly in the 

anterior cingulate cortex area.  The general appearance of the truncated model is 

similar to the HD94 model with inclusions of different sizes peppering the 

section suggesting the presence of both NIIs and DNIs.  Markedly absent of any 

inclusions were the hippocampal CA fields and the piriform cortex.

  Mature NIIs in the striatum of Shelbourne mice do appear to have the morula 

structure when viewed with certain antibodies to htt and ubiquitin.  These 

aggregates are not as large as those seen in the R6/2 mice (please see Figure 3.19 
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later in this chapter) but do appear to be made up of several smaller spheres of 

material.  The same commercially available N-terminal htt antibody which 

shows up this previously only hypothesised structure shows smaller domains 

or bodies to be stained up individually on the nuclear membrane in the LMC 

animals which remains as yet an unexplained result.  At EM using immuno 

gold labelling techniques these structures are shown to be made up of smaller 

round units too suggesting that the structure may indeed be quite distinct and 

not just showing up as novel staining this way with a new antibody.

  The various antibodies to htt showed once again that EM48 and the N-terminal 

Santa Cruz N-terminal antibody highlight the inclusions most reliably, however 

in this model the inclusions are quite small in comparison with the large 

inclusions seen at end stage in the other models.  Agg antibody appears once 

again to be staining larger inclusions.
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Figure 3.17:  Immunostaining patterns in striatum of various htt antibodies in the full length 
and the integrated fragment HD80 models, seen in six animals of 29 months of age.



  The morphometric analysis of the inclusions in the HD80 model shows the 

differences in the model between the full length and the fragment versions of 

this model which shows that the full length appear to have larger more mature 

inclusions than the fragment.  This was quite a surprise as the fragment was 

thought to have more of an effect on the pathology, especially as the R6 models 

are a result of an integrated fragment and express such an aggressive disease 

pathology.  However the fragment version does appear to exert more of an 

effect on the somal areas which are markedly smaller.
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Areas of NIIs in striatal neurones in the HD80 model

0

0.5

1

1.5

2

2.5

Full length Fragment

A
re

a 
in

 µ
m

2

Graph showing relationship between somal area and NII area in HD80 
striatal neurones 

0

10

20

30

40

50

60

70

80

Full length Fragment Control

A
re

a 
in

 µ
m

2

Striatum Striatal NII

Figure 3.18:  Graphs showing the morphometric analyses of the HD80 model.
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  After a frustrating search for the inclusion, there appears not to be a physical 

structure that can be seen at the EM level despite there being one at LM with 

antibodies to htt (as seen in Figure 3.16).  With the aid of immuno-gold labelling 

a circular structure can be discerned but cannot be seen without this staining 

which suggests that it may be immature in nature and lack some mature 

structure that enables inclusions in the other models studied to be seen.  

Additionally DNIs have also been reported in this model and have been seen at 

LM in this study however these too remain elusive at EM.
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Figure 3.19:  Photographs showing example of the inclusions which can be found in the HD80 
model.  Panel A shows the hypothesized raspberry structure of the NII made up of lots of 
smaller round subunits, this has been enlarged using computer software.  Panel B shows a 
central NII and several smaller DNIs in the cytoplasm.  Panel C shows an NII however the 
smaller subunits are less apparent in this photograph.  Panel D shows a large DNI and some 
smaller ones within the cytoplasm.  All these photographs are taken from sections of full length 
HD80 striatum stained with htt antibody viewed x100 using an oil immersion lens with phase 
optics.



3.4. Summary of results

  The morphometric data of the NII in all three models investigated in this study 

shows that the NII increases in size with age.  This seems to occur in a linear 

fashion in the cortex and a more stepped one in the striatum of the R6 models 

with more rapid increase in size in the R6/2 model than the R6/1 line.  The 

Shelbourne model at the end of murine lifespan at around 30 months of age 

shows that the NIIs contained in the striatum are relatively immature and are 

the same size as inclusions found in the R6/2 mice at 6.5 weeks and 28 weeks in 

the R6/1 mice.  Both these time points correspond to a presymptomatic state in 

the time course of the disease in the R6 lines suggesting that in this case the 

aggregates may be forming and growing in real time and not biological time.  

That is to say that an aggregate resulting from a certain polyglutamine repeat 

size will take the same amount of time to form and grow regardless of whether 

it is doing so in a human or mouse system and not at a certain age relative to 

the lifespan of the organism with end stage being within this time frame.  The 

Shelbourne mice incorporate a human repeat length into the endogenous 

mouse gene, thus perhaps causing a diseased state in the mouse which is 

progressing at the same rate as it would in a human patient with a similar 

repeat size, but the life span of 

the mouse appears not 

sufficient to show the entire 

disease pathology.

  The DNIs seen in the 

Yamamoto model were an 

unexpected finding and 

therefore they have not been 

included in the NII data but 

have been dealt with separately earlier in this chapter.  The inclusions were 

found to be much larger and of variable shapes too therefore they were not 
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Table 3.1:  Showing the marked differences in the 
inclusions seen in the models investigated in this study.



added to the summary graphs as they were not really comparable.  However 

these DNIs are remarkable in the extent that they are found in the brain and 

also how little pathology they are correlated with.
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Areas of cortical NIIs in R6/2 and R6/1 models
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Figure 3.20:  Comparative graphs showing the changes in areas of NIIs in the R6/2, R6/1 and 
the Shelbourne models in the striatum and the R6 lines in the cortex.   From 5 weeks onwards the 
NII in the cortex of the R6/2 mouse are significantly larger than the initial inclusions seen at 3-4 
weeks (p<0.001).  From 8-12 weeks the inclusion increases a further 50% in area (p<0.001).  
Similarly the NII in the R6/1 mouse dramatically increase in size following their initial 
appearance at 8-16 weeks (p<0.001) and again increase a further 100% over the next 16 weeks 
(p<0.001).  In contrast striatal NII are significantly larger than the earliest inclusions by 5 weeks 
(p<0.001; 3 weeks versus 5 weeks) and further increase in size up to 8 weeks but show no 
further growth.  Inclusions in the striatum of the R6/1 mouse are significantly large at 32 weeks 
than at either 8 or 16 weeks (p<0.001; 8 weeks versus 32 weeks). ★★★ =p<0.001 Student’s t-test.
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Staining with some antibodies had shown that they there was an annular 

pattern of staining.  Measuring the diameters of the same inclusions stained 

with different antibodies yielded some surprising results, it was observed that 

there was a whole range of differing diameters for the same inclusions.  This 

suggested that perhaps the inclusion had a core structure surrounded by 

concentric shells of different proteins explaining the original observation.  As 

the disease progresses further layers are laid down showing the inclusion to be 

growing.  The elusive inclusion may not be that easy to explain, as it was found 

that proteins recruited relatively late in the disease progression such as 

synuclein are found at the centre of inclusions at the core, and it is highly 

unlikely that it moves through layers of previously laid down protein shells to 

get there.  If the inclusion is indeed made up of lots of smaller aggregates then it 

would be expected that it resemble a structure like a raspberry with lots of 

smaller units making up a larger whole structure.  At both light and electron 

microscopic levels this does not appear to be the case and the individual units 

are not seen.  The inclusion both in the NII and DNI forms appear to be both 

granular and filamentous in nature, furthermore the microaggregates seen at 

earlier time points are not seen at EM suggesting that they are not a physical 

structure but a concentration of protein which is able to react and show up with 

immunocytochemistry.  It is possible that the filaments seen in the inclusion are 

part of the nuclear cytostructural scaffold which may be the machinery used to 

guide the microaggregates together and agglomerate alternatively they could 

be the fibrils of htt forming (Scherzinger et al. 1997 & 1999).  As yet these fibrils 

have not been isolated from brain and are only visualised in in vitro 

experiments and so their exact nature remains unknown.  It would be 

interesting to see if once isolated these fibrils could be decorated with immuno-

gold-EM techniques (Serpell et al. 2000) and whether more can be elucidated 

this way.  When this type of staining was attempted in the R6/2 mice the gold 

particles appear not to be decorating the fibrillar elements of the inclusion but 

appear to be present as clusters throughout the inclusion.  All these possible 
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structures for the inclusion are explored in the following figure showing some 

of the evidence for these ideas.
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Figure 3.21:  Speculative diagram and 
evidence of different structures proposed for 
the inclusion in murine models of HD 
investigated in this study.



  The nature of NIIs and DNIs are quite distinctly different with the NIIs being 

more granular in appearance at EM and the DNIs more fibrous in nature in all 

the models studied this subtle difference is not picked up at LM.  It would 

therefore be quite logical to suggest that their structures are different due to 

difference in the process of aggregation and the evolution of the two types of 

inclusion.  As all three models investigated are quite differently engineered in 

their genetics and this observation is made in all of them gives the weight of 

validity to this observation.

  The fibrous nature of the DNIs however cannot be detected at LM at all and 

EM studies are required to investigate this further.  Additionally there has been 

puzzling results with immunocytochemical studies where the DNIs appear not 

to be immunoreactive to the same antibodies as the NIIs, demonstrating that 

perhaps these two structures are not as alike as first thought. 

  At LM at the highest magnification and with some antibodies that are thought 

to stain the outermost protein structure of the inclusion can give a clue as to the 

nature of the inclusion structure.  In the Shelbourne mouse and the R6/2 mice 

the hypothesised raspberry structure can be discerned with a few antibodies to 

htt and ubiquitin.  It appears that the most information about NIIs would be 

found at the very boundary of LM and EM, which unfortunately cannot as yet 

be done.  However immuno-EM techniques are able to answer some structural 

questions they do not always address those dealing with protein 

concentrations.  Often when these studies are carried out in tandem protein 

concentrations that appear to be a structural body at LM often cannot be 

visualised at EM, suggesting that perhaps these concentrations accumulate and 

are held together by nothing more than protein-protein interactions which 

become incredibly inert as more and more proteins are added.  Eventually they 

are able to sequester away important proteins from carrying out their normal 

functions and render the neuron helpless.
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