
Chapter 7

Neuronal death processes

  Human HD pathology is characterised by the massive amounts of cell death 

and the resultant disappearance of some regions of brain almost completely, 

however the nature of the death processes and their underlying causes remain 

unknown.  Current thinking is that the accumulation of mutant htt overwhelms 

the neuron and initiates the apoptotic process.

  Apoptosis or programmed cell death has long been recognised as the 

mechanism of controlled cell deletion, which plays a major role in the 

regulation of cell populations (Kerr et al. 1972).  The first phase of this process is 

a formation of discrete membrane bound apoptotic bodies containing 

condensations of nuclear and cytoplasmic fragments, which are then ingested 

by other cells where they are seen to be undergoing autolysis within 

phagosomes and are rapidly digested by lysosomal enzymes.  This type of 

death is accompanied by major nuclear changes in the cell but is reliant on the 

functionally intact mitochondria and intact membranes to contain the digestion.  

The shrinkage and now the nuclear changes seen in neurons of HD brains and 

those of the mouse models suggest that there some characteristics of apoptosis 

in the death programme employed in this disease.

  
Figure 7.1:  Scanning electron micrographs of healthy HeLa cells on the left and those 
undergoing apoptosis on the right, notice the severe shrinkage and ‘blebbing’ associated with 
this process.  
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Figure 7.2:  Schematic diagram highlighting the differences between the processes of 
apoptosis and necrosis the two major cell death pathways.
 
  The other major form of cell death is necrosis.  Necrosis involves the changes 

and eventual breakdown of the mitochondria accompanied by the breakdown 

of the cell membrane, however the chromatin structures remain relatively 

intact.  In the adult neuron this type of cell death is a direct result of external 

insults such as physical injury, energy depletion, toxic insults, hypoxia and 

ischemia.  Typically necrosis evokes an inflammatory response leading to cell 

swelling disrupting the nuclear and cytoplasmic components with the 

widespread death of regional groups of cells (Walker et al. 1988).  The 

inflammation usually involves microglia and reactive astrocytes which is also 

seen in autoimmune diseases such as MS (Multiple Sclerosis) AD Alzheimer’s   
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disease) and ALS (Amyotropic Lateral Sclerosis).  This form of death is 

independent of caspase involvement, however the exact mechanism of necrosis 

remains unknown.  What is important to take into account is that the same 

injury may give rise to both apoptosis and necrosis depending on the severity 

of injury, such as in stroke where the core of the injury site undergoes necrosis 

but the peripheral regions of the lesion show the signs of apoptosis.

  Generally necrotic changes are not observed in the HD brain or in those of 

mouse models suggesting that this process alone is not responsible for the large 

amounts of cell death observed at the very end stage of the disease.  However 

there does appear to be elements of neurons swelling in the HD94 model and 

the Purkinje cells of the cerebellum appear to be ‘exploding’ in the R6/2 model, 

suggesting that perhaps there are some changes reminiscent of necrosis in the 

novel death process of HD.  The glial response in the models investigated in 

this study all suggest astrocytosis similar to the response to necrosis.

  What does become apparent is that there are many alternative death pathways 

with some intracellular crosstalk between them giving rise to different 

neurodegeneration mechanisms.  A lot of what is known about death pathways 

is from studies in non-neuronal tissues and cell lines which may not be relevant, 

furthermore not all the molecular players of these pathways have been 

identified.  It is quite likely that there are cell death pathways specific to 

different neuronal populations at different stages of development which are as 

yet uncharacterised.

When postmortem HD brain was examined and found to be smaller than those 

of controls it was originally thought that the reduction in size was due to the 

death of many cells by this process.  Today there are some in the field that still 

maintain that cell death in HD is due to the process of apoptosis, however 

closer inspection of the ultrastructure of dying neurons shows that neuronal 

death in the disease progression is very different in many respects and is a 

novel form of cell death called dark cell degeneration (DCD, Turmaine et al. 

2000).
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7.1. Mangiarini/Bates Transgenic R6 Models

  Neurons undergoing death process can be seen in R6/2 mice towards the end 

stage of the disease and their lifespans from about 14 weeks of age onwards.  In 

the R6/2 mice kept up to 17 weeks of age dying neurons were observed, these 

were also seen in symptomatic R6/1 and R6/5 lines and to a lesser degree in 

asymptomatic or LMC animals.  Dying neurons were predominantly found in 

the anterior cingulate cortex, dorsal striatum and the vermis of the cerebellum.  

Degenerating neurons were detected by enhanced staining semi-thin sections 

with toluidine blue at LM and osmium at EM.  DCD can first be detected in the 

anterior cingulate cortex at around 14 weeks of age, which increase in number 

until 16 weeks after which time they decline.  Analysis shows that most of the 

neurons in this region are dark neurons that persist for several weeks in the area 

as they degenerate.  

Neurons similar in 

appearance can be seen in 

the dorsal pericallosal region 

of the anterior striatum and 

in the Purkinje cell layer of 

the cerebellar vermis.  After 

16 weeks dark neurons can 

be found in the more lateral 

regions of the cortex.
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Figure 7.3:  Camera lucida drawings 
of 1µm toluidine blue stained araldite 
embedded sections through the 
anterior cingulate cortex showing 
distribution of darkened degenerating 
neurons.  Sections are from R6/2 mice 
of 14 weeks, 15 weeks, 16 weeks and 
17 weeks of age.  This method was 
also used to prepare the distribution 
of DCD maps later in this chapter, 
Figures 7.7, 7.10 & 7.14.



  Neurons undergoing degeneration showed both nuclear and cytoplasmic 

condensation with clumping of chromatin, however subcellular organelles such 

as the mitochondria appear to remain intact.  As the degeneration process 

progresses the cell darkens and organelles like the Golgi apparatus and 

mitochondria exhibit transient swelling before condensing down in the final 

stages of cell death.  Both plasma membrane and nuclear membranes are ruffled 

with the nuclear membrane being more extensively invaginated in this form of 

cell death, DCD (Turmaine et al. 2000).  All cells undergoing this type of 

degeneration contain a mature NII and have increased amounts of lipofuscin; 

they do not display any fragmentation or ‘blebbing’.  Adjacent cells appear to 

be completely normal in appearance and unaffected by the neuron undergoing 

degeneration.
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Figure 7.4:  Ultrastructure of a neuronal process (A) and neurons (B-D) undergoing DCD in 
the anterior cingulate cortex in 17 week R6/2 transgenic mice.  Panel A shows a condensed section 
of process (dark purple arrow) which is being skewered by a glial process (blue arrow).Panel C 
shows similar glial interaction (blue arrows) with a neuron which has lots of chromatin 
condensation in the nucleus and a thin rim of cytoplasm.  Panels B and D both show cortical 
neurons with their apical denrites easily identifiable and extensive chromatin condensation 
(turquoise arrows) as well as vacuolation in the cytoplasm (purple arrows).  The NII is easily 
identifiable in panels C and D as the pale structure in the nucleus.
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  DNA fragmentation using terminal deoxynucleotidyltransferase-mediated 

dUTP-biotin nick end labeling (TUNEL) shows up all the DNA strand breaks 

seen in apoptosis.  TUNEL labeling does not appear to label these dark cells 

suggesting that they are not undergoing degeneration via the apoptotic 

pathway.  This method has been used to successfully show that apoptotic 

profiles are present and apoptosis is occurring in 5-7 day old early post-natal 

mouse.

  The drifting CAG repeat size in the R6/2 mice in particular appears to be 

changing the pathology subtly with increasing generations.  Whereas in earlier 

generations dying neurons were infrequent in cortex, striatum and Purkinje cells 

and initially seen at 14-17 weeks, now in recent generations more dying cells are 

seen and there are more neuritic aggregates occurring as early as 12 weeks 
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Figure 7.5:  Examples of degenerating neurons in the right anterior cingulate cortex from an 
R6/1 transgenic mouse.  Panel A shows a neuron undergoing DCD with the characteristic 
scalloped profile, the nuclear content is fragmenting with chromatin condensations (turquoise 
arrow) and cytoplasmic organelles are enlarged or vacuolating (purple arrows).  These features 
are also seen in panels B-D.  There are also glial cells (blue arrows) present in close proximity to 
neurons undergoing DCD.
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onwards. DCD is like apoptosis in some respects, as there appears to be some 

degree of chromatin condensation in both these death pathways.

  Findings in the transgenic mice led to ultrastructural studies in the same 

regions in human postmortem tissue.  Once again dark neurons like those found 

in the R6 mice were found in the anterior cingulate cortex, striatum and the 

Purkinje cell layer in the cerebellum.  The degenerating neurons in human tissue 

were found to contain NIIs and never contain apoptotic bodies or exhibit 

‘blebbing’ of the nucleus or the cytoplasm.  The intracellular organelles appear 

to have good ultrastructural preservation initially, have transient swelling and 

then finally condense down in the latter degenerative stages of neuronal death.

  Closer ultrastructural analysis has shown that perhaps the cell death observed 

in the Purkinje cells is different from that seen in the cortical and striatal cells.  

This idea is suggested as in some micrographs of Purkinje cells it looks like the 

cells have burst leaving scattered remains which are left to be cleared up by the 

immature astrocytes that are often seen in close association with them.  Perhaps 

it may be possible that the exact nature of cell death varies amongst the 

different populations of cells in the HD brain. 

  It has been suggested by Martin Raff (personal communication) that perhaps 

different parts of the cells may degenerate via different death pathways.  

Evidence to support this idea may be seen by looking at the various caspases 

that are activated during the process of cell death in different regions of the 

neuron, in preliminary studies it was found that caspase-9 and caspase-3 were 

found in NIIs and caspase-2 and caspase-6 found in DNIs of R6/2 mice, this 

was also seen in the Hayden mouse model of HD and in human HD brain 

tissue (L.Ellerby personal communication).  These changes in non-apoptotic 

markers may be pointing to a much more important pathology which remains 

to be fully understood.

  EM studies also revealed deposits of lipofuscin, which are normally associated 

with the ageing brain accumulating slowly over time.  It is thought that 

lipofuscin pigments are remnants from lipid peroxidation and are indicators of 
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chronic oxidative stress.  Whorls of this deposit, which is in appearance like 

expanded fingerprints and auto-fluorescent can be seen in the cytoplasm of R6 

brains.  The presence of this substance and the quantity of it appears to correlate 

to a decline in cognitive function, however data to back this up are lacking and 

no causal link is known as yet.  Generally lipofuscin deposits are used as a 

quantifiable way of measuring cellular health in both neuronal and non-

neuronal cells, and its presence in the R6 mice suggests that they are showing 

signs of dysfunction and prematurely ageing.  The definitive study of HD 

patient brains carried out by Roizin (1974) discusses the presence of lipid 

metabolic products and lipid storage bodies associated with the deposits of 

lipofuscin in both cortex and caudate putamen.  Lipofuscin was found to be 

present in many cells with neurons and astrocytes mostly affected, with a dense 

osmiophilic and a vacuolar component some of which appeared to be 

fenestrated.  Amorphous granular and particulate lipid bodies were seen to be 

mostly associated with the deposits of lipofuscin with a few irregularly 

dispersed in the cytoplasm of the cell.

  With the nature of degeneration in the R6 mice discussed and identified as a 

novel process the distribution of dying neurons would be useful to visualise the 

extent and pattern of this DCD in this model.  Looking at the toluidene blue 

stained sections it is apparent that there are not many profiles of dying neurons 

present in these mice, and those that are seen are not in the primary region of 

HD pathology, in the striatum.  This finding points further towards the cell 

death not affecting any one particular population of neurons or following any 

axis in a wave of degeneration.
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Figure 7.6:  Semi thin sections of R6/2 brain stained with toluidine blue to highlight the DCD 
profiles of dying neurons.  Note that oligodendrocytes that are present in the corpus callosum (B)
and striatum (C) normally stain darker with this stain.  Dying neurons in the entorhinal cortex (D)
and those in the pirifom cortex (E).  Neurons in the olfactory tubercle beginning to darken (F).  
R6/1 photos are shown below showing DCD profiles in anterior cingulate cortex (A), striatum (B), 
entorhinal cortex (C), piriform cortex (D) and olfactory tubercle (E).   All photos were taken at x63 
magnification.
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Figure 7.7:  Schematic maps showing the presence of DCD profiles in the R6/2 (above) and 
R6/1 (below) models.  The areas shaded in dark grey are areas of concentrated dying neurons 
and the pale grey areas are areas of moderate cell death.   Beige areas are those with very few 
dying neuron profiles.



  The aggregates are primarily implicated in the HD pathology as the cause of 

all the dysfunction and death that is observed yet this has never been 

correlated.  It is commonly thought that inclusions are the cause of the cell 

death that is observed in both patients and mouse brain tissue, therefore they 

would be found to occur in close time-frame from one another, however this 

has been shown not to be the case in the R6 mice, which showed that there 

appears to be no coinciding patterns suggesting no causative relationship 

between the two.  Neurons are able to exist containing aggregates for some time 

in this particular model without showing any signs of degeneration indicative 

that the degeneration seen may be due to downstream effects of the inclusions 

on nuclear and ultimately cellular function.  The tables that follow summarise 

the findings of the distribution of inclusions and degeneration observed in the 

longitudinal study, it was not possible to include all regions into the table 

therefore only the main areas involved in pathology are shown.
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Table 7.1:  Table showing the correlation of DCD (blue rows with ☠-mild death, ☠☠-
moderate death and ☠☠☠-extensive death) versus the presence of inclusions (green rows ✹-
few inclusions, ✹✹-moderate inclusions and ✹✹✹-extensive inclusions) in the same regions 
of R6/2 brain, to see if they occur together and therefore may be causative to each other.



  One of the regions which are not covered in the table is the entorhinal cortex 

which is a band of cortex situated just superior to the piriform cortex which can 

be seen in Figures 7.6 & 7.7, this region contains many DCD profiles in the R6/2 

and moderate number in the R6/1 but interestingly contains some of the 

earliest inclusions which can be seen in Figure 4.1 in Chapter 4.  The pathology 

whereby areas which form inclusions become regions of DCD concentrations 

after some time has elapsed may be an important observation, the time lag may 

indicate the maturation of the inclusion to become large enough to implement 

pathology but conversely there are areas in the hippocampus which have very 

large inclusions yet exhibit no DCD.  What does become increasingly apparent 

however is that there appears not to be a direct causative link between inclusion 

formation and the presence of DCD profiles suggesting a more complex 

pathological process at work.
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Table 7.2:  Table showing the correlation of DCD (blue rows with ☠-mild death, ☠☠-
moderate death and ☠☠☠-extensive death) versus the presence of inclusions (green rows 
with✹-few inclusions, ✹✹-moderate inclusions and ✹✹✹-extensive inclusions) in the same 
regions of R6/1 brain, to see if they occur together and therefore may be causative to each 
other.



7.2. Yamamoto HD94 Conditional Model

  As there is limited pathology in this model of HD is could quite easily be 

assumed that there would be little or no cell death in these mice, on closer 

inspection this was found to be on the contrary with plenty of cell death 

observed at EM level in the cortex.  However this prevalent cortical cell death 

seen at 40-60 weeks was unusually not seen to be prevalent in the striatum or 

Purkinje cells of the cerebellum.

  The only pathology seen in the HD94 model was extensive neuritic aggregates 

in the cortex with very little found in the striatum and none in the Purkinje cells 

therefore it would seem that these aggregates are more aggressive in nature and 

instigate more neurons to undergo this type of death programme.  In some of 

the R6/2 mice with more neuritic aggregates present there is more observable 

cell death of this type also suggesting that DNIs may be causing this in some 

way.  The HD94 model therefore has plenty of neurons in various stages of 

death.  There are extensive amounts of lipofuscin present in the neurons of 

these brains (see Figure 7.8 panels B and D), a metabolic lipid by-product 

deposited mainly in ageing brains, however it does need to be taken into 

consideration that there is variation within differing cell populations of the 

brain.  It therefore appears that the amounts of lipofuscin deposits in the 

neurons increases with increased amounts of cell death present in the brain, 

suggesting that they may be a by-product of the death process.  Perhaps this 

indicates increased oxidative stress in these brains, more so than in the R6 

brains.  Neurons in this model were shown in the morphometry study in 

Chapter 5 to be swollen, which was a very different observation from the 

shrinkage observed in the other two models and in human material, this may 

indicate that there is a type of necrotic death pathway taking place in these 

cells.  However they do still appear quite similar to the neurons in the other 

models in that they appear condensed and have the same appearance as those 

undergoing DCD.
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Figure 7.8:  Electron micrographs of neurons undergoing DCD in the cortex of the HD94 
model.  Panel A shows a cortical neuron undergoing DCD with characteristic scalloped profile 
showing enlarged cisternae of the Golgi apparatus (purple arrows)and some liopofuscin (teal 
arrow), panel B shows a process also undergoing DCD (dark purple arrow).  Panel C shows 
two astrocytes (blue arrows) and a neuron undergoing DCD (maroon arrow).  Panel D shows a 
microglial cell containing debris from nearby dying cells (green arrow) which is similar to 
condensations of aging pigments such as lipofuscin (teal arrows) in the cytoplasm, more of this 
pigment is seen in the neuropil (teal arrow) in panel E also.  A neuronal intranuclear inclusion 
is absent from these DCD neurons, the only one seen in this study was at LM Figure 3.11 in 
Chapter 3, however many dystrophic neuritic inclusions were seen in this model.  DCD is 
clearly a feature of HD pathology in this model as is the deposition of lipofuscin both of which 
are naturally occurring features of aging.  See Figure 8.7 for enlargements of panels C and D.
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bright blue nature of the photos which have not been colour balanced with software, all taken 
at x63 magnification.  Notice the prevalent DCD profiles in the anterior cingulate cortex (A) and 
the piriform cortex (C) respectively, and the apparent lack of such profiles in the caudate putamen 
(B).

Figure 7.9:  Semi thin 
sections of HD94 brain 
stained with toluidine 
blue to highlight the DCD 
profiles of dying neurons.  
These sections were very 
deeply stained hence the

Figure 7.10:  Maps showing the presence of DCD profiles in the HD94 model.  The areas 
shaded in dark grey are areas of concentrated dying neurons and the pale grey areas are areas of 
moderate cell death.  Beige areas are those with very few dying neuron profiles.
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Table 7.3:  Table showing the correlation of DCD (blue rows with ☠-mild death, ☠☠-
moderate death and ☠☠☠-extensive death) versus the presence of inclusions (green rows 
with ✹-mild level of inclusions, ✹✹-moderate level of inclusions and ✹✹✹-extensive levels 
of inclusions) in the same regions of HD94 brain, to see if they occur together and therefore 
may be causative to each other.

  The distribution of dying neuronal profiles are quite unusual in that they are 

mainly present in the cerebral cortex and absent in the striatum where they would 

be expected to be prevalent as with most parameters with this model this one is 

anomalous too.

  The correlation of aggregates and degeneration contrary to the other two 

models is pretty much an exact relationship.  The cerebral cortex appears to be 

the main area of aggregation and dying neuronal profiles further muddying the 

waters of this model.  Perhaps this sub-type of DCD with the swelling profile is 

caused by the large DNIs that are so prevalent, this finding would also 

implicate DNIs as the more aggressive species of aggregate in successfully 

implementing neuronal death.



7.3. Shelbourne Knock-in Model

  There is quite a lot of cell death seen in these mice and it is understandably 

difficult to ascertain as to whether this is due to the genetic alterations or just 

simply old age.  What is truly remarkable is the asymptomatic nature of these 

animals when there is so much cell death present.  However it is important to 

differentiate the levels of death that occur in the normal course of ageing and 

not the genetic construct inserted into the mouse genome, which as it happens 

is quite considerable in control animals of the same age.

  The type of death seen in this model is similar to that seen in the R6 mice and 

the HD94 mice, it too appears to be undergoing DCD.  As described before the 

degenerating neuron condenses down and takes on a dark appearance when 

seen at EM level and looks very much like the neurons seen in the other two 

mouse models and in the human material.  Perhaps the most striking and 

unusual aspect of its appearance in these mice is the highly abnormal nucleolus, 

it seems that the nucleolus is resolving into its constitutive compartments 

namely the perinucleolar cap, the granular compartment and the agranular 

compartment, extruding out into a ribbon like structure as opposed to a circular 

one.  This phenomenon remains to be seen in human material to confirm that it 

is in fact a consequence of the disease and not an artefact of the model 

generated (see Figure 7.11 on following page).

  The type of DCD also appears to be different to that of the R6/2 model, or 

perhaps as the pathology is operating much slower in the HD80 different stages 

of the same process have been resolved.  In the DCD is always seen to occur 

simultaneously in both nucleoplasm and cytoplasm, yet in the HD80 model it is 

seen in the cytoplasm first perhaps followed by the nucleoplasm with time.  

This would also suggest the neuron’s attempt to maintain the nucleus for as 

long as possible.
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Figure 7.11:  Electron micrographs showing aspects of DCD in the HD80 model.  Panel A 
shows an apparently healthy neuron (blue arrow), microglial cell (Gitter cell, green arrow) and a 
neuron in the last throes of DCD (maroon arrow) in the striatum of the full length knock in 
mouse.  Neuron in panel B is undergoing DCD what is interesting is the grainy appearance of 
the cytoplasm with the visible ribosomes in the rough endoplasmic reticulum (teal arrow).  
Panels C and D both show DCD interestingly the swollen and enlarged Golgi apparatus can be 
seen clearly (purple arrows), the processes of the neurons undergoing DCD are also darkened 
(dark purple arrow).   Panels B, C and D are all seen in the truncated HD80 animal.  The proto-
inclusions  that characterize the knock in models are quite difficult to discern, particularly in 
cells undergoing DCD.

  The distribution of DCD profiles similar to the R6/2 model with many of the 

dying neurons in the anterior cingulate cortex.  There is some death seen in the 
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secondary motor cortex but not as much as that seen in the primary.  The 

somatosensory cortex was an anomalous region where there was more death 

observed in the LMC animals than in the HD80, perhaps this is a normal ageing 

process but undoubtedly this doesn’t show any beneficial effects of the HD 

mutation.  In the insular and piriform cortex there is a similar amount of death 

present to the controls with consistently high levels in the preoptic area.  

Surprisingly as with the R6/2 model there is less in the way of degenerating 

neurons in the striatum than in the cortex.  In the hippocampus there are many 

neurons undergoing degeneration despite there not being much htt present in 

this region, in contrast to the R6/2 model which exhibits plenty of large 

inclusions in this region with very little degeneration present.  However LMC 

animals also show this pattern degeneration of hippocampal neurons with it 

occurring quite rarely in the CA3, infrequently in CA1 but frequently in the 

CA2 region, suggesting that this is not attributable to the HD mutation.  The 

strangest phenomenon with this model is the extensive degeneration present in 

the cerebellum particularly in the Purkinje cells★ of which most are affected.  

Considering that these mice are mostly asymptomatic and do not show any 

overt symptoms in the face of so much degeneration is truly remarkable.  

  This model of HD has an increased presence of lipofuscin deposits such as the 

ones found in the Cln-3 knock out mouse and to a lesser extent in the R6/2 

mice.  It appears that there are more of these deposits in these mice with the 

same amount present at 1 month as at 18 months suggesting that this is not an 

age related deposition but one that is accumulated as a result of pathology and 

not broken down subsequently.  In the Shelbourne model it appears that the 

deposits are present as a result of autophagic cell death taking place with 

evidence of vacuolation also present.  These deposits are the extra membranes 

that have been produced in an attempt to break down diseased cells in a 

macroautophagic way and nondegradable lipid products.
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★These changes have not been shown here as the emphasis of this study is the cell death seen in the 
cortex and striatum which is characteristic of HD.
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Figure 7.12:  Above are shown semi-thin sections of full length HD80 brains stained with 
toluidine blue to highlight the DCD profiles.  Those overleaf are of the truncated fragment 
which contrary to expectations from the morphommetry study show less DCD than the full 
length.  All these sections have stained exceptionally pale but have not been colour enhanced 
with software, all photos were taken at x63 magnification.



  The distribution of degenerative neuronal profiles are remarkably similar to 

the R6 models which reassuringly validates this as part of the pathology, in 

mice at least, being the genetically accurate model.  However it could indicate 

that this pattern of cell death is the normal one followed in ageing, which 

would suggest that HD may be a disease of accelerated ageing of neurons.

  The degenerative patterns seen in this model as with the R6 models does bear 

no relation to the distribution of inclusions which are primarily in the striatum, 

once again affirming the notion that aggregates are not directly causative of cell 

death.
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Figure 7.13:  Above are shown semi-thin sections of integrated fragment HD80 brains stained 
with toluidine blue to highlight the DCD profiles which contrary to expectations from the 
morphommetry study show less DCD than the full length shown in Figure 7.12.  There are 
many darkly stained DCD profiles in the cingulate cortex (A) and fewer in the striatum (C) and 
piriform cortex (D).  The profiles of oligodendrocytes in the corpus callosum also have a similar 
appearance to DCD (B).  All these sections have stained exceptionally pale but have not been 
colour enhanced with software, all photos were taken at x63 magnification.
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Figure 7.14:  Schematic maps showing the presence of DCD profiles in the R6/2 and R6/1 
models.  The areas shaded in dark grey are areas of concentrated dying neurons and the pale 
grey areas are areas of moderate cell death.  Beige areas are those with very few dying neuron 
profiles.

Table 7.4:  Table showing the correlation of DCD versus the presence of NIIs in the same 
regions of HD80 brain in both the full length and the fragment integrated models, to see if they 
occur together and therefore may be causative to each other.  Same key as in the other tables.



7.4. Summary of results

  It has come to light that all these models are exhibiting cell death of a similar 

form, namely DCD.  However there are subtle differences in their death 

patterns which may be due to their genetic make-up, and so we are still unable 

to ascertain the precise mechanism of death in HD.  This is so vast a subject and 

warrants an entire study to do it justice, for the purposes of this thesis it is 

suffice to say that neither apoptosis or necrosis occur in HD.  The mechanism 

occurring appears to be a third one, combining different aspects of them, all 

leaning towards a form of autophagy.

  Affymetrix GeneChip analyses of these models of HD (Luthi-Carter et al. 2000 & 

2002) have shown that the activated genes present are normally associated with 

the state of starvation or neuronal stress, the shrinkage of the neurons and their 

condensation in DCD are both consistent with this observation.  The process of 

autophagy is induced by a state of starvation suggesting that perhaps elements 

of this process are also contributing to pathology.  The close relationship 

between apoptosis and autophagy has long been debated with several 

theoretical ideas emerging, some maintain that they are both very much 

independent mechanisms, or that they are two varying points on the same 

spectrum of death pathways and thirdly that autophagy somehow causes 

apoptosis.  There is an idea that perhaps a molecular switch is able to control 

which process is used (Piacentini et al. 2003), which would fit in nicely with the 

proposed processes of cell death in these HD models.  It would appear that as 

autophagy removes all the mitochondria thereby lessening the effect of 

apoptosis.  The last event in the life of the cell can be seen to be the digestion of 

the mitochondria, as once these are gone the cell is no longer able to respire 

aerobically, this has been seen even after the break down of the nucleus 

(personal communication M. Turmaine).  This form of death is more of a subtle 

dismantling of the cell while it is still mounting an effort to remain alive and not 

a dramatic death process sending lots of dying cell signals to those around them 
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urging a huge glial response to clear up the debris.  This would give support to 

the thinking that there may be constant signalling going on by cells to reassure 

the neighbouring cells that they are alive and well, however weak and discreet 

isolated ‘I’m not well’ signals may well be diluted out by the ‘I’m fine’ signals 

sent out by the surrounding healthy cells and so lead to a different death 

pathway.  DCD appears to be a state of stressed ‘living dead’ cells.

  Then there is the issue with how much actual cell death is going on, firstly it 

was thought to be the primary cause of symptoms and the disease however as 

seen in the R6/2 mice it is possible to display extensive symptoms without the 

prevalence of cell death in the brain.  Some of this quandary may be due to the 

resilience of mice as with other rodents to show cell death, this is particularly so 

with the C57 Black 6 background stain on which all these models are raised 

which are reputed to be particularly resistant to cell death, this is shown by the 

comparative FVB background of the HD80 model which appears to have more 

cell death prevalent than the C57 Black 6.  Contrary to this more dying neurons 

are found in the less symptomatic HD94 model than the others, some of the cell 

death in the HD80 model must be due to the ageing process as the slightly 

symptomatic mice are very old, however it remains relatively difficult to find 

dying neurons in the R6/2 mice which are most afflicted with symptoms.  It 

would be purely speculative and mostly correlative to say that perhaps the 

large NIIs are having a neuroprotective effect and that the DNIs are promoting 

more cell death.  Being in the unique position to have studied the R6/2 line 

since it began, more and more DNIs have been seen to be present than former 

generations, however even with the increase in neuritic aggregates there is not 

any discernible increase in the prevalence of cell death.  As there are only a 

finite number of neurons in the mammalian brain perhaps the brain has 

evolved to prefer dysfunction as opposed to death and the NII is the way this is 

achieved.

  The distribution of dying neuronal profiles is not limited to just a single 

population of neurons, nor does it occur along an axis of the brain and happen 
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as a wave of activity, death is discrete and isolated.  However it does happen in 

some regions of the brain more than others such as in the cerebral cortex 

particularly in the anterior cingulate cortex, the reason for this preferential zone 

of death is still unknown.

  The correlation of cell death and aggregation is not present in the R6 and the 

HD80 models suggesting that inclusions are not directly causative of death, yet 

the findings in the HD94 model suggest DNIs may have some bearing on where 

in the brain death occurs.  This also remains to be investigated further.
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