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Introduction
Olfactory impairments are frequently observed pre-clinically in many neurodegenerative diseases including Alzheimer’s (AD), 
Parkinson’s (PD) and Huntington’s disease (HD) It has been hypothesised in AD and PD that olfactory dysfunction results from 
deposition of disease-specific pathological protein aggregates in the olfactory bulb (OFB). That is, the loss of smell becomes 
apparent at the same time that disease specific pathological proteins, such as beta-amyloid, tau and alpha-synuclein accumulate 
in a region of the OFB called the anterior olfactory nucleus (AON)    . However, until now, the presence of  mutant huntingtin 
(mHtt) aggregates in the human HD OFB has not been reported.

The presence of aggregate pathology in the olfactory bulb in AD and PD has given rise to the olfactory vector hypothesis, which 
states that these diseases manifest as a result of environmental agents entering the OFB which can then cause aggregate propag-
ation in a prion-like fashion to other cortical regions . This centripetal spread of aggregates has been displayed in PD patients . 
However, more recently, Takeda et al. 2015 showed that TDP-43 aggregates in Motor Neuron Disease (MND) spread in a 
centrifugal manner into the olfactory bulb .Therefore, there appears to be two mechanisms causing aggregate accumulation 
within the OFB, and each mechanism is dependent on the disease (Figure 1) .   

Figure 1: Proposed hypotheses for aggregate deposition within the olfactory bulb of neurodegenerative 
diseases: The olfactory vector hypothesis suggests that in AD & PD, aggregate pathology begins in the 
OFB and spreads in a centripetal gradient towards more cortical regions. However, in MND, it has been
shown that aggregate pathology begins in more cortical regions and spreads down a centrifugal gradient 
into the OFB.Aim: To characterise the presence of mHtt aggregates within the human HD olfactory bulb

Methods

Results

Conclusions

To determine whether mHtt aggregates are present in HD OFBs, fluorescent immunohistochemistry was
performed on post-mortem, paraffin embedded, human OFB sections from twelve HD and 7 normal cases.
Sections were stained with the mHtt antibody 1F8, which readily detects soluble, full length mHtt aggregates 
with polyglutamine segments greater than 38 residues . Sections were co-labelled with cell markers with
previously reported expression within the AON  : Calbindin (CB), Calretenin (CR), Somatostatin (SST) and 
Tyrosine Hydroxylase (TH).

As Figure 2 shows, there can be multiple AONs within one olfactory bulb. mHtt aggregate and specific cell 
marker densities were counted manually in each individual AON and averaged out across at least 3 separate 
slides for each HD and normal case. In HD cases, we calculated the percentage of cells co-labelled for mHtt 
and CB, CR, SST and TH respectively, as well as the percentage of total mHtt positive cells these respective 
cell markers comprised within the AON population. Finally, mHtt aggregate densities were compared in 
individual AONs along the OFB in HD cases with multiple viable AON regions to determine whether there is 
a centripetal or centrifugal spread of mHtt aggregates along the OFB.          

Figure 2: Schematic of a human olfactory bulb, highlighting 
the anterior olfactory nucleus (AON) depicted by the green regions.
There can be multiple AONs per olfactory bulb, however in general 
there are 3 main AON regions seen in each section along the rostro-
caudal axis: A bulbar AON (AON1), an intrapeduncular AON (AON2)
 and a cortical AON (AON3). Scale bar = 2mm    
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Figure 3: Presence of mHtt aggregates within the AON of the human OFB. (A) Saggital image of HC150 OFB section stained
for 1F8 in green, showing that most mHtt aggregates are confined to one of the two AON regions visible in this section. (B)
Confocal images showing 1F8 immuno-labelled mHtt aggregates. Most 1F8+ cells display large intranuclear aggregates as 
well as sparse staining in the cytoplasm. S cale bars = 10 uM. (C) 1F8+ cell densities for each of the 11 HD cases, which were 
then grouped by Vonsattel Grade in (D). Overall, there is a weak positive correlation between Vonsattel Grade and 1F8+ cell 
densities within the AON (r  = 0.687), indicating a potential relationship between aggregate density and disease severity.        
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1. mHtt aggregates are present within the human HD OFB 2. mHtt aggregates co-localise with previously reported AON cell markers to a 
low extent

Figure 4: 1F8 aggregates co-localise with Calbindin (CB), Calretenin (CR), Tyrosine Hydroxylase (TH) and Somatostatin (SST) positive 
cells. (A) Immunoflourescent staining showing co-labelling of cellular markers with 1F8+ mHtt aggregates.White arrows in the 1F8 channel 
(FITC) and merged channel indicate examples of aggregates, whilst the large clear arrows in the MOI channel indicate cells which co-label 
with aggregates.Scale bars = 10uM. (B) The degree of co-labelling between mHtt in HD cases with these markers of interest (MOI) and (C) the 
total amount of mHtt aggregates found within these MOI was relatively low. Approximately 10% of SST+ cells co-labelled with mHtt agg-
regates, however the percentage of total AON mHtt aggregates co-labelled with SST was only 3.5%. 3.6% of CR+ cells, 2.8% of TH+ cells and
less than 0.1% of CB+ cells contained mHtt aggregates, and this correlated with less than 1% of total AON mHtt aggregates being found in 
these 3 cell types combined (n = 12, data points represent mean values for each case spread across multiple AONs on at least 3 sections).

3. mHtt aggregate densities show a centrifugal gradient in descending AON regions  
Figure 5: 5 out of 6 HD cases reviewed with multiple AONs show an increase in mHtt aggregate densities in more caudal AON regions. HC128, HC152, 
HC163 and HC164 all show statistically significant increases in the density of mHtt aggregate positive cells in AONs further up the OFB. Furthermore, 
whilst HC159 does not show a statistically significant increase across ascending AONs, this is a severe HD case (Vonsattel Grade 4), and whilst there 
appears to be a potential increase from AON1 to AON2, there is no apparent difference between AON2 and AON3, which could suggest that mHtt agg-
regate density in these two AON regions has become saturated. Data points represent mean values +/- SD. One way ANOVAs with post-hoc Tukey’s tests
were performed to assess statistical significance (* = p < 0.05, ** = p < 0.005, *** = p < 0.0005). This suggests that mHtt appears to spread into the OFB
via a centrifugal gradient.                    
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1. mHtt aggregates in the HD OFB may contribute to 
olfactory dysfunction

2. Different AON neuron types are
affected by aggregates

3. mHtt appears to spread to the OFB via a centrifugal
gradient  


