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 A1 
 

Secreted amyloid precursor protein-α mediates gene expression. G 
Morris1, M Ryan1,2, K Bourne1, W Tate1. 1Department of Biochemistry, 
2Department of Anatomy, Otago School of Medical Sciences, University 
of Otago, Dunedin, and the 1,2Brain Health Research Centre.  
 
Secreted amyloid precursor protein-α (sAPPα) is a 595 amino acid processed 
brain protein, derived from the longer APP. sAPPα can enhance memory 
mechanisms and is neurotrophic and neuroprotective. The balance between 
sAPPα and the toxic amyloid-β peptide (also derived from APP) may be 
critical to the disease process in Alzheimer’s disease (AD). A peptide motif 
(RER) within sAPPα, may mimic the memory enhancing functions of sAPPα 
and is a promising candidate for a novel AD therapeutic. The physiological 
effects of sAPPα and RER likely require de novo gene expression, but 
knowledge of gene targets are currently lacking. This project therefore aimed 
to identify putative gene targets of sAPPα and its active motif RER.  
 
Neuroblastoma (neuronal-like) cells were treated with recombinant sAPPα 
(2.5 nM), Ac-RER (10 µM), or saline control from 30min to 24h. Relative 
levels of gene transcripts were determined in a quantitative reverse 
transcriptase PCR (qRT-PCR) assay, and results were averaged from 12-20 
replicates. Treatment with sAPPα and Ac-RER resulted in rapid transient 
increased expression of the neurotrophic insulin-like growth factor 2 (fold 
change ± SEM, 2.0 ± 0.5 (sAPPα), 1.5 ± 0.2 (Ac-RER) and insulin-like growth 
factor binding protein 2 ( 1.2 ± 0.1 (sAPPα), 1.4 ± 0.2 (Ac-RER) fold) genes at 
30 min (P < 0.05, Student’s two-tailed t-test). The complete transcriptome 
response to sAPPα was tested in the more physiological ex vivo hippocampal 
slices. The immediate early genes c-Jun, early growth response 1 and JunB 
were identified as rapidly upregulated by sAPPα (1 nM treatment, 15min) and 
this was validated by qRT-PCR (1.3 ± 0.2, 1.5 ± 0.2, 1.8 ± 0.2 respectively, P 
< 0.05, n = 13). We report for the first time that sAPPα additionally stimulates 
the rapid expression of specific neurotrophic, neuroprotective and memory 
related genes. Furthermore, the RER peptide mimics sAPPα induced gene 
expression, highlighting the exciting potential of this peptide for therapeutic 
development in AD. 
 

 



A2 
 
Prismatic effect of progressive multifocal glasses on falls in elderly 
people. A Ellison, J Campbell, C Robertson, G Sanderson. Department 
of Medicine, Dunedin School of Medicine, University of Otago, Dunedin. 
 
World Health Organization statistics demonstrate that falls are the second 
leading cause of unintentional injury-related deaths worldwide. Multifocal 
glasses (bifocals, trifocals, and progressive attenuated lenses (PALs)) 
increase the risk of a fall in elderly people but how they do so is unclear. To 
explain why glasses with a PAL increase the risk of a fall and whether this can 
be attributed to false projection, our study aimed to 1) map the prismatic 
displacement of a PAL, 2) test whether this displacement impairs the 
response to loss of balance, and 3) test whether PALs alter stability. 
 
The reaction time and accuracy of healthy ≥75 year olds (n = 31 participants) 
were measured when reaching for a grab bar and black line. These were 
positioned according to the prismatic effect mapped using a focimeter. 
Anterior-posterior deviation was measured while standing on a balance 
platform.  Participants performed each test twice wearing their PALs and new 
single vision (distance) glasses in random order. 
 
Results showed that PALs have large areas of prismatic displacement, 
especially in the central visual axis. Reaction time was faster and accuracy 
was better for PALs (mean difference ± SEM, horizontal grab bar in centre -
0.101 ± 0.050 s, P = 0.021, repeated measures analysis adjusted for order of 
glasses; horizontal black line 300 mm down from centre -0.080 ± 0.016 s, P = 
0.001; vertical black line in centre -2.597 ± 1.257 mm, P = 0.048). There was 
no difference in the balance measures. 
 
PALs have large areas of prismatic displacement, but do not alter stability. 
Older people appear to adapt to the false projection of PALs in the central 
visual axis. This adaptation means that swapping to new single vision glasses 
may affect the visual-spatial stored information and lead to a fall, especially in 
unfamiliar surroundings.  
 



 A3 
 
Rapid down-regulation of microRNA following induction of long-term 
potentiation in vivo. G Joilin1,2, D Guévremont1,2, B Logan1,3, M Ryan1,2, 
W Abraham1,3, J Williams1,2. 1Brain Health Research Centre, 2Department 
of Anatomy, Otago School of Medical Sciences, 3Department of 
Psychology, University of Otago, Dunedin. 
 
Rapid up-regulation of gene networks is associated with the persistence of 
the long-term potentiation (LTP) model of memory, but their regulation is 
poorly understood.  MicroRNAs have recently been identified as negative 
regulators of gene expression that act through RNA degradation or translation 
inhibition. We hypothesised that rapid LTP-induced up-regulation of gene 
networks was mediated in part by rapid down-regulation of microRNA 
expression.  
 
To test this hypothesis, Affymetrix GeneChip and Agilent rat microRNA arrays 
were used to identify LTP-regulated microRNAs 20 min post-LTP induction at 
perforant path synapses in the dentate gyrus of awake adult male Sprague-
Dawley rats (n = 4). The Affymetrix screen predicted differential expression of 
69 microRNAs when compared with the non-tetanised control hemisphere 
using dual selection criteria (fold change ± 0.15; Student’s t-test: P < 0.05), 
while the Agilent screen identified 7 microRNA. Five microRNAs (miR-132, 
miR-181c, miR-214, miR-24-1, and miR-34a) were chosen for further 
investigation using TaqMan reverse transcription quantitative PCR (RT-
qPCR). Following normalisation to miR-16, Y1, and U6, miR-132 (0.30 ± 0.09, 
P < 0.05), miR-181c (0.44 ± 0.12, P < 0.05), and miR-34a (0.38 ± 0.14, P < 
0.05) were shown to be significantly down-regulated. Up-regulation of related 
target genes was predicted in response to down-regulation of microRNA. 
Therefore, we identified potential mRNA targets of those microRNA reported 
to be up-regulated 20 min post-LTP and performed SYBR Green RT-qPCR 
for these mRNA. Normalising to hypoxanthine-guanine 
phosphoribosyltransferase (HPRT), three mRNA, activity regulated 
cytoskeleton-associated protein (ARC; 22.40 ± 8.13, P < 0.05), Fbj murine 
osteosarcoma viral oncogene homolog (FOS; 4.02 ± 1.32, P < 0.05), and 
Nuclear receptor subfamily 4, group A, member 3 (NR4A3; 1.48 ± 0.20, P < 
0.05), were confirmed to be significantly up-regulated.  
 
These data show that LTP is associated with a rapid down-regulation of 
specific microRNA and a concomitant up-regulation of potential target mRNA. 
Thus, microRNA appear to play an important role in regulating LTP-related 
gene expression and may thereby contribute to LTP stabilisation. 
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Single molecule analysis of molecular chaperone Hsp70 by total internal 
reflection fluorescence microscopy. S Walsh¹, D Potapov², I Ábrahám², S 

Wilbanks¹. ¹ Department of Biochemistry, ² Department of Physiology, 
Otago School of Medical Sciences, University of Otago, Dunedin.  

 
Functions of proteins are dependent on correct structure; misfolded and 
aggregated proteins are hallmarks of neurodegenerative disorders. The 
molecular chaperone Hsp70 maintains cellular proteostasis by facilitating de 
novo protein folding, preventing protein aggregation, and stabilising and 
refolding proteins. Hsp70 binds and releases unfolded proteins in an ATPase-
governed cycle during which it undergoes dramatic changes in its structural 
conformation. Single molecule studies using a total internal reflection 
fluorescence (TIRF) microscope offer a unique opportunity to probe the 
dynamics of this molecular machine. We hypothesised that real-time 
observation of a single Hsp70 molecule by TIRF microscopy would reveal 
conformational changes obscured by artefacts inherent in ensemble 
averaging when using standard cuvette-based fluorescence microscopy.  
  
Eight E. coli Hsp70 cysteine variants were engineered by point mutation to 
investigate domain dynamics using thiol-reactive fluorophores and Förster 
resonance energy transfer (FRET). To determine whether these variants had 
compromised conformational function, quenching of internal tryptophan-
fluorescence was measured. Suitable variants were labelled with Alexafluor 
maleimide fluorescent dyes and ensemble FRET experiments undertaken.  
Finally, selective immobilisation using single molecule FRET with TIRF 
microscopy enabled analysis of variants.  
 
Following addition of ATP, Hsp70 variant C15S/K321C/E430C displayed a 
decrease in tryptophan fluorescent intensity (10.4 ± 0.6%, mean ± SD, n = 3), 
indistinguishable from that of wild type Hsp70 (10.7 ± 1.0%). Therefore, the 
introduced cysteine residues did not impair conformational change. In 
ensemble measurements of C15S/K321C/E430C, FRET fractional efficiencies 
of 0.0775 ± 0.0007 (n = 3) and 0.159 ± 0.003 were observed in the ADP- and 
ATP-bound states respectively. Single molecule TIRF microscopy resolved 
three states of ADP-bound Hsp70 with FRET fractional efficiencies of 0.30 ± 
0.12, 0.57 ± 0.07, and 0.79 ± 0.09.   
 
Single molecule work provided more accurate FRET efficiencies and has 
resolved a missing link in the classical Hsp70 ATPase model previously 
obscured by ensemble averaging. 



A5 
 
A dose-response study of L-DOPA-induced dyskinesias in a unilateral 6-
OHDA rat model of Parkinson’s disease.  E Daly, L Smith, J Gray, L Parr-
Brownlie, R Nagaraja, J Reynolds. Department of Anatomy, Otago 
School of Medical Sciences, and Brain Health Research Centre 
University of Otago, Dunedin. 
 
Parkinson’s disease is the second most prevalent neurodegenerative disorder 
worldwide. The motor symptoms arise from death of the dopamine-producing 
cells in the substantia nigra. Dopamine replacement is commonly achieved by 
administering the dopamine precursor, L-DOPA. Unfortunately after long-term 
treatment, over half the patients develop abnormal involuntary movements 
(AIM), known as dyskinesias. Why L-DOPA only induces dyskinesias in some 
patients is unknown. Recent experimental evidence indicates aberrant 
synaptic plasticity may underlie reinforcement of abnormal movements in 
dyskinetic animals. The present investigation was a pilot study to find an L-
DOPA dose that would induce dyskinesias in 50% of animals.  
 
Hemiparkinsonian rats (n = 17) were created by injecting the neurotoxin 6-
hydroxydopamine (6-OHDA) into the left medial forebrain bundle, to destroy 
the dopamine neurons unilaterally. Lesion extent of ≥ 95% was estimated 
using behavioural tests, after which rats were randomised to receive 0, 3, 6, 
or 12 mg/kg of L-DOPA. L-DOPA was combined with peripheral dopa-
decarboxylase inhibitor (benserazide, 7.5 mg/kg) and administered 
subcutaneously twice daily for three weeks in a blind dose study. Rats were 
observed weekly and assigned AIM scores to reflect the presence and 
severity of dyskinesias. Post-mortem immunohistochemistry for tyrosine 
hydroxylase was performed on brain slices to confirm lesion extent.  
 
At three weeks of treatment, average ± SD AIM score for each treatment 
group were 0 ± 0, 2.25 ± 4.5, 9.0 ± 3.24 and 12.25 ± 6.18 for 0, 3, 6 and 12 
mg/kg, respectively. All animals in the 6 and 12 mg/kg groups became 
dyskinetic, whereas only one animal in the 3 mg/kg group exhibited dyskinetic 
side effects. These results indicate the optimal dose to achieve a 50:50 ratio 
for dyskinetic vs non-dyskinetic animals lies between 3 and 6 mg/kg. This 
dose would be applied in future studies examining genetic and 
electrophysiological differences between dyskinetic and non-dyskinetic 
animals.
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Antigen presenting cells in the human papillomavirus-induced tumour 
microenvironment. L Flanagan1, P Sykes2, A Miller3, M Hibma1.  
1Department of Microbiology and Immunology, Otago School of Medical 
Sciences, University of Otago, Dunedin, 2Department of Obstetrics and 
Gynaecology, 3Department of Pathology, University of Otago, 
Christchurch. 
 
The balance between the immunosuppressive effects initiated by the human 
papillomavirus-induced tumour microenvironment, and the anti-tumour 
immune response determines the progression to invasive cervical cancer.  
The immune response is initiated by antigen presenting cells (APC) however 
their frequency and localisation in cervical lesions has not been fully 
characterised.  We propose that micro-invasive lesions (characterised by <3 
mm invasion into the stroma) are prevented from becoming invasive by a 
localised influx of APC and that this does not occur in clinical invasive lesions 
(>3 mm invasion). The purpose of this study was to determine the numbers, 
maturation status and localisation of two APC populations, Langerhans cells 
(LC) and dendritic cells (DC), in pre-invasive, micro-invasive and clinical 
invasive cervical cancer lesions.  
 
Following human ethical approval, immunohistochemistry was performed to 
visualise and enumerate LC and DC within the tumour microenvironment. LC 
were identified as S100+CD207+, mature LC as S100+p55+, DC as 
S100+CD207- and mature DC as S100+DC-Lamp+ in samples containing 
lesions and where available, distal and adjacent regions. Pre-invasive tissue 
had very few APC. Clinical invasive lesions were poorly infiltrated by APC and 
had 48 ± 47 (mean ± SEM, n = 10), 38 ± 18, 78 ± 23 and 48 ± 28 LC, mature 
LC, DC and mature DC per mm

2
 respectively. Regions adjacent (n = 3) to 

clinical invasive lesions had higher numbers of APC than all lesions, 
especially LC with 204 ± 49 per mm

2
. Micro-invasive tumours also appeared 

to have high numbers of APC with 102 ± 50 (mean ± SD, n = 2), 77 ± 75, 144 
± 55 and 41 ± 3 LC, mature LC, DC and mature DC respectively. 
 
Tumour-infiltrating APC numbers were lower in clinical invasive lesions 
compared with micro-invasive lesions, and we propose that this is due to the 
immunosuppressive mechanisms initiated by the tumour microenvironment. 



 A7 
 
Altered nitric oxide synthase and arginase activity and expression in the 
Alzheimer’s diseased brain. M Fleete, P Liu. Department of Anatomy, 
Otago School of Medical Sciences, Brain Health Research Centre, 
University of Otago, Dunedin. 
 
Alzheimer’s disease (AD) is a neurodegenerative disorder characterised by 
progressive memory loss, while senile plaques and neurofibrillary tangles are 
present in the brain. Evidence suggests arginine and its metabolites play a 
role in AD pathogenesis. The present study is the first to investigate how the 
activity and expression of two key arginine metabolic enzymes, nitric oxide 
synthase (NOS) and arginase, are altered in AD.  
 
Post-mortem tissue from the superior frontal gyrus (SFG) and hippocampus 
were obtained from the Neurological Foundation of New Zealand Human 
Brain Bank, consisting of normal cases aged 60 (NC-60, n = 11) and 80 (NC-
80, n = 12) years and AD patients aged 80 years (AD-80, n = 12). The NC-80 
and AD-80 groups were sex-matched, while sample storage time and post-
mortem delay did not differ between groups. Radioenzymatic and 
spectrophotometric assays were used to measure NOS and arginase 
activities, respectively.  
 
The AD-80 group had reduced total NOS activity relative to the NC groups in 
both regions examined (SFG 80%, hippocampus 99%; all P < 0.001). 
Furthermore, the hippocampus also showed reduced total NOS activity in the 
NC-80 group as compared to the NC-60 group (97%, P < 0.05). Inducible 
NOS activity was undetectable in all samples. Conversely, arginase activity 
was increased in the AD-80 group relative to both NC groups in the examined 
regions (SFG 259%, hippocampus 148%; all P < 0.001). Western blot, 
analysed with densitometry, revealed decreased neuronal NOS (SFG 80%, 
hippocamps 99%) and endothelial NOS (SFG 98%, hippocampus 90%) 
expression, but increased arginase II expression (SFG 79%, hippocampus 
50%) in the AD-80 group compared with the NC groups in both regions (all P 
< 0.01).  
 
These results suggest that NOS and arginase metabolic pathways are altered 
in the human AD brain. This further supports the role of arginine metabolism 
in AD pathogenesis.  



A8 
 
Effect of chronic renal denervation on cardiac response to β-adrenergic 
stimulation in diabetic hypertensive rat model. A Thaung1, I Sammut2, Y 
Yao2, R Lamberts1. 1Department of Physiology, 2Department of 
Pharmacology and Toxicology, Otago School of Medical Sciences, 
University of Otago, Dunedin. 
 
Increased cardiac sympathetic drive as a consequence of increased renal 
sympathetic activity is an important cause of cardiovascular complications in 
hypertensive patients with diabetic nephropathy (DN). Bilateral renal 
denervation (BRD), by reducing systemic sympathetic output, has been 
shown to normalise blood pressure and reduce left ventricular hypertrophy in 
studies of hypertension. This study aimed to determine the effect of BRD on 
the cardiac response to β-adrenergic stimulation in a diabetic model with 
underlying hypertension using transgenic (mRen-2)27 rats. We hypothesise 
that BRD will improve the cardiac response to β-adrenergic stimulation in the 
DN rat model.  
 
In non-diabetic and diabetic (streptozotocin, STZ; 55 mg/kg) 6-week-old 
female Ren-2 rats (n = 7), BRD or sham surgeries were conducted repeatedly 
(3

rd
, 6

th
 and 9

th
 week following STZ). Cardiac function was determined in 

Langendorff-perfused isolated hearts at the 12
th
 week after STZ. Normalised 

left ventricular developed pressure (LVDP) was recorded in response to 
cumulative concentrations of isoproterenol (non-specific β-agonist) (10

-10
 to 

10
-7

 M) and BRL37344 (specific β3-agonist) (10
-12

 to 10
-6

 M).  
 
The LVDP response to isoproterenol stimulation was reduced in the diabetic 
compared with the non-diabetic group (normalised LVDP at 5×10

-8
 M, diabetic 

0.71 versus non-diabetic 0.87, P < 0.001, 2-way ANOVA). However, BRD had 
no effect on the LVDP response to isoproterenol stimulation. Stimulation with 
BRL37344 had no effect on the LVDP response in diabetic and non-diabetic 
animals innervated or denervated. Interestingly, there was a significant 
increase in diastolic left ventricular volume and hence filling pressure in 
diabetic and non-diabetic animals after renal denervation.  
 
In conclusion, renal denervation did not restore the attenuated cardiac 
response to β-adrenergic stimulation in the diabetic rats. This suggests that in 
the diabetic rat heart, reducing renal sympathetic activity does not decrease 
sympathetic drive to the heart, but may contribute to a reduction in underlying 
cardiac remodeling. 

 



A9 
 
Microparticles and antigen sampling by Langerhans cells during human 
papillomavirus infection. C Burn, M Hibma. Virus Research Unit, 
Department of Microbiology and Immunology, Otago School of Medical 
Sciences, University of Otago, Dunedin.  
 
Microparticles (0.1 – 1 µm in diameter) that expose phosphatidylserine on 
their outer surface, may have a role in antigen presentation. Human 
papillomavirus (HPV) is non-lytic, epitheliotropic and does not infect 
Langerhans cells (LC), the antigen presenting cells (APCs) in the epidermis. 
This study aimed to determine whether HPV infection altered microparticle 
production by keratinocytes, and whether microparticles influenced LC 
activation and migration.  
 
Microparticles were produced by treating mouse (PDV) and human (HaCaT) 
keratinocyte cell lines with 4 ng/ml doxorubicin for 24 h. They were isolated 
and enumerated by centrifugation and flow cytometric analysis. The effect of 
HPV oncogene expression on microparticle production was determined 
following lentiviral vector transduction of cells with the HPV16 oncogenes E6, 
E7 or a vector-only control. Expression of E6 or E7 significantly increased 
microparticle production more than twofold in PDV cells (One-way ANOVA, 
Tukey’s test, P < 0.05, n = 3) and more than fivefold in HaCaT (P < 0.01, n = 
3) cells . The effect of co-culture with microparticles on APC migration was 
determined using murine skin explants and counting migratory APC. PDV 
microparticles enhanced APC migration by 44 +/-8 % (Student’s t test, P < 
0.01, n = 7). Microparticles expressing E6 or E7, however, induced less APC 
migration with increases of 13 +/- 8% and 12 +/- 6% respectively. LC 
maturation was investigated by co-culturing primary murine epidermal cells 
with microparticles and measuring the expression of the maturation markers, 
cluster of differentiation (CD) 80 and CD83.  Expression of these surface 
proteins was not altered by co-incubation with microparticles (n = 7).  
 
This study provides the first evidence of increased microparticle production by 
keratinocytes expressing E6 and E7. The HPV oncogene up-regulation of 
microparticle production could provide a potential mechanism of viral antigen 
exposure to APCs, ultimately resulting in viral clearance, or the development 
of tolerance and viral persistence.  



 
 
 

A10 
 
Alpha 7 nicotinic acetylcholine receptors contribute to cerebellar 
excitatory synaptic transmission. Y Kim, R Empson. Department of 
Physiology, Otago School of Medical Sciences and Brain Health 
Research Centre, University of Otago, Dunedin. 
 
The cerebellum performs a well-known motor control function but 
accumulating evidence supports its role in cognitive functions. The nicotinic 
cholinergic system alters cognition through its actions elsewhere in the brain 
but its role in cerebellar processing is not understood. However, expression of 
the alpha 7 subtype of nicotinic acetylcholine receptors (α7 nAChRs) is 
increased in the cerebellum of human autism patients. Here, we explore the 
expression, localisation and functional contribution of these receptors at 
cerebellar synapses. 
 
Longitudinal cerebellar sections (30 µm) were prepared from C57BL/6 and 
Swiss Webster male mice (28-48 days old). Dual immunolabelling for α7 
nAChR with vesicular glutamate transporter 1 (VGLUT1) and also with post-
synaptic density-95 (PSD-95) was visualised using confocal microscopy. 
Sagittal cerebellar slices (250 µm thick) (C57BL/6 male mice, 21-31 days old) 
were prepared in artificial cerebrospinal fluid (aCSF) for whole-cell patch 
clamp recordings from Purkinje neurons (PNs). Excitatory post-synaptic 
currents (EPSCs) were recorded following parallel-fibre (PF) stimulation in 
artifical cerebrospinal fluid (containing 50 µM picrotoxin to block γ-
aminobutyric acid, GABA, subtype A receptors) before, during and after 15 
min application of 10 nM methyllycaconitine (MLA) a potent α7 nAChR 
antagonist.  
 
α7 nAChRs were abundantly expressed throughout the cerebellar cortex 
where they overlapped with the PF excitatory pre-synaptic marker protein 
VGLUT1 (10 ± 1%) and more strongly with the excitatory post-synaptic 
marker protein PSD-95 (54 ± 3%) (P < 0.0001, n = 3 animals, Mann-Whitney 
U-test). Electrophysiological recordings revealed that 10 nM MLA reduced 
EPSC amplitude, compared with controls, by 30 ± 10 % (P < 0.05, n = 5, post-
hoc ANOVA).   
 
This study provides the first line of evidence to show that α7 nAChR 
expression in the cerebellum contributes to excitatory synaptic transmission at 
the important PF-PN synapse. Our findings have wider implications for how 
nicotinic cholinergic inputs influence cerebellar processing. 
 


