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Effects of common antiepileptic drugs on biomarkers of oxidative stress in a
human neuroblastoma cell line
Reyadh Al-Mosawi, Anthony G Marson, Munir Pirmohamed, Graeme J Sills
Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool

Background: Oxidative stress is now believed to play a role in the evolution of epilepsy and antioxidants have
been proposed as putative antiepileptic agents. We have explored the effects of commonly used AEDs on
biomarkers of oxidative stress and related genes and proteins in a human neuroblastoma cell-line.

Methods: SH-SY5Y human neuroblastoma cells were grown under standard culture conditions. Cells were
exposed to carbamazepine (CBZ; 0-100µM), levetiracetam (LEV; 0-300µM), lamotrigine (LTG; 0-100µM) and
valproic acid (VPA; 0-1000µM) for 24hrs, with or without 100µM H2O2 for further 24hrs. Cell viability was
determined by MTT assay. AED effects were assessed against basal oxidative stress, determined by
malondialdehyde (MDA) concentration, superoxide dismutase (SOD) activity, and reduced/oxidised
glutathione (GSH/GSSG) ratio. The expression of nuclear factor (erythroid-derived 2)-like 2 (Nrf2),
haemoxygenase-1 (HOX-1) and NADPH quinone oxidoreductase-1 (NQO-1) was determined using real time
PCR and western blot.

Results: MDA level was elevated in a concentration-dependent manner, up to a maximum of 9.5-fold, 13-fold,
25.1-fold and 26.7-fold, following exposure to CBZ, LEV, LTG and VPA, respectively. In contrast, SOD activity
was reduced, again in a concentration-dependent manner, by a factor of up to 7.2, 2.5, 5.7 and 4.0 after
incubation with CBZ, LEV, LTG and VPA, respectively. The GSH/GSSG ratio was also reduced after exposure to
CBZ (up to 7.8-fold), LEV (up to 14.4-fold), LTG (up to 10.7-fold) and VPA (up to 17-fold). Further exposure to
100µM H2O2 amplified AED effects on MDA concentration, SOD activity and GSH/GSSG ratio by a factor of up
to 2.4, 19.3 and 13.4, respectively. Expression of the Nrf2 gene was increased by 75% following exposure to
both 100µM CBZ and 1000µM VPA, while expression of HOX-1 was increased by 66% and 63%, respectively.
NQO-1 gene expression was increased after incubation with 100µM LTG and 1000µM VPA by 56% and 52%,
respectively. Additional exposure to 100µM H2O2 augmented AED effects on Nrf, HOX-1 and NQO-1 gene
expression by up to 72%. Relative expression of Nrf2, HOX-1 and NQO-1 proteins was increased by 46%, 26%
and 22% after exposure to CBZ, LTG and VPA, respectively. There was no effect of LEV. Small additional
increases (up to 10%) in protein expression were seen after further 24 hr incubation with 100µM H2O2.

Conclusions: These findings imply that several existing AEDs have pro-oxidant rather than antioxidant effects,
albeit at relatively high concentrations. This may limit their anti-seizure activity and/or contribute to their
adverse effect profile.
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The Impact of learning ( training) on neural activation
Abdulrahman Eid Aloufi1, Vanessa Sluming2, Fiona Rowe1, Georg Meyer1
1
2

Institute of Psychology, Health and Society, University of Liverpool
Institute of Learning & Teaching, University of Liverpool

A better understanding of the impact of learning on functional or structural brain changes may optimise post
stroke treatment.
The aim of this study is to predict treatment outcome early from neuroimaging data which are associated with
behavioural performance in hemianopia patients following visual scanning training.
Here we report on an initial study of 15 healthy participants (aged 20-60) who followed a systematic visual
scanning training.
Participants showed significant improvements in behavioural performance and significant functional change in
visual cortex.
Selective activation in Brodmann area is seen.
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Systematic eye movement training to predict the outcome from
neuroimaging data at the initial stage of stork treatment
Abdulrahman Eid Aloufi1, Georg Meyer1, Vanessa Sluming, Fiona Rowe1
1
2

Institute of Psychology, Health and Society, University of Liverpool
Institute of Learning & Teaching, University of Liverpool

A better understanding of structural and functional brain changes may optimise post stroke treatment. The
aim of this study is to predict treatment outcome early from functional and structural neuroimaging data in
hemianopia patients following visual scanning training.
Here we report on an initial study of 15 healthy participants (aged 20-60) who followed a systematic visual
scanning training for 30 minutes daily, 5 days a week and for 6 consecutive weeks. The training involved eye
scanning out to 20 degrees each side of central fixation to locate visual targets in peripheral vision.
Participants showed significant improvements in behavioural performance (lower task completion time and
fixation number).
Significant functional change is seen in visual cortex V3d. Additionally, we show selective activation in
Brodmann area 9 (Superior Frontal Gyrus) for predictive eye movement saccades, but not in reflexive saccades.
This area also showed increased functional activation during training.
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Quantitative MRI of the brain in patients with neurocysticercosis and
epilepsy
Guleed H. Adan1,2, Tom Solomon2, Lance Turtle2, Sanjib Sinha3, Jitender Saini3, José V.
Manjón4, Pierrick Coupé5, Tony Marson1, Simon S. Keller1
1
2
3

The Institute of Translational Medicine, University of Liverpool
The Institute of Infection and Global Health, University of Liverpool
National Institute of Mental Health & Neuro Sciences (NIMHANS) Bangalore, India

4

Instituto de Aplicaciones de las Tecnologías de la Información y de las Comunicaciones Avanzadas (ITACA), Universitat
Politècnica de València, Valencia, Spain
5

Pictura Research Group, Unité Mixte de Recherche Centre National de la Recherche Scientifique (UMR 5800), Laboratoire
Bordelais de Recherche en Informatique, France

Background:
Neurocysticercosis (NCC) is the most common cause of acquired epilepsy in adults globally. Calcified
granulomas are more common in those with seizures compared to those without seizures in NCC. We sought
to explore whether (1) lesion burden of calcified granulomas and (2) volume of subcortical brain structures
were related to the incidence of seizures in patients with NCC.
Method:
We studied 89 patients with NCC, 50 with seizures and 39 without seizures. All patients had calcified
granulomas and an available T1-weighted MRI scan (with or without contrast). A lesion-mapping technique
was undertaken to determine the topological distribution of calcified granulomas in standard space.
Automated estimation of subcortical volume was carried out using volBrain, an online MRI brain volumetry
system.
Results:
Patients who developed epilepsy were significantly younger than those who did not (mean [SD] 31.1 [13.5]
years, 42.9 [13.3] years; F=12.38, p=0.001). There were no sex differences between groups and no association
between lesion burden and incidence of seizures. Using a multivariate regression, covarying for age, we found
that patients who did not have seizures had a right greater than left asymmetry of the caudate (F=6.28, p=0.02)
and putamen (F=5.35, p=0.02). Patients with no history of seizures had a general rightward asymmetry of the
caudate (mean [SD] 1.95 [6.81]) and putamen (0.92 [5.84]), whereas patients with recurrent seizures had a
general leftward asymmetry of the caudate (-1.27 [5.55]) and putamen (-1.08 [5.70]). No effects were seen in
the thalamus or hippocampus.
Conclusion:
The location size and number of calcified granulomas are not related to the incidence of seizures. Morphology
of the striatum, which is known to be important for the modulation of seizures, is more relevant for the
incidence of seizures, as is age in this cohort.
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C. elegans as a model to study the functional role of sHSPs in determining
CMT2 disorder
Iman Aolymat
Institute of Translational Medicine, University of Liverpool

Charcot–Marie–Tooth disease (CMT) is the most commonly inherited motor and sensory neuropathy which is
categorised into demyelinating type 1 (CMT1) and type axonal 2 (CMT2) neuropathies. Small heat shock
proteins (sHSPs) are a family of low-molecular proteins produced by cells in response to exposure to stressful
conditions. Human genome encodes 11 sHSPs. sHSPs function as intra-cellular chaperones to maintain
proteostasis. Mutations in human HSPB1 and HSPB8 have been described in CMT2. However, the
pathophysiological impact of implicated mutated proteins remains unclear.
Aim(s): My project’s main objective is to create a genetic model for CMT2 using the worm C. elegans that has
been developed as a strong model in biological and neurological researches. The model will be created by
inserting the human HSPB1 and HSPB8 (mutant and wild-type (WT)) in worms to investigate the role of these
proteins and their mutations in CMT2.
-Other objectives of my projects are:
*Investigating the function of sHSPs in neuronal dysfunction by phenotypic analysis of various genetic models
of over- and under-expressing sHSPs. *In vitro biochemical analysis of recombinant human HSPB1 and HSPB8
(mutants and WT). *Quantitative proteomic studies in some C elegans models.
Methods:
1. Bioinformatics. 2. Molecular biology and genetics. 3. Nematode methods (lifespan, thrashing, and
chemotaxis assays). 4. Protein expression and purification. 5. Biochemical analyses.
Results:
1. The human HSPB1 and HSPB8 were cloned and mutated. 2. Some transgenic C. elegans models were
created. 3. Over- and under-expressing sHSPs genetic models for effects on lifespan, healthspan and peripheral
sensory perception were investigated. 4. Recombinant HSPB1 and HSPB8 (mutants and WT) were produced
and purified.
Conclusions:
1. The target HSPBs were cloned, mutated and used for the creation of the genetic models. 2. Over- and
under-expressing sHSPs has variable effects on the worms longevity and nervous system status. 3. Proteomic
studies in some C elegans strains were optimised and initial steps have started for assessment of protein
dynamics.
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Free-Water Diffusion Imaging of the Corpus Callosum in Idiopathic
Generalised Epilepsy
Queenstone Baker, Simon Keller
University of Liverpool

Diffusion tensor imaging (DTI) has been successfully used to characterise microstructural abnormalities in
white matter structures like the corpus callosum. Changes in DTI measures may be an indication of axonal
damage or neuroinflammation. With this methodology, it is difficult to distinguish between changes in DTI
measures which are caused by neuroinflammation from the ones which are caused by axonal damage. Also,
the presence of freely diffusing water molecules in extracellular space can influence DTI measures. Free-water
imaging (FWI) is sensitive to these freely diffusing water molecules and can differentiate neuroinflammation
from axonal damage. In FWI, increase in extracellular fluid suggests neuroinflammation. In this study, FWI was
applied to the diffusion MRI data of patients with idiopathic generalised epilepsy (IGE). Microstructural
alterations in the corpus callosum were assessed using values of free-water corrected mean diffusivity (MDT),
free-water (FW) and free-water corrected fractional anisotropy (FAT). Significant increase in MDT and FW in
the mid and posterior corpus callosum respectively were observed. Significant negative correlation between
FW and FAT was also detected. Moreover, there were no correlation between age of onset or duration of IGE
and patient FWI indices. Based on these results, it can be suggested that some neuroinflammatory changes are
associated with IGE. Increase in MDT and FW in the mid and posterior corpus callosum respectively can be
used as biomarkers for IGE. Also, the presence of free-water causes fractional anisotropy to decrease and age
of onset and duration of IGE does not affect callosal changes.
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Volume, Grey Matter Volume and Cortical Thickness changes in anatomical
lobules of the Cerebellum in the early stages and progression of Parkinson's
disease
Daniel Brownhill
LiMRIC, Institute of Translational Medicine, University of Liverpool

Parkinson’s disease (PD) is a neurodegenerative disorder of motor dysfunction classified by progressive loss of
dopaminergic neurons, typically from the substantia nigra and other basal ganglia structures. The primary
function of the cerebellum is motor co-ordination, yet it is not classically considered to be significant in
Parkinson’s pathology, as cerebellar neurons are not typically targeted in the dopaminergic degeneration.
However magnetic resonance imaging (MRI) studies have identified various structural changes in the
cerebellum in patients with PD, namely in volume, grey matter volume (GMV) and cortical thickness (CT) as
well as a potential compensatory mechanism in the cerebellum via hyperactivation in patients with PD. T1weighted MRI scans from 266 patients with PD, median-split by their unified Parkinson’s disease rating scale
(UPDRS)-III score into “mild” patients and “mild-to-moderate” patients, and 131 controls were analysed
through the Ceres software measuring total volume, GMV and CT of the 10 anatomical lobules of the
cerebellum. The results were compared by one-way ANOVA (with Bonferroni correction) between the three
groups and also correlated against UPDRS-III score (controlled for age, sex and intracranial volume) to indicate
change with the progression of disease. Significant (P<0.05) increases were found in lobules IV (mean and right
CT), V (left total volume and GMV, mean and right CT) and IX (mean and right CT) which were significantly
(P<0.05) positively correlated with UPDRS-III scores. These lobules have been related to motor functioning and
so increasing size could be related to an increase in function and potentially be related to the compensatory
mechanism.
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The recency ratio (Rr) score is sensitive to immune system strength in
cognitively intact individuals with HIV
Davide Bruno1, Nunzio Pomara2
1
2

School of Natural Sciences and Psychology, Liverpool John Moores University
Nathan Kline Institute & New York University

HIV-associated neurocognitive disorder (HAND) refers to a series of intellectual dysfunctions associated with
HIV infection, including memory loss. HAND is a consequence of infection and inflammation of the central
nervous system, which may begin at the early stages of HIV. HAND can be asymptomatic for long periods of
time, which will make it difficult to identify and treat.

We propose that the recency ratio (Rr), a memory measure that is generally sensitive to risk of cognitive
decline and dementia, can be used to track immunodeficiency levels in cognitively intact individuals with HIV.
We present data from 19 participants with HIV, aged 30-67 (44.5, SD=9.4), whose general cognition was intact
at the time of testing (MMSE score ≥ 25).

Results show that standard neuropsychological test scores, such as total recall in the AVLT or the MMSE total,
are not sensitive to degree of immune system damage, as measured by blood CD4. In contrast, Rr increases
significantly (i.e., more memory loss) when blood CD4 is lower (rho = -0.628, p=0.004) in these participants.

We conclude that Rr may be a helpful test to identify quickly and cheaply whether a person with HIV is at the
early stages of HAND.
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Diffusional kurtosis imaging and anti-epileptic drug treatment outcome in
newly diagnosed focal epilepsy
Lorna Bryant1, Batil K. Alonazi2, Emelie McKinnon3, Jens Jensen3, Leonardo Bonhila4, Kumar
Das4, Anthony G. Marson1,5, Vanessa Sluming6, Simon S. Keller1,5
1
2
3
4
5
6

Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool
Department of Radiology and Medical Imaging, Prince Sattam bin Abdulaziz University, Riyadh, Saudi Arabia
Centre for Biomedical Imaging, Medical University of South Carolina, Charleston, USA
Department of Neurology, Medical University of South Carolina, Charleston, USA
Walton Centre NHS Foundation Trust
Department of Psychological Sciences, Institute of Psychology, Health and Society, University of Liverpool

We sought to determine whether subcortical microstructural architecture was related to anti-epileptic drug
(AED) treatment outcome in patients with newly diagnosed focal epilepsy (NDfE) using diffusional kurtosis
imaging (DKI).
27 patients with NDfE and 36 age-matched controls were recruited and underwent DKI scanning and analysis
(Bonilha et al. AJNR AM J Neuroradiol 2015;36:719-24). Mean DKI measures were obtained for subcortical
structures (Desikan et al. Neuroimage 2006;31:968-80), seven parcellated thalamic subregions (Behrens et al.
Nat Neurosci 2003;6:750-7) and the anterior thalamic radiations (ATRs) (Hua et al. Neuroimage 2008;39:33647). Multivariate analysis was carried out using SPSS on each region for the KMEAN (mean kurtosis),FA
(fractional anisotropy), and DMEAN (mean diffusivity) maps, with results controlled for age and sex and
corrected for multiple comparisions using Bonferroni correction.
Patients were followed up one year after diagnosis; 18 patients were rendered seizure free, while nine
patients continued to experience persistent seizures. No effects were observed in the hippocampus, amygdala,
pallidum or striatum. However, KMEAN of the left (F=7.032, p=0.002) and right (F=10.612, p<0.001) ATRs, and
the prefrontal (F=5.314, p=0.008), motor (F=4.089, p=0.022), sensory (F=3.689, p=0.031), and parietal (F=4.008,
p=0.023) segments of the thalamus were significantly reduced in patients with persistent post-treatment
seizures; controls and seizure free patients were largely comparable. These findings were not observed using
conventional diffusion tensor imaging (DTI) scalar metrics (FA and DMEAN).
DKI of thalamic architecture and connectivity may be an important imaging biomarker of treatment outcome
at the point of epilepsy diagnosis. DKI offers advantages over classical DTI for architectural assessment of deep
brain structures such as the thalamus (Glenn et al. NMR Biomed 2015;28:448-59).
Behrens, T.E., et al., Non-invasive mapping of connections between human thalamus and cortex using diffusion imaging. Nat Neurosci,
2003. 6(7): p. 750-7.
Bonilha, L., et al., Altered microstructure in temporal lobe epilepsy: a diffusional kurtosis imaging study. AJNR Am J Neuroradiol, 2015.
36(4): p. 719-24.
Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, Buckner RL, Dale AM, Maguire RP, Hyman BT, Albert MS, Killiany RJ. An
automated labeling system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest. Neuroimage. 2006
Jul 1;31(3):968-80.
Glenn, G.R., et al., Quantitative assessment of diffusional kurtosis anisotropy. NMR Biomed, 2015. 28(4): p.448-59
Hua, K., et al., Tract probability maps in stereotaxic spaces: analyses of white matter anatomy and tract specific quantification.
Neuroimage, 2008. 39(1): p. 336-47.
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Altered large-scale resting-state functional networks in idiopathic generalised
epilepsy
Ya-Chin Chen1, Christine Denby2, Barbara A. Kreilkamp1, Martyn Bracewell2,3, Kumar Das2,
Anthony G. Marson1,2; Simon S. Keller1,2
1
2
3

Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool
The Walton Centre NHS Foundation Trust, Liverpool
Schools of Medical Sciences and Psychology, Bangor University

Idiopathic generalized epilepsy (IGE) is conceptualized as a neuronal network disorder associated with altered
brain connectivity and cognitive dysfunction. The aim of this study was to investigate the nature of functional
connectivity (FC) impairments in patients with IGE using resting-state functional Magnetic Resonance Imaging
(rs-fMRI).
rs-fMRI and T1-weighted imaging were acquired for 17 patients with IGE and 35 healthy controls. Analysis of
FC was performed using the Functional Connectivity Toolbox (Whitefield-Gabrieli and Nieto-Castanon, Brain
Connectivity, 2012;2:125-41). We determined FC between multiple regions of interest (ROIs) based on
Harvard-Oxford Atlas for cortical and subcortical regions, the AAL atlas for the cerebellum and the Oxford
thalamic connectivity atlas for thalamic parcellations. The analysis also included the ROIs within major restingstate networks including default-mode (DMN), sensori-motor, visual, salience, dorsal-attention, fronto-parietal
and language networks. Analyses were controlled for age and sex, and results reported using the false
discovery rate (FDR) correction at the cluster level (p<0.05).
Group comparisons revealed significantly reduced functional connectivity in patients relative to controls
between anterior cingulate gyrus and multiple regions including right hippocampus, right amygdala and
regions of the thalamus in both hemispheres that principally connect with the posterior parietal cortex and
occipital lobe. Furthermore, there was significantly reduced connectivity between right mesial temporal lobe
and paracingulate gyrus and medial prefrontal cortex within DMN in patients relative to controls. Finally,
decreased FC between posterior division of right supramarginal gyrus and right rostrolateral prefrontal cortex
within salience network was also observed in patients.
Our data indicate functional hypoconnectivity between limbic and prefrontal brain regions in patients with IGE,
which may relate to the cognitive dysfunction previously demonstrated in this patient group. Additionally, our
results suggest the important roles of right hippocampus and amygdala in IGE.
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Prediction of human lethality of psychoactive drugs from roident LD50 values
John Dearden, Simon Brandt
Liverpool John Moores University

Deaths from psychoactive drug abuse commonly occur, and new “designer drugs” appear frequently. In an
effort to see whether human lethal doses could be predicted from rodent LD50 values, we collected rat and
mouse oral, intraperitoneal, subcutaneous and intravenous (iv) LD50 values from the literature for 18
psychoactive drugs; human LD values were taken from Gable [1]. We also obtained predicted rat and mouse
LD50 values from TerraBase Inc. [2] and ACD/Labs [3].
We found the best correlations between human and rodent LD values to be with rat iv LD50 values (n = 14, r^2
= 0.823, s = 0.473) and mouse iv LD50 values (n = 18, r^2 = 0.756, s = 0.541). Considering that these are in vivo
values, it is believed that the correlations are adequate for predictive purposes. So to predict a human lethal
dose of a new psychoactive drug, all that would be needed would be an experimental rodent iv LD50 value.
That need could be obviated by using predicted rodent iv LD50 values, although some predictive accuracy
would be lost: the correlation between human LD values and mouse predicted iv LD50 is r^2 = 0.678, s = 0.621,
whilst the corresponding correlation for rat has r^2 = 0.653, s = 0.644.
There is an excellent correlation between experimental and predicted rat iv LD50 values (n = 14, r^2 = 0.964, s
= 0.185). This means that the correlation could be used to predict the four missing experimental rat iv LD50
values with a high degree of confidence.
1. Gable R.S. Comparison of acute lethal toxicity of commonly abused psychoactive substances. Addiction 99
(2004) (6) 686-696.
2. TerraBase Inc.: www.terrabase-inc.com.
3. ACD/Labs Perceptor Platform: www.acdlabs/products/perceptor/.
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Do prenatal sex hormones had an effect on memory organisation?
Rebecca S. Dwyer, Deborah Talamonti, Daniel Clark, Davide Bruno
School of Natural Sciences and Psychology, Liverpool John Moores University

Existing studies of memory indicate differences in spatial ability in both animal and human models relative to
sex hormones. Higher levels of testosterone have appeared to indicate enhanced spatial abilities. Research
suggests that the 2D:4D (index: ring) digit ratio reflects prenatal androgen exposure, and thus can potentially
be used as a measure to observe the prospective role of early androgens on spatial memory abilities. However,
with current studies yielding mixed results of whether prenatal androgens actually predict spatial memory this
is an area that would benefit from further empirical investigation. The aim of the present study was to
examine how memories are structured spatially and temporally, and whether pre-natal hormones influence
memory organisation. It was predicted that higher levels of prenatal testosterone would lead to a preference
for spatial organisation, whereas higher levels of prenatal oestrogens would favour the use of temporal
organisation. Participants completed an image viewing task consisting of four semantic blocks (fruit,
vegetables, animals, clothing items), each with 8 same-category high-frequency items. Images were displayed
in a circular array at random one at a time. Participants were asked to recall these images after each block in
any order. Following recall, temporal (T) and spatial (S) clustering tendencies were calculated to test the
hypothesis, and correlations with digit ratio were examined. The results show no indication of a correlation
between average digit ratio scores and the preference to employ either temporal or spatial memory strategies.
However, averaged spatial and temporal clustering tendencies show an improvement in overall recall. All in all,
this was the first study to examine experimentally (via proxy) whether prenatal sex hormones had an effect on
memory organisation.
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Functional networks of empathy: Coordinate based meta-analysis of fMRI
studies
Nicholas Fallon, Carl Roberts, Andrej Stancak
Department of Psychological Sciences, University of Liverpool

Functional brain imaging studies have demonstrated that empathy for pain observed in others is served by
activations in a wide-range of brain regions that are also involved in the direct perception of pain. This led to
the shared representation account of empathy, wherein observation engages the same neural processes that
underpin first-hand experience of that state or emotion. However, previous meta-analyses of fMRI studies
pointed to a limited network consisting of bilateral anterior insula and anterior cingulate cortex. This led to the
conjecture that empathic response is dominated by these regions which are commonly associated with
affective aspects of pain processing, whereas meta-analyses of direct pain experience points to a more
widespread array of brain activations. We employed coordinate based meta-analysis (activation likelihood
estimation, ALE) to study brain function associated with empathy from 51 fMRI studies which utilised
observation of pain in others. Greatest ALE values were seen in a wide-range of brain regions during
observation of pain compared to non-pain control scenarios including bilateral anterior insula and anterior
cingulate cortex, but also incorporating bilateral primary and secondary somatosensory cortex, supplementary
motor areas, and bilateral parietal and temporo-occipital regions. The findings point to a wider-ranging
network of brain regions which consistently serve empathic responses than previously thought. The
implications for shared representation theory are discussed.
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NKB/NK3R Signaling in the Amygdala Stimulates Gonadotropin Release in a
Kisspeptin-Independent but Estradiol-Dependent Manner.
Chrysanthi Fergani
School of Natural Sciences and Psychology, Liverpool John Moores University

Female reproduction is regulated by a complex signaling network, the function of which is dependent on the
level of circulating estrogens. Neurokinin B (NKB) signaling on to kisspeptin, via the activation of neurokinin 3
receptor (NK3R), colocalized in the same cell (KNDy) and located in the arcuate nucleus (ARC) has been shown
to play an important role in GnRH/LH secretion. This has led us to believe that NKB stimulates LH secretion in a
kisspeptin-dependent manner despite the latter mechanism having been investigated in the persistent
hypogonadal state [e.g. Kiss1r knock out (KO) mice]. Here, we aimed to assess whether in the presence of
estradiol, senktide, an NK3R specific agonist, can stimulate LH release in a kisspeptin-independent manner.
Adult WT female mice were ovariectomized (OVX) or OVX and estradiol-treated (OVX+E2) and studied in
parallel to Kiss1KO or Kiss1KO+E2 littermates (n=10/group). Intracerebroventricular (icv) injections of senktide
(600pmol) were performed and blood samples were collected before and 25 min after icv injection for LH
measurements. As expected, WT females responded with an inhibition of LH in the OVX, but stimulation in the
OVX+E2 state. Interestingly, the presence of E2 in Kiss1KO females resulted in LH increase like that observed in
WT animals. To determine whether the effects we observed in Kiss1KO+E2 mice resulted from the release of
other components within the KNDy neuron (e.g. NKB, glutamate), an activating cre-dependent DREADD was
injected into the ARC of knock-in Kiss1-cre/+ (heterozygous; n=10) and Kiss1-cre/cre (Kiss1KO+E2; n=20) mice.
After a 3-week incubation period animals were treated with Clozapine N-oxide (CNO; 10mg/kg; i.p) or saline
and blood samples were collected before and then every 15 min for 90 min. Only Kiss1-cre/+ animals with an
intact Kiss1 signaling system and treated with CNO, showed an increase in LH, excluding the KNDy neuron as
the source of LH stimulation after icv injection in Kiss1KO+E2 mice. Next, WT OVX+E2 and Kiss1KO+E2 females
were injected with senktide (600pmol; n=5/group) in the ARC, the AVPV/PeN or the amygdala; areas known to
contain Kiss1 neurons, and blood samples were collected before and then every 15 min for 45 min. Senktide
significantly stimulated LH secretion in all three areas in WT OVX+E2, but only in the amygdala of Kiss1KO+E2
mice. Conversely, in the absence of E2, Kiss1KO females injected with senktide in the amygdala did not show
any alteration in LH. Furthermore, NK3R immunopositive cells in the amygdala, unlike the ARC, are
upregulated in the presence of E2. These data demonstrate that activation of NK3R in the amygdala
stimulates LH release in a kisspeptin independent manner in the presence of estrogen. This novel pathway for
LH release, that bypasses the KNDy neuron, may play an important role in linking amygdala regulated
olfactory/pheromonal social cues with gonadotropin release.

Figure 1: Luteinising Hormone concentrations in the peripheral circulation after the administration of an NK3R
agonist, senktide, in to the medial amygdala of female WT and Kiss1KO mice.
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Handing over control: The role of posterior parietal cortex in hand selection
Aoife M. Fitzpatrick, Ken F. Valyear
School of Psychology, Bangor University

The brain must select what hand to use before the body can perform any reaching action. The neural
mechanisms underpinning hand choice, however, are poorly understood. We propose a new theoretical model
of human hand choice: The Posterior Parietal Interhemispheric Competition (PPIC) model. The PPIC model
theorises that populations of neurons in bilateral posterior intraparietal and superior parietal cortex (pIP-SPC)
encode actions in effector-dependent terms that compete for selection within and across hemispheres. Cells
dedicated to both hands are represented bilaterally, but the contralateral hand is overrepresented.
Here, we use a novel fMRI-guided TMS paradigm to test the PPIC model. First, the neural regions of hand
selection are localised using an event-related design with fMRI. Participants are required to reach to targets
while in the scanner, and conditions involving free hand-choice (CHOICE) are compared with when hand-use is
instructed (INSTRUCT). The contrast CHOICE > INSTRUCT identifies bilateral pIP-SPC, with regions also showing
a preference for actions performed with the contralateral hand. These data are consistent with the PPIC model.
Second, we target the same pIP-SPC areas identified with fMRI using a continuous theta-burst stimulation
(cTBS) protocol. Continuous TBS is a form of high-frequency repetitive TMS shown to reduce cortical
excitability. We quantify participants’ hand choice behaviour using highly-sensitive psychophysical methods
before and after stimulation. Changes in hand choice behaviour relative to baseline are taken as evidence for
the disruption of the processes that underpin hand selection. In particular, the PPIC model predicts that cTBS
to unilateral pIP-SPC will decrease the likelihood of selecting the contralateral hand. Data collection for this
study is currently underway. Altogether, our fMRI results reveal the involvement of bilateral pIP-SPC in hand
selection, and our TMS study is expected to provide critical insights as to whether this involvement is
necessary.
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Does touch matter? The impact of affective maternal touch on mother-infant
cardiorespiratory processes.
An-Sofie Gorissen1, Martine van Puyvelde2, Francis McGlone1
1
2

School of Natural Sciences and Psychology, Liverpool John Moores University
Department of Psychology, Vrije Universiteit Brussel, Belgium

After birth, a young infant needs its parent’s warmth and proximity in order to ensure the building of selfregulation1. On a physiological level, self-regulation is expressed by the respiratory sinus arrhythmia (RSA). At
birth, RSA is not yet installed in young infants2. A side effect showed that a caring touch of the mother
resulted in a phasic RSA response by the infant4. The prompt increases of RSA along with decreases of the HR
in the infant may suggest that maternal touch has an immediate impact on important mechanisms involved in
infant self-regulation. This might be explained by the social touch hypothesis that states that unmyelinated Ctactile afferents (CT) play a crucial role in the experience of affective touch 3. Maternal touch is a form of
affective touch which implies that it supports emotional, hormonal and behavioural responses between
mother-infant interactions. Knowing the importance of maternal touch, this study examined the impact of
touch on cardiorespiratory events in the mother and the baby. A 3-min touch period with a baseline before
(PRE) and after (POST). The mother-infant ECG and respiration were registered. The results revealed that a
brief touch can positively adjust the physiological reactivity patterns of a young infant during and after the
touch period in comparison with the PRE- condition. The mother showed a more variable physiological
reactivity patterns. The infant results will be discussed with regard to a potential role of CT afferents within the
maturation of parasympathetic self-regulation early in life. Also, the differences between the mother and
infant response patterns may are discussed in the point to the activity of bottom-up responses in infants
versus top-down processes in mothers.
Reference
1 Bowlby, J. (1969). Attachment and Loss: Attachment; John Bowlby. Basic Books.
2 Lagercrantz, H., & Slotkin, T. A. (1986). The" stress" of being born. Scientific American, 254(4), 100-107
3 McGlone, Cerritelli, Walker, & Esteves, 2017.
4 Van Puyvelde, M., Loots, G., Meys, J., Neyt, X., Mairesse, O., Simcock, D., & Pattyn, N. (2015). Whose clock makes yours tick? How
maternal cardiorespiratory physiology influences newborns’ heart rate variability. Biological psychology, 108, 132-141.
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Characterising DNAJC5 VNTR polymorphisms and their functional
implications on gene expression.
Olivia Grech1, Ana Illera1, John Quinn1, Vivien J Bubb1, David Mann2, Neil Pendleton2, Antony
Payton2
1
2

University Of Liverpool
University of Manchester

DNAJC5 is a neuroprotective gene encoding Cysteine String Protein Alpha (CSPα), a synaptic vesicle protein
which facilitates correct folding of client proteins to prevent accumulation. Expression of DNAJC5 is repressed
in ageing, with alterations in the DNAJ family linked to a variety of age-related neurodegenerative disorders.
Regulation of the DNAJC5 gene could be governed by two features of its locus; firstly a human-specific
microRNA, miR941, which is embedded within the second feature; a Variable Number Tandem Repeat (VNTR)
region. Four VNTR polymorphisms were identified in the Dyne-Steel cohort; a longitudinal study involving
neurologically healthy volunteers aged 50+ which have been monitored for over 30 years. Alleles differ in copy
number of an 83bp repeat element, which varied in frequency in this cohort, and contrast to genotyping data
performed in Schizophrenia, and age-matched control groups. Reporter gene assays were employed to
investigate the potential functional impact of the VNTR on gene expression in two human neuroblastoma cell
lines. The data illustrates that DNAJC5 VNTR (allele 3) acted as a transcriptional regulator, with cell specific
activity; repressing luciferase expression significantly in SH-SY5Y cells, but exerting little effect on expression in
SK-N-AS. This establishes that the DNAJC5 VNTR can demonstrate differential regulation of gene expression in
a cell-specific manner. It is hypothesised that the VNTR acts as a transcription factor binding site, governing
differential expression in response to cell-specific factors, and may have a role in tissue specific DNAJC5
expression. By further investigating the role of this VNTR, it may enable the polymorphism to act as a
biomarker of longevity or adversely pathological ageing.
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Early and Late Cortical Responses to Affective Touch
Connor Haggarty, Peter Malinwski, Francis P McGlone, Susannah C Walker
Somatosensory and Affective Neuroscience Group, School of Natural Sciences and Psychology, Liverpool John Moores
University

An ultra-late positive potential (ULPP) evoked by robotically delivered touch, specifically targeted to activate Ctactile afferents (CTs), has previously been identified over frontal and central electrodes (Ackerley et al 2013).
Here, using a manually delivered tactile stimulus, we aimed to replicate this finding and compare the time
course of the response to that evoked by a faster, non-CT optimal stimulus, which preferentially activates
myelinated Aβ afferents.
Seventeen participants received brush strokes to the dorsal surface of their right forearm. The strokes were
delivered manually by a researcher, using a soft cosmetic brush, in a proximal-distal direction, over 10cm of
skin. The velocity of stroke was guided by a visual metronome. The experiment was divided into twenty blocks
of five trials. In order to maintain vigilance, participants were asked to decide whether the stroke they felt was
delivered at the target speed (CT-optimal 3cm/sec or non-CT-optimal 30cm/sec depending on block) or at an
oddball speed of 15cm/sec. Each block began with the target velocity of 3cm/sec or 30cm/sec and included
between zero and two oddball strokes. A total 43 strokes were delivered for each of the target stimuli. ERPs
were time locked to the brush breaking a laser beam located over the participants arm at the start of each trial.
Analysis revealed that stimuli delivered at 30cm/sec stimuli elicited a robust ERP peak over electrodes Cz & Pz,
between 200-600 ms after stimulus onset. This P300 was of significantly higher amplitude than that evoked by
CT-optimal 3cm/sec strokes. In addition, consistent with the previous report of Ackerley et al (2013), an ULPP
was measured for CT-optimal touch over frontal electrodes 2500-3500 ms after stimulus onset.
This study adds further support for an ERP response evoked by activation of CT afferents, that can be
differentiated from earlier brain potentials seen in response to Aβ activation, that occur less than 1 second
after stimulus onset.
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Retrotransposon Insertion Polymorphisms (RIPs) in neurophysiology
Ashley Hall, Abigail L. Savage, Vivien J. Bubb, John P Quinn
Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool

Endogenous retrotransposon activity is responsible for the generation of approximately 42% of the human
genome. Mobilisation of these elements has resulted in rearrangements, duplications, deletions, novel
transcripts and the introduction of new regulatory domains throughout the human genome. Both, germline
and somatic de novo retrotransposition events have caused a range of human diseases and there is emerging
evidence for the dysregulation of retrotransposon activity in the disease development process. Contemporarily
active LINE-1, Alu and SVA families of retrotransposons making up 17, 11 and 0.2% of the genome, respectively.
Via bioinformatics approaches using the MELT program and subsequent functional validation, I have
demonstrated that SVAs included in the reference human genome may in fact be present or absent in the
population. In other words, they represent retrotransposon insertion polymorphisms (RIPs). This reveals that
the reference genome currently contains an overrepresentation of seemingly fixed TE content, potentially
masking important genetic variation in the population. This is pertinent in the brain because the presence or
absence of TEs may alter the expression or splicing of key proteins, potentially altering neurochemistry and, in
turn, neurophysiology and behaviour. Indeed, an SVA insert included in the reference genome but identified in
our study as a RIP is located within an intron of Neuregulin 3, which is a known susceptibility gene for
schizophrenia. This RIP could therefore be a potential biomarker for schizophrenia or direct differential
regulation of this key gene at the transcription or post-transcriptional level to a specific environmental
challenge I shall present data on such variation in the genome and neuregulin specifically.
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Timed daily exercise modulates GABA signaling to remodel circadian rhythms
Alan Hughes
School of Natural Sciences and Psychology, Liverpool John Moores University

Daily rhythms in physiology and behaviour are ultimately controlled by the coordinated activity of a network of
cellular circadian oscillators located in the suprachiasmatic nuclei (SCN). Intercellular signalling within this
structure is paramount for optimal circadian function and two key SCN neurochemicals are the neuropeptide
vasoactive intestinal polypeptide (VIP), acting via its cognate VPAC2 receptor, and GABA acting via the GABAA
receptor. Both environmental light and internal arousal cues ensure that circadian rhythms generated by the
SCN are synchronized with ~24h rhythms in the external environment.
Daily scheduled voluntary exercise (SVE) is one such influence; we know that this and other arousal cues can
entrain circadian rhythms in behaviour, but we do not know how they alter synaptic signalling or re-organize
circadian neuronal networks.
Here, we use animals with intact as well as genetically compromised circadian neural circuits and determine
that GABA signalling in the SCN is re-configured through exposure to the arousal cue of scheduled physical
exercise.
Finally, wedemonstrate that this non-invasive intervention can circumvent circadian deficits to restore SCN
synchrony and rescue rhythms in brain and behaviour, highlighting the potential for timed daily exercise to
treat disorders related to biological timekeeping, such as depression and the plethora of negative health
indications associated with shift-work.
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The effects of varying predictability on affective picture processing: An eventrelated potential (ERP) study
Ann-Kathrin Johnen, Neil Harrison
Department of Psychology, Liverpool Hope University

Recent studies have shown that both uncertain and invalid expectations (i.e., expecting a positive picture but
seeing a negative picture) affect neural and behavioural responses to subsequently presented pictures.
Previous studies used either uncertain or invalid cues, but no study has systematically varied the predictive
value of the presented cues. In order to investigate this, participants were asked to view and rate the
pleasantness of negative and neutral pictures preceded by a cue while neural responses were measured using
electroencephalography (EEG). In the uncertain condition, the cue was followed by a negative or a neutral
picture with equal probability (50% of trials for each type of picture), in the fairly certain condition the cue was
mostly followed by a negative picture (75% of trials, valid condition) but sometimes by a neutral picture (25%
of trials, invalid condition). In the certain condition, the cue was always followed by a negative picture. The
Early Posterior Negativity (EPN) amplitude was increased for certain as compared to fairly certain and
uncertain cues and the amplitude in the uncertain condition was also increased compared to the fairly certain
condition. In the certain as compared to the other two conditions, the Contingent Negative Variation/Stimulus
Preceding Negativity (CNV/SPN) was significantly reduced. Regarding stimulus-locked responses, the Late
Positive Potential (LPP) was increased for neutral pictures in the fairly certain condition compared to neutral
pictures in the uncertain condition. These results indicate that different degrees of certainty not only influence
the processing of the emotional pictures but also the anticipatory period prior to its presentation.
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Finding treatments for drug resistant epilepsy: Identification of novel anticonvulsant compounds using diverse model organisms.
Alistair Jones1, Alan Morgan1, Graeme Sills2, Vincent Cunliffe3, Tony Marson1
1
2
3

Cellular and molecular physiology, University of Liverpool
Molecular and Clinical Pharmacology, University of Liverpool
The Bateson Centre, University of Sheffield

Background:
Epilepsy is the most prevalent neurological disorder, affecting 1% of the population. One third of these
patients do not respond to available therapeutics. This presents an unmet clinical need for new anti-epileptic
compounds, however, the prevalently used rodent models are low-throughput and expensive. By modelling
this disorder in simpler animals (C. elegans and Danio rerio), before reaching higher-tier rodent models,
compound screening could become more efficient.
Aims:
We aim to establish a new paradigm in drug discovery, where the simple organisms Caenorhabditis elegans
(nematode worm) and Danio rerio (Zebrafish) are used as front-line screening tools.
Methods:
The convulsant pentylenetetrazol (PTZ) was applied to the bathing solutions of both C. elegans and Danio rerio.
Convulsion behaviour was recorded followed by qPCR sample extraction. C. elegans genetic screen was
conducted against a chlorothymol induced paralysis phenotype, positive mutants were rescued via fosmid
microinjection. Whole cell voltage clamp recordings were taken from thalamocortical relay neurons.
Results:
An initial zebrafish screen showed the compound chlorothymol could reduce PTZ induced gene upregulation.
Chlorothymol also showed anticonvulsant activity, reducing seizure-like behaviour in C. elegans and Danio
rerio following PTZ treatment. Through a genetic screen of C. elegans mutants, chlorothymols molecular target
was established: GABAA receptor alpha/gamma subunits. Chlorothymol was also found to influence GABAergic
activity in a mouse brain-slice preparation.
Conclusions:
Analysis of chlorothymol shows an encouraging consistency between the C. elegans, Danio rerio and mouse
model. This highlights the potential of these models to provide a cheaper, more efficient method of epilepsy
drug discovery.

th

Poster - 15 June 2018
Liverpool Neuroscience Group

#22

LND2018

#23
Effects of loss aversion on the neural processing of decision outcomes.
Katerina Kokmotou 1, 2, John Tyson-Carr 1, Vicente Soto 1, Yuxin Xie 3, Stephanie Cook 1, 4,
Nicholas Fallon1, Timo Giesbrecht 5, Athanasios Pantelous 2, 6, 7, Andrej Stancak 1, 2
1

Department of Psychological Sciences, University of Liverpool
Institute for Risk and Uncertainty, University of Liverpool
3
School of Securities and Futures, Southwestern University of Finance and Economics, China
4
Institute of Cognitive Neuroscience, University College London
5
Unilever Research and Development, Port Sunlight, UK
6
Department of Mathematical Sciences, University of Liverpool
7
Department of Econometrics and Business Statistics, Monash University, Australia
2

Loss aversion is the tendency to prefer avoiding losses over acquiring gains of the same amount. Individual
differences in loss aversion have been shown to mediate the neural processing of experienced decision
outcomes. Fully informed evaluation of decision outcomes often depends on comparisons between chosen
and unchosen options and previous neuroimaging studies have elucidated the processing of alternative, but
foregone, outcomes. However, the way in which loss aversion modulates the cortical processing of such
counterfactual outcomes remains unknown. The present study compared the effects of loss aversion on neural
evaluations of monetary outcomes resulting from chosen and unchosen prospects (actual vs counterfactual
outcomes) using electroencephalographic (EEG) recordings.
A monetary gambling task and parametric modelling of choices were used to assess loss aversion. Participants
(n = 27) were asked to accept or reject a series of gambles with 50% chance of winning or losing variable
amounts of money. Feedback was given about the actual or counterfactual outcome. EEG activity was
recorded continuously using a 128-channel EGI (Electrical Geodesics, Inc., USA) system. Event-related
potentials (ERPs) time-locked to feedback onset for both actual and counterfactual outcomes were analysed
and correlated with loss aversion.
Feedback ERPs were stronger for actual losses compared to gains, while there was no difference between
counterfactual gains and losses. Loss aversion correlated with ERPs accompanying actual outcomes in centralparietal midline electrodes and with source activity in posterior cingulate cortex (PCC). In contrast, there was
no association between loss aversion and counterfactual outcome processing.
Results suggest a context-specific influence of loss aversion on the neural processing of decision outcomes:
loss aversion appears to be unrelated to the neural processing of unchosen decision outcomes, and is
implemented only when outcomes have an actual economic impact for individuals.

th

Poster - 15 June 2018
Liverpool Neuroscience Group

#23

LND2018

#24
MRI volumetry reveals regional atrophy in patients with newly-diagnosed
focal epilepsy
Nicola Leek, M. Neason, B. Ziso, S. Elkommos, G. Sills, K. Das; A.G. Marson; S.S. Keller; A.
Joregensen
Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool, UK

Imaging studies of newly diagnosed epilepsy provide important information about epilepsy diagnosis and
treatment. However, patients are rarely studied from the point of diagnosis, despite this being a crucial time
point in understanding the underlying neurobiology of epilepsy. The purpose of this study is to determine the
volumes of subcortical and cortical nuclei in patients with newly-diagnosed focal epilepsy (NDFE).
A total of 82 patients with NDFE and 40 healthy controls received a T1-coronal FLAIR MRI protocol. MRI
measurements of the left and right hippocampus, thalamus, putamen, caudate nucleus and temporal lobe
were performed using stereology in conjunction with point counting and produced volume estimates for all
participants.
Several brain regions showed significant reductions in mean volume in NDFE patients compared to healthy
controls, including left hippocampus ( 2270.3 ± 36.8 mm3 controls vs 2075.3 ± 47.2 mm3 NDFE; p=0.006), right
hippocampus (2221.1 ± 46.2 mm3 controls vs 2058.1 ± 49.7 mm3 NDFE; p=0.015), left thalamus (7608.9 ±
147.6 mm3 controls vs 7021.4 ± 101.1 mm3 NDFE; p=0.005), and left temporal lobe (62392.9 ± 1574.1 mm3
controls vs 58952.1 ± 932.6 mm3 NDFE; p=0.009).
This study reports the first evidence for regional cortical and subcortical atrophy in NDFE, suggesting
previously reported hippocampal abnormalities in patients with chronic focal epilepsy may be unrelated to
seizure severity and could predispose patients to seizures and cognitive dysfunction. Future research will
utilise a large cohort of both focal and genetic generalised epilepsy patients to explore associations between
brain volumes and genetic variants to better understand the role of genetics in brain morphology in epilepsy.
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Mapping the language landscape: A review of intraoperative language
mapping studies in brain tumour patients
Rhiannon Mackenzie-Phelan1, Daniel J Roberts2
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2

School of Natural Sciences and Psychology, Liverpool John Moores University
Department of life sciences, Brunel University London

Awake craniotomy is a complex neurosurgical procedure for removing brain tumours. Language mapping and
monitoring allows ‘eloquent’ areas to be avoided, preserving function postoperatively. Counting and objectnaming tasks (Penfield and Rasmussen, 1950) are widely used for intraoperative testing, but may lack
sensitivity to detect subtle impairments (De Witte and Marien, 2013). Consequently, focus is shifting towards a
more theoretically driven approach to improve the quality of language mapping (Rofes et al., 2015). This
review synthesises anatomical data from intraoperative studies in brain tumour patients to map the functional
areas identified by cognitive and linguistic tasks.
Relevant publications were identified through database searches and studies were included that reported
cognitive and/or language mapping using electrical stimulation. The anatomical locations of stimulation, task
types and interference types were extracted from each study/patient. 239 patients across 59 studies were
included. 13/20 tasks detected functional sites across numerous landmarks in each hemisphere (figure 1):
frontal (left, 6; right, 2), parietal (left, 4; right, 3) temporal (left, 5; right, 3) and subcortical (left, 7; right, 3). 12
types of interference were noted, most commonly anomia and speech arrest.
Assessing the mapping sensitivity of new intraoperative tasks is difficult given the small number of studies and
comparisons. Nonetheless, the language maps presented here aim to provide an insightful overview of the
literature that may assist clinicians and researchers in selecting appropriate tasks. Tasks engaging
morphosyntax, such as action naming with finite verbs (ANFV), are theoretically advantageous over more
limited tasks such as object-naming (Rofes et al., 2015). However, when used together these tasks have shown
to be selectively sensitive for mapping different frontal areas, suggesting verbs and nouns may form partially
distinct semantic networks (Rofes and Miceli, 2014; Rofes et al., 2017). This dual-task approach offers a more
comprehensive, yet concise, protocol for frontal mapping; future studies should aim to investigate its wider
application.
Figure 1. Cortical (top diagrams) and subcortical
(bottom diagrams) sites of the left (left diagrams)
and right (right diagrams) hemispheres that
induced language task interference during DES
mapping. Different coloured dots refer to
different tasks as per the key. Mapping of sites is
approximate and position of dots denotes the
general cortical or subcortical region. Cortical
sites are categorised according to the nearest
landmark/Brodmann area; note however, the
numbered tags are for reference only and not
refer to Brodmann area numbers. Subcortical
sites have been categorised according to the
nearest pathway or subcortical structure. Cortical
regions: Dorsal Premotor Cortex and
Supplementary Motor Area (1), Ventral Premotor
Cortex (2), Primary Motor Cortex (3), Middle
Frontal Gyrus (4), Inferior Frontal Gyrus (5), Insula
Cortex (6), Superior Parietal Lobule (7), Postcentral Gyrus (8), Supramarginal Gyrus (9), Angular Gyrus (10), Superior Temporal Gyrus (11),
Middle Temporal Gyrus (12), Fusiform Gyrus (13), Inferior Temporal Gyrus (14) and the Temporal Pole (15). Pathways: the Uncinate
Fasciculus (red), the Arcuate Fasciculus (purple), the Inferior Longitudinal Fasciculus (green), the Inferior-occipito-frontal Fasciculus
(orange), the Superior Longitudinal Fasciculus (blue) and the Frontal Aslant Tract (pink). The striatum (including the caudate nucleus) is
labelled “S”. Unpopulated areas therefore refer to either negative mapping or regions where stimulation outcomes have not been
tested/reported.
References
De Witte, E., & Mariën, P. (2013). The neurolinguistic approach to awake surgery reviewed. Clinical Neurology and Neurosurgery, 115(2), 127-145.
doi:http://dx.doi.org/10.1016/j.clineuro.2012.09.015
Penfield, W., & Rasmussen, T. (1950). The cerebral cortex of man; a clinical study of localization of function.
Rofes, A., & Miceli, G. (2014). Language mapping with verbs and sentences in awake surgery: a review. Neuropsychol Rev, 24(2), 185-199. doi:10.1007/s11065-014-9258-5
Rofes, A., Spena, G., Miozzo, A., Fontanella, M. M., & Miceli, G. (2015). Advantages and disadvantages of intraoperative language tasks in awake surgery: a three-task approach for
prefrontal tumors. J Neurosurg Sci, 59(4), 337-349.
Rofes, A., Spena, G., Talacchi, A., Santini, B., Miozzo, A., & Miceli, G. (2017). Mapping nouns and finite verbs in left hemisphere tumors: a direct electrical stimulation study. Neurocase,
23(2), 105-113.
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The potential role of a polymorphic VNTR in the aetiology of Motor Neurone
Disease
Jack N.G. Marshall1, Abigail L. Savage1, Richard J. Mead2, Pamela J. Shaw2, Vivien J. Bubb1,
John P. Quinn1
1
2

Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool
Department of Neuroscience, Sheffield Institute for Translational Neuroscience, University of Sheffield

There have been a number of genes associated with familial and sporadic Motor Neurone Disease (MND)
including the C21orf2 gene. Genetic variation in the exon of this gene could affect protein function and
therefore be mechanistically associated with progression of MND. However the inappropriate regulation of the
expression of C21orf2 could also modify the signalling pathways in which it is involved and offer another route
to progression of MND; such as the interaction with another MND gene, NEK1. Our analysis of this locus
identified a Variable Number Tandem Repeat (VNTR) within intron 1 of this gene which we confirmed was
polymorphic in copy number of the repeat element. Previous studies have demonstrated polymorphic VNTRs
can be associated with predisposition to disease and this is often correlated with the differential
transcriptional regulatory properties of the VNTR based upon the copy number of the repeat element. We will
present data on the potential role of this VNTR in the pathogenesis of MND by addressing i) the frequency of
the different alleles for the VNTR present within patients with MND in comparison with a matched control
cohort, ii) Functionality of the VNTR as a regulatory element in a reporter gene assay, iii) the potential for the
variation present in this element to generate differential gene expression.
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Investigating sNRSF protein interactions within a neuroblastoma cell line
John J. Mears, Jack NG Marshall, Rosalind E Jenkins, John P Quinn, Vivien J Bubb
Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool, Liverpool

RE-1 silencing transcription factor (REST) or neuron restrictive silencing factor (NRSF) is a transcriptional
repressor of genetic function and has been implicated in the regulation of both neurogenesis and
neurodegenerative disorders. Short form NRSF (sNRSF) is a truncated isoform of this protein missing a key Cterminal repressor domain (RD2). Here we seek to determine if the unique structure of the sNRSF carboxy
terminal causes a change in its protein interaction profile when compared to canonical REST. By transfecting
SH-SY5Y cells with sNRSF and REST Halotag expression vectors we seek to verify protein expression by western
blot analysis. Following this protein interactions will then be determined by use of a Halotag protein pulldown
kit. Eluted sNRSF and REST interactors will then be analysed by gel electrophoresis with silver staining. Both
sNRSF and REST were successfully expressed in SH-SY5Y cells. Protein pulldown analysis confirmed a unique
interacting protein was observed within sNRSF transfected cells at a molecular weight of 51KDa that was not
observed within REST transfected cells. Later experiments performed under the same conditions observed an
interacting 51KDa protein within REST as well as sNRSF which may suggest this interaction may occur with
both proteins. However, a further protein interaction was observed within sNRSF at 60KDa. Future work will
seek to determine the identity of these interacting proteins by mass spectrometry and assess the novelty in
relation to documented REST interactors.
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Vigilance in parrots – is it linked to movement patterns or does it form a
behavioural syndrome?
Claudia Mettke-Hofmann
School of Natural Sciences and Psychology, Liverpool John Moores University

Vigilance is an important anti-predator and social monitoring behaviour and known to change with group size
and predation risk. However, little is known about a) how movement patterns may affect vigilance with e.g.
nomadic species being more vigilant due to being less familiar with their environment than residents; b)
whether vigilance correlates with other traits, e.g. with bolder individuals being less vigilant. I tested both
hypotheses by comparing vigilance behaviour during tactile exploration in an unfamiliar environment in 10
closely related parrot species differing in their movement patterns (nomadic – resident) and also comparing
individual behaviours. During tactile exploration of nest boxes or reed walls the parrots could see little of their
environment. Scans between bouts of tactile exploration may serve to check the environment for any threats. I
measured duration of continuous scan bouts and mean duration of scans in one direction as well as mean bout
length of tactile exploration, overall duration of tactile exploration and latency to start tactile exploration. As
both measures of vigilance were positively correlated I only analysed the latter. Mean scan duration in one
direction did not differ between species with different movement patterns but was positively correlated with
mean bout length of tactile exploration and overall duration of tactile exploration and negatively correlated
with time to start tactile exploration on the individual level. This means that individuals with long tactile
exploration bouts intersected their tactile exploration with long scan bouts, whereas individuals with shorter
exploration bouts intersected their tactile exploration with short scan bouts. Longer tactile exploration was in
an earlier study interpreted as an indication for more thorough exploration. Longer vigilance in one direction
may also indicate more thorough assessment of the environment. Therefore, individuals seem to align along a
thorough – superficial continuum for tactile exploration and vigilance.
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The role of endogenous non-LTR retrotransposons in the pathogenesis of
Parkinson's disease
Ben A. Middlehurst1, Josh F. Sullivan1, Abigail L. Savage1, Olympia Gianfrancesco1, Gerald G.
Schumann2, Patrick T. Harrison3, Vivien J. Bubb1 and John P. Quinn1
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Genome wide association studies demonstrate that Parkinson’s disease (PD) has a large genetic contribution.
The hypothesis is that non-LTR retrotransposons known to be mobilised in the germline at early stages of
embryonic development and within in the adult CNS, can act as both germline predisposition variants and de
novo CNS mutations that affect progression of PD. These retrotransposons include LINE-1 (Long Interspersed
Element-1, L1), Alu and SINE-VNTR-Alu (SVA) elements. Previous work has suggested that retrotransposons
can alter host gene expression which can be influenced by the genomic location of the element with respect to
the gene i.e. intronic vs upstream. Further to this, allelic polymorphisms can give rise to differential regulation
of gene expression, e.g. an extension or deletion within the central VNTR of an SVA. A major focus is using
retrotransposon capture-sequencing (RC-Seq) to address somatic variation in the CNS of PD patients. Genomic
DNA was isolated from two different regions of PD patient brains from which RC-Seq libraries were generated
consisting of the entire set of L1 insertions. Sequence analyses of the libraries will identify all L1 insertions
which can be stratified into already reported insertions and novel polymorphic insertions that occur within the
germline or somatic brain tissue of PD patients. Complementary work resides in functional assays of SVA
retrotransposons located in PD associated genes such as those found in the genes LRRK2 and INPP5F. To test
functional properties the following methods are employed: i) PCR genotyping to explore biomarker variation in
the population ii) Gene expression assays e.g. the use of luciferase reporter genes to test enhancer/repressor
activities of SVA elements iii) CRISPR to generate cell lines with targeted deletion of SVA elements of interest.
Knockout cell lines are used for quantitative gene expression assays, via qPCR, to test the effect of the SVA on
the expression of nearby genes.
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Biodistribution, viability and tumourigenic risk of RC17 human ESC-derived
dopaminergic progenitors
Masoumeh Mousavinejad
Department of Cellular and Molecular Physiology, Institute of Translational Medicine, University of Liverpool
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The Development of Social Interaction Perception in the Brain
Ioana Mihai, Jon Walbrin, Julia Landsiedel, Kami Koldewyn
Bangor University

Recent evidence suggests that a region of the posterior superior temporal sulcus (pSTS) may be selective for
the perception of social interactions (Isik et al., 2017; Walbrin et al., 2018) in adulthood. The current research
investigates how the neural response to visually observed social interactions, as compared to other social
information, changes across development.
We used fMRI to scan both children (6-12 years) and adults (18 – 35 years) as they viewed videos that allowed
us to functionally localize and test responses to interactions in the pSTS. In addition, we used a handful of
other localizer scans to identify other regions in the “social brain”, including face, body, and ToM selective
brain areas. We aimed to characterize how ‘adult-like’ functional response to perceived social interactions was
in these localized regions as well as across the brain using a number of measures (e.g., the magnitude and
extent of activation, the selectivity of the response, how well other social information responses predict
interaction response).
The results show less selectivity of neural response to social interactions of the pSTS in the children group as
compared to the adults, suggesting the functional response to interactions is not fully developed in children.
These unique results provide a better understanding of the development of social information processing and
may be a starting point for further research investigating this system in adolescence and in disorders
characterized by differences in social response (e.g. autism spectrum disorder, schizophrenia, Williams
syndrome).
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Characterisation of NF-kB activation in regenerating fibres of old mice.
Euan Owen, Natalie Pollock, Malcom Joseph Jackson, Aphrodite Vasilaki, Anne McArdle
MRC-Arthritis Research UK Centre for Integrated Research into Musculoskeletal Ageing (CIMA), Institute of Ageing and
Chronic Disease, University of Liverpool

Sarcopenia is the age-related loss of muscle mass and function. In human studies a decrease of up to 50% in
muscle mass and function is observed from the ages of 25 to 70 years and this contributes significantly to
frailty and loss of independence in the ageing population. An increase in proinflammatory cytokines is
associated with many age-related conditions including sarcopenia (particularly TNF-alpha and IL-6). Many
inflammatory processes are under the direct influence of the NF-κB pathway and a chronic activation of NF-κB
has been shown in muscles from old mice and in accelerated models of muscle ageing (eg. Vasilaki et al, 2006).
Additional studies using immunofluorescent antibody staining demonstrated the presence of p65 (a subunit of
NF-κB) only in muscle fibres containing centrally located nuclei, suggesting that NF-kB was only active in
regenerating muscle fibres.
The aim of this study was to determine the extent and nature of activation of NF-kB during regeneration in a
well established mouse model of muscle degeneration and regeneration using the myotoxin, barium chloride
(BaCl2). BaCl2 was injected into the extensor digitorum longus (EDL) muscles of adult (8 months) and old (22
month) wild-type (WT) C57BL/6 mice. At defined time points the muscles were quickly excised, weighed and
frozen in OCT for transverse sectioning. Changes in muscle morphology were observed through haemotoxylin
and eosin staining while fluorescently labelled antibodies against p65 targeted the cellular localization of NF-κB.
Centrally located nuclei were present in the majority of the fibres at 14, 28 and 60 days post BaCl2 injection.
Nuclear translocation of p65 was seen 14 and 28 days post BaCl2 injection indicating activation of the
canonical NF-κB pathway in regenerating fibres.
The results of these experiments reveal an association between muscle fibre regeneration and activation of
the canonical NF-κB pathway. Further studies will determine the effect of activation of NF-kB during
regeneration on inflammatory gene expression and compare with activation in ageing models.
Funded by the National Institutes of Health (NIA).
Vasilaki A, McArdle F, Iwanejko LM, McArdle A. (2006). Adaptive responses of mouse skeletal muscle to
contractile activity: The effect of age. Mech Ageing Dev. 127(11):830-9.

th

Poster - 15 June 2018
Liverpool Neuroscience Group

#32

LND2018

#33
The effects of Carpal Tunnel Syndrome on grasp kinematics
Michela Paroli1, Kathryn Dayananda2, Edwin Jesudason2, Ken Valyear1, Simon Watt1
1
2

School of Psychology, Bangor University
Ysbyty Gwyenedd, Bangor

Grasping is central to everyday human hand function. In healthy individuals, the hand is pre-shaped ‘in-flight’
to reflect properties of target objects (e.g. their shapes and sizes). Carpal Tunnel Syndrome (CTS) is the most
common nerve entrapment condition. It affects patients’ hands, resulting in difficulty manipulating objects,
and loss of fine motor skills. CTS might also be expected to disrupt the anticipatory features of grasping
movements—due to impaired non-visual signals about the hand’s posture during grasping—though this
remains unknown. We used motion capture to characterize the detailed spatial and temporal features of
grasping movements in CTS patients, and healthy controls. Grasping was performed with normal vision, or
with vision occluded at the start of movements. Preventing vision of the hand in-flight forces people to rely on
non-visual information (e.g. proprioception) to shape the hand. In controls, this causes the hand to be opened
wider and moved slower. We hypothesized that these compensatory changes will be significantly more
pronounced in patients with CTS, due to impaired non-visual signals to hand posture. CTS patients moved
more slowly overall than controls and, as predicted, they slowed their movements more than controls when
visual feedback was unavailable. CTS patients opened their hands wider without vision, but this effect was not
exaggerated relative to controls. In fact, CTS patients’ opened their hands significantly less overall compared to
controls, independent of visual feedback condition, consistent with restricted capability to open the hand.
Overall, our data suggest that CTS patients rely more on the use of vision to guide their hand during grasping,
which may make everyday movements more laborious. We hope to use this knowledge to inform the
assessment of CTS and related conditions, and improve rehabilitation.
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Autonomic regulation modulates the perception of CT-touch
Ralph Pawling1, Peter Cannon2, Francis McGlone1, Susannah Walker1
1
2

School of Natural Sciences & Psychology, Liverpool John Moores University
Massey University, New Zealand

C-tactile afferents (CTs) are a class of unmyelinated, mechanosensitive nerve fibre that respond optimally to
slow moving (1-10 cm/second), gentle touch, typical of caress. Their firing frequency is positively correlated
with subjective ratings of touch pleasantness. It is hypothesised that CTs communicate the rewarding value of
touch, providing the neurobiological basis for social support through physical contact.
The aim of the present study was to examine the relationship between trait differences in autonomic nervous
system (ANS) regulation, as indexed by resting state high-frequency heart rate variability (HF-HRV), and
sensitivity to CT activating touch. Forty-five healthy participants were divided into ‘high’ and ‘low’ HF-HRV
groups on the basis of an electrocardiogram. Since levels of HF-HRV have been found to be positively
associated with sensitivity to social cues, it was hypothesised we would see a greater preference for CT
optimal over non-CT optimal stroking speeds in the ‘high’ as opposed to ‘low’ HF-HRV group.
After a 5-minute baseline electrocardiogram, participants were asked to rate the pleasantness of robotically
delivered touch that fell within (1-10cm/sec) or outside of (<1 or >10 cm/sec) the CT optimal range of
velocities. Participants also completed several behavioural tests of executive function.
Those participants with the lowest levels of high-frequency HRV (HRV-HF) showed lower sensitivity to the
rewarding value of CT activating touch, showing reduced preference for CT compared to non-CT speeds.
Consistent with previous research, these participants also showed some evidence of less effective executive
functioning. Together these results indicate that, in individuals with poor regulation of the ANS, sensitivity to
the affective value of CT touch is decreased. This is in line with neuro-visceral models of autonomic control and
previous observations that higher HRV-HF is associated with enhanced sensitivity to social cues.
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The effect of pain on memory for duration
Andrea Piovesan, Laura Miriams, Helen Poole, Ruth Ogden
School of Natural Sciences and Psychology, Liverpool John Moores University

The experience of pain has physiological and psychological consequences, interfering with cognitive processing
and distracting the sufferer from ongoing tasks (Moore, Keogh & Eccleston, 2012). Previous studies found that
pain also has an effect on perceived duration: painful stimuli (and stimuli associated to pain) are estimated to
last longer compared to non-pain-related stimuli (Ogden et al., 2014). In clinical contexts, however, we may be
required to recall how long painful events lasted for long after their experience. For example, when visiting our
doctor about an injury we may be asked to remember how long it hurt for. Perceived duration of neutral
stimuli declines when it is recalled after a delay (Cocenas-Silva, Bueno & Droit-Volet, 2012), but it is not known
whether the decline also occurs with painful stimuli. The present study therefore aims to fill this gap. In a
temporal generalisation task, twenty participants were exposed to low pain intensity and nineteen participants
to high pain intensity. All participants were asked to recall the duration of events associated to (I) painful and
(II) non-painful stimulations (1) immediately after stimulation and (2) following a 15-minute delay between
stimulation and memory recall. Results in the low pain group showed an interaction effect between
stimulation and moment of recalling; the 15-minute delay between stimulation and memory recall decreased
the time accuracy of events associated to non-painful stimulation but not of pain-related events. Results in the
low pain group therefore suggest that pain may have a protective effect of memory for duration. However,
results in the high pain group did not show the interaction effect between stimulation and moment of recalling.
Thus, results suggest that pain may have a protective effect of memory for duration only at low intensities

th

Poster - 15 June 2018
Liverpool Neuroscience Group

#35

LND2018

#36
Should we consider religious extremism as a form of mental illness?
Jessica Pope
Edge Hill University

The last decade has seen a rise in acts of terrorism globally, but also with renewed focus on attacking Western
civilisations. A number of these have been committed in the name of religion, most notably with the
emergence of Islamic State. But are people who commit acts of terror or hold extremist views suffering from a
psychological illness? This thesis attempts to answer this question by considering the Diagnostic and Statistical
Manual definition of a mental illness against three areas where religious extremism may be conceived as being
indicative of a mental illness: religion and psychopathology, the radicalisation process and religion, culture and
psychosis. Four research papers were chosen as they provide the most translation evidence across these three
areas in order to provide a cohesive view of the literature in an attempt to answer this question. Research is
considerably lacking in this area and the scarcity of empirical studies means conclusions are difficult to draw.
To define views of religious extremism as a clinical disturbance or a mental illness is perilous, as it legitimises
the acts of the individual and removes responsibility for their actions. Future research efforts should focus on
the relationship between fundamentalist beliefs and their effect on psychopathology, as well as a longitudinal
study assessing whether radicalised individuals display signs of a mental disorder in line with the DSM
categorisation to determine whether this process should be clinically recognised as psychologically damaging.

[Work completed at Bournemouth University]
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Exploring the Evolution of Pain Pathways in Humans
Emma Price1, Mike Iadarola2, Olympia Gianfrancesco1, Daniel Kemp1, Bernhard Frank3, Vivien
Bubb1; John Quinn1
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2
3

Department of Molecular and Clinical Pharmacology, Institute of Translational Medicine, University of Liverpool
Department of Perioperative Medicine, National Institutes of Health, USA
Department of Pain Medicine, The Walton Centre

Pain has evolved as a critical response to noxious stimuli, to ensure the survival of species. SVA
retrotransposons (SVAs) have emerged throughout primate evolution and have helped shape the human
genome. SVA insertions can function as regulatory DNA elements and disruptive insertions have been
implicated in multiple diseases - both situations affecting gene expression. Here we investigate how SVAs may
contribute to the evolution of human pain pathways and possibly contribute to the heterogeneity observed in
pain phenotypes. We aim to describe the genomic remodelling of the TRPV1 region of human chromosome 17
due to the insertion of multiple SVA and investigate the role of these SVAs in gene regulation to determine if
they play a role in human specific gene expression patterns. Using bioinformatic analysis, we identified an SVA
cluster on chromosome 17 at a locus encoding TRPV1 & TRPV3. RNA-Seq data revealed human specific gene
expression at this locus in sensory neurons. Protein network and pathway analysis supports a role for multiple
genes at this locus in pain pathways. This suggests a potential role for SVA insertions in the regulation of genes
at this locus in sensory neurons and highlights further pain gene candidates. Analysis of an SVA disrupting the
regulatory region for key pain genes, TRPV1 & TRPV3, shows sequence polymorphism related to age of onset
conditions, with preliminary data suggesting allelic differences in pain-related cohorts. Further analysis of
retrotransposon insertion polymorphisms highlights genetic burden present in individual genomes. This has
given insight into the levels of genetic variation present at this locus and how it may contribute to the
heterogeneity observed in pain phenotypes. This work offers insight into the evolution of human pain
pathways and offers a new perspective for future pain research.
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The Application of Mobile EEG to the study of economic decisions for
products; a Preliminary Investigation
Hannah Roberts1, Vincente Soto1, John Tyson-Carr1, Katerina Kokmotou1,2, Stephanie Cook1,3,
Nicholas Fallon1, Timo Giesbrecht4, Andrej Stancak1,2
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2
3
4

Department of Psychological Sciences, University of Liverpool
Institute for Risk and Uncertainty, University of Liverpool
University College London, London
Unilever Research & Development, Port Sunlight, UK;

Economic decisions occur when an individual translates their preference into subjective value. Little is known
about the neural processes that underpin this form of decision making and no studies have investigated these
processes in realistic environments. The current study investigated the spatio-temporal dynamics that
accompany economic valuation of products using mobile electroencephalography (EEG) and eye tracking in
freely-moving individuals.

Participants viewed and rated images of household products in a gallery setting while wireless EEG and eye
tracking was recorded. A Becker-DeGroot-Marschak (BDM) auction task was subsequently used to measure
willingness to pay (WTP) for products, and this was used to retrospectively define economic value conditions.
Eye fixation related potentials (EFRPs) were examined and independent component analysis (ICA) was used to
separate sources of activity from grand averaged EEG data. Isolated components of interest were backprojected to scalp data and their relationship with subjective value was statistically analysed.

EFRPs were reconstructed using five independent components (ICs) and, of these, four ICs were modulated by
economic value (WTP) in the latency range of 150 - 250 ms. One IC displayed enhanced amplitude for all value
conditions excluding the lowest value, another IC displayed enhanced amplitude for the lowest value only, and
two ICs resolved intermediate levels of subjective values.

Our study quantified the spatio-temporal dynamics involved in value based decision making for products in a
natural setting. The parietal P200 may reflect an attentional mechanism that separates the lowest value
products from products of all other values, suggesting that low value items are categorized quickly as aversive.
While none of the ICs showed linear amplitude changes that parallel subjective values of products, results
suggest that a combination of multiple components may sub-serve a fine-grained resolution of subjective
value of products.
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Redox responses to denervation in skeletal muscle
Mattia Scalabrin, Natalie Pollock, Anne McArdle, Malcom Joseph Jackson, Aphrodite Vasilaki
MRC-Arthritis Research UK Centre for Integrated research into Musculoskeletal Ageing, Institute of Ageing and Chronic
Disease, University of Liverpool

Previous studies have shown increased mitochondrial generation of peroxides in denervated muscle fibers, but
the role that peroxides play during denervation is still controversial. The Anterior Tibialis and Extensor
Digitorum Longus muscles of wild type and Thy-1YFP mice were denervated by surgical removal of a small
section of the peroneal nerve. Western blotting and immunohistochemical techniques were used to examine
protein contents along with analysis of morphological changes and mitochondrial peroxide release following
denervation. Data indicate that increased peroxide generation is maintained up to 21 days following
denervation and is associated with a significant increase in the muscle contents of Peroxiredoxin 6 and
Phospholipase A2 involved in the activation of NADPH Oxidase. A significant increase in the contents of several
antioxidant enzymes and HSPs involved in the protection against oxidative damage was also observed. These
results support the possibility that (at least initially) an increase in mitochondrial peroxide production may
stimulate adaptation and repair processes in the neuromuscular system, but sustained increased peroxide
generation over the longer term lead to degeneration and muscle atrophy.
Acknowledgments This project is funded by the US National Institute on Aging (NIH) and the Institute of Ageing
and Chronic Disease, University of Liverpool, UK
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Free-water diffusion imaging of subcortical grey matter in refractory
temporal lobe epilepsy (TLE): relation to postoperative outcome
Rachel Sellick1, Simon Keller2,3
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LiMRIC, Institute of Translational Medicine, University of Liverpool
Institute of Translational Medicine, University of Liverpool
The Walton Centre NHS Foundation Trust

Temporal lobe epilepsy (TLE) is the most prevalent form of ‘without awareness’ seizures of which 52-74% of
patients are positive for hippocampal sclerosis (HS) on magnetic resonance imaging (MRI). MRI is the modality
of choice for identification of epileptogenic lesions and neurosurgical planning however, MRI is not always able
to identify histological alterations. Free water imaging (FWI) removes the free-water (FW) component from DTI
data to provide a detailed insight into the microstructural alterations of the brain. FWI provides complete
axonal delineation and an enhanced ability to detect grey matter alterations. We took 65 patients with
neuroradiologically diagnosed unilateral HS TLE and 43 controls and performed a series of studies to identify
FW-corrected (fractional anisotropy, FAt) microstructural alterations in regions associated with TLE. We
analysed the correlation of these alterations with various clinical characteristics and the relationship with
postoperative outcome. Region-of-interest analyses showed that there was a significant difference in FAt of
the ipsilateral posterior hippocampus, contralateral anterior hippocampus (left TLE only), contralateral frontal
lobe white matter (WM) (right TLE only) and midbody of the corpus collosum (left TLE only) in patients
compared to controls. Age of onset and duration of epilepsy was found to correlate significantly with the
ipsilateral frontal lobe WM and patients with persistent seizures had significantly reduced FAt bilaterally in the
posterior thalamus relative to those rendered seizure free. Application of FWI of the posterior thalamic nuclei
could be a biomarker for predicting postoperative outcome.

Figure 1. Ipsilateral reduction in FAt of posterior
hippocampi in patients. A) FAt was reduced in the
ipsilateral posterior hippocampus of patients with
TLE compared to controls (right TLE, p=0.01; left TLE,
p=0.001). B) FAt of the left frontal lobe WM was
decreased in patients with right TLE compared to
controls (p=0.004).

Figure 2. Significant differences in posterior
thalamus and patient outcome. Analyses shows
increased FA in the ipsilateral and contralateral
posterior thalamus of those with good
postoperative outcome (ILAE: 1) compared to those
with poor postoperative outcome (ILAE: 2-6).
(Ipsilateral posterior thalamus, p=0.014;
contralateral posterior thalamus, p=0.012).
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Assessment of DRG surface binding by CRPS-serum-IgG using primary mouse
cells
Serena Sensi1, Dean Nasibitt1, Andreas Goebel1,2
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2

Dept. of Clinical and Molecular Pharmacology, University of Liverpool
The Walton Centre NHS Foundation Trust

Recent works suggest that in some patients with CRPS there is an autoantibody response against surface
markers on primary neurons, but cellular and molecular targets are unknown. Using FACS analysis we
investigate surface epitope binding of CRPS-serum-IgG to murine primary dorsal root ganglion cells.
Dorsal root ganglia (DRGs), harvested from female C57Bl/6J mice, were dissociated and isolated primary
sensory neurons were both directly stained or plated and placed at 37 °C under a 5% CO2 atmosphere for 24
hours; plated cells were scraped and incubated with purified serum-IgG from CRPS patients or healthy
volunteers and then stained. To confirm the role of inflammation in activating the patient IgG, isolated DRG
neurons were also incubated with inflammatory mediators and cytokines before assess the IgG binding.
Directly stained neurons had variable histogram patterns and only in rare cases were obtained higher CRPS
than healthy volunteer main fluorescence values. On the contrary, plated neurons had very similar histogram
patterns in each experiment and always CRPS samples had higher main fluorescence values than healthy
volunteer. When neurons were incubated with inflammatory mediators there wasn’t a significant increase of
mean fluorescence. Depending on CRPS patient IgGs, cytokines treatment significantly increased either main
fluorescence or cell percentage involved in IgG binding.
In this assessment of DRG surface binding by CRPS serum IgG, the majority of plated neurons have a stronger
and standardised binding with human IgGs than directly stained neurons, this effect does appear to be
increased only by cytokines and not by inflammatory mediators.
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Eye-movement related potentials recorded in freely moving humans. The
effects of familiarity on evoked brain activity.
Vicente Soto1, J. Tyson-Carr1, K. Kokmotou1,2, H. Roberts1, S. Cook1, N. Fallon1, T. Giesbrecht3,
A. Stancak1,2
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Department of Psychological Sciences, University of Liverpool
Institute for Risk and Uncertainty, University of Liverpool
Unilever Research & Development, Port Sunlight, United Kingdom

Recording brain potentials in naturally behaving individuals is a difficult endeavour. Face specific brain activity
has traditionally been recorded in lab-based settings in the past. The present study aims to expand our
understanding on face specific brain activity by investigating the effect of familiarity on eye-movement related
potentials recorded in freely moving subjects.
Mobile EEG and eye movement data were recorded from 19 participants during free viewing of familiar and
unfamiliar pictures of faces and places. Eye-tracking data was used to register stimulus onset times into the
continuous EEG data after synchronising both time axes. Eye movement related potentials were computed
from wirelessly recorded EEG data.
Independent component analysis and subsequent back-projection of the independent component weights
onto scalp level data revealed four independent components of interest. A strong positivity peaking at 90.ms
over occipital electrodes was identified as the lambda component (IC1). When faces, but not places were
viewed, a face-specific component (IC6) presented as a sharp negative peak at 159.ms over occipito-temporal
areas of the cortex. Two separate components were identified in relation to encoding place images. A bilateral
occipital positivity at 129.ms (IC2) was observed, followed by a negative component peaking at 183.ms (IC7)
over the posterior midline when viewing places. None of the independent components showed effects of
familiarity.
Our results align with previous studies showing a lack of N170 modulation by familiar face and place images
relative to unfamiliar ones. These results accord with our previous study demonstrating mobile brain and body
imaging can accurately detect face and place components in the brain.
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Novel intravital assessment of muscle cytosol H202 content supports a key
role for motor unit remodelling in sarcopenia.
Caroline Amy Staunton, Aphrodite Vasilaki, Richard Barrett-Jolley, Anne McArdle, Malcolm J
Jackson
MRC-Arthritis Research UK Centre for Integrated Research into Musculoskeletal Ageing (CIMA), Institute of Ageing and
Chronic Disease, University of Liverpool

Sarcopenia; the age-related loss of muscle mass and function, significantly affects quality of life in the ageing
population and has been linked to remodelling and loss of motor units. Reactive oxygen species (ROS)
generation, inflammation and FOXO-dependant muscle atrophy are three key pathways associated with
muscle dysfunction and this study focusses on the role of H202 in skeletal muscle ageing.
The aim was to determine whether increases in H202 concentration occur in skeletal muscle fibres from adult
(6-8 months) and old (26 months) mice and whether this was confined to denervated fibres, or additionally to
healthy muscle fibres with intact neuromuscular junctions.
The role of hydrogen peroxide (H202) in motor unit remodelling was examined using AAV-mediated
transfection of cyto-Hyper2 (a highly specific H202 probe), into muscle of a transgenic Thy-1 CFP mice. AAV6Hyper2 (5x1010 vg/ml) was directly injected into the anterior tibialis (TA) muscles of mice at 28 days prior to
surgical crush of the common peroneal nerve and the TA muscles of these mice were imaged using intravital
fluorescence microscopy at 3, 7 and 21 days post-crush. Electrophysiological approaches are also being utilised
on sciatic nerve-muscle preparations to examine the structure and function of both the NMJ and associated
fibres and neuromuscular transmission changes with age.
Data from the sequential intravital images from adult mice showed that that the TA muscle fibres following
nerve crush had an elevated H202 content that was statistically significant (p<0.001) by 7 days post nerve
crush which coincided with the time at which neuromuscular junction (NMJ) breakdown occurred at the
presynaptic terminus. Complete loss of pre-synaptic structure of the NMJ was seen by 7 days post-crush when
H202 levels remained elevated and when skeletal muscle fibre atrophy was apparent. At 21 days post-injury,
full reinnervation of the muscle had occurred with both pre and post-synaptic structures intact although there
remained some faint AChR clustering. At this time point the muscle fibre H202 levels had returned to baseline
values.
In light of these unique data, we are currently examining aged Thy-1 CFP mice (26 months old) to determine
the fibre H202 content following nerve injury, as well as using the electrophysiological studies to explore
neurotransmission and the regenerative capacity of the neurons. Potential therapeutic targets are also being
examined using RNA-seq approaches to identify novel sprouting factors and proteins of interest that could be
driving these processes.
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Tool use without visual feedback reveals (some) evidence for the
development of internal models of tools
Pierre-Arthur Suray, Simon J. Watt
School of Psychology, Bangor University

It is often claimed that humans use tools as if they are a part of the body. ‘Normal’ hand movements are
thought to rely on internal models of the hand and arm that allow the brain both to anticipate the
consequences of motor commands, and interpret proprioceptive feedback. Tools pose a challenge because
they alter the mapping between hand posture and movements of the tool tips. The tool-as-body-part account
implies that new internal models taking into account tool properties need to be created. Previous studies have
shown that we learn to take account of different tool-induced remappings of hand posture quite quickly.
However, vision was always available, so this behaviour could reflect reliance on visual control strategies. We
probed the presence of internal models of tools by examining movements made when visual feedback was
unavailable. Twenty participants were trained to grasp objects with three pliers-like tools, each with a
different hand-tool mapping, in four training sessions spread across four consecutive days. We removed vision
at movement onset in a subset of blocks during each session. Removing visual feedback has consistent, but
limited, effects on normal grasping movements. Finding similar effects during tool use would indicate the
presence of internal models akin to those underpinning normal grasping. Different effects would suggest
greater reliance on vision, a less well-developed, or even non-existent, internal model of the tool. For all tools,
with full vision, movement speed increased with training while the proportion of successful grasps stayed the
same, indicating learning. However, the pattern of effects of removing visual feedback resembled the effect on
normal grasping for some, but not all tools. Taken together, the results suggest that visual control strategies
precede creating internal models of tools, and that how rapidly an internal model is created depends on the
precise nature of the remapping.
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Memory Strategies & Ageing: differences for spatial and temporal clustering
in episodic memory.
Deborah Talamonti1, Daniel P.A. Clark2, Davide Bruno1
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2

School of Natural Sciences & Psychology, Liverpool John Moores University
Department of Psychology, Liverpool Hope University

Older adults typically perform more poorly than younger adults in memory tests of recall (Kahana et al., 2002).
This age-related deficit was investigated in the present study by exploring whether a preference for a specific
memory strategy (i.e., temporal vs. spatial clustering) was influenced by age differences. Performance was
compared between 45 younger and 45 older participants on a free recall task, where either a temporal or
spatial strategy (but not both simultaneously) could be employed to retrieve semantically unrelated stimuli.
The results show that older adults have a preference for spatial rather than temporal clustering, whilst
younger participants displayed the opposite pattern. This finding was qualified by conducting further analyses
on the older group: participants with potential cognitive impairment (MOCA < 26) were more reliant on spatial
clustering than individuals with better overall cognitive ability. Our findings support that temporal organization
in memory is affected by ageing, and suggest that shifting from temporal to spatial clustering may compensate
for the age-related decline. Future research should consider whether loss of temporal organization in older
adults may be an early sign of medial-temporal lobe pathology and possible neurodegeneration.

References
Kahana, M. J., Howard, M. W., Zaromb, F., & Wingfield, A. (2002). Age dissociates recency and lag recency
effects in free recall. Journal of Experimental Psychology: Learning, Memory, and Cognition, 28(3), 530.
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Electrocortical correlates of value-guided choice: an eye-fixation related
potentials study
John Tyson-Carr1, Vincente Soto1, Katerina Kokmotou1, Hannah Roberts1, Nicholas Fallon1,
Adarm Byrne1, Timo Giesbrecht2, Andrej Stancak1
1
2

Department of Psychological Sciences, University of Liverpool
Unilever, Research and Development, Port Sunlight, UK

Value-based decision making is concerned with how we choose from several available alternatives based on
their subjective value. The present study aimed to investigate neural signals related to value-guided choice and
how they evolve over time during an auction task, utilising eye-fixation related potentials (EFRPs).
Participants completed a Becker-DeGroot-Marschak (BDM) auction task involving products priced up to £8
wherein half of stimuli were presented in either a free or forced bid protocol. Stimuli were split into three
value categories of low, medium and high value based on subjective willingness-to-pay (WTP). Fixations were
organised into five 800 ms time-bins encompassing the objects viewing. Independent component analysis (ICA)
was applied to the data to identify distinct components representing cognitive processes underlying valueguided choice and independent components were grouped into 18 clusters.
Two ICs were found to represent fixations for high value products with increased activation over the left part
of the scalp. An IC covering a frontocentral region of the scalp coded the intermediate values. Finally, one IC
displaying activity over the right frontal scalp region responded to low-value items. Only one IC showed
statistically significant differences for three value categories over the consecutive 800-ms bins.
Results suggest that the subjective value of goods is encoded using sets of brain activation patterns which are
tuned to respond to either low, medium, or high values. Each of these sets starts to respond early on during
viewing an object and remain active over the entire viewing period. Data indicates that the right frontal region
of the brain, possibly the right orbitofrontal cortex, responds to low values, and the left frontal region to high
values. These hemisphere differences in encoding low- and high-value items accord with previous studies
demonstrating hemisphere differences between positive and negative affective stimuli, such as odours or
emotions.
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The effects of a neurotoxin-based fusion protein on spontaneous nerve
activity in the bumblebee Bombus terrestris.
Joshua Wahlers1, A. O. O'Reilly1, E. C. Fitches2, S. M. Williamson1
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Intensive arable farming methods provide ideal conditions for insect crop pests. In order to minimise crop
losses to these pests, farmers are controlling populations with broad-spectrum pesticides such as
neonicotinoids. Whilst effective, these pesticides effect a range of organisms within the ecosystem including
beneficial insects such as bees. As resistance to these pesticides increases and more environmental effects
related to broad-spectrum pesticide use become apparent there is a need for new pesticides which show both
novel modes of action and specificity to target organisms.
The fusion protein ProMod-Hv1a/GNA (FP5) is formed by fusing the voltage-gated calcium channel blocking
neurotoxin ω-hexatoxin-Hv1a with the plant lectin Galanthus nivalis agglutinin (GNA). FP5 has a novel mode of
action, has been shown to be effective at controlling a number of pest species and importantly has been
shown to cause no effect on the survival or behaviour of the beneficial species Apis mellifera and Bombus
terrestris.
B. terrestris were injected with 5µl of solution containing one of the following; FP5, GNA, the neonicotinoid
thiamethoxam or the calcium channel blocker Verapamil. Spontaneous nerve activity was measured by
inserting electrodes into the ventral plane of the bee’s thorax and abdomen, amplifying the signal using an
open-source bio-amplifier and recording the output. Measurements of nerve activity were taken for three
minutes after allowing the treatment three minutes to take effect.
Preliminary results indicate that FP5 causes no increase in spontaneous nerve activity, lending further weight
to the previously reported claim that FP5 is bee safe. Future research will look at modelling the bee calcium
channel in order to suggest how FP5 and their target channels interact, as well as investigated FP5’s effects on
other agriculturally important fauna.
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The emergent encoding of human interactions in the brain
Jon Walbrin, Kami Koldewyn
Bangor University

Recent evidence suggests that static human interactions are encoded holistically, rather than in a part-by-part
manner (Baldassano et al., 2017; Ding et al., 2017; Papeo et al., 2017). Recent work also demonstrates that a
region of the posterior superior temporal sulcus (pSTS) is selective for social interaction perception (Walbrin et
al., 2018). Interestingly, this region is proximal to regions of cortex shown to play a key role in visual feature
integration (Pollmann, et al., 2014), as well as multi-modal social information (Calvert et al., 2001). However, it
is not currently known whether the pSTS encodes interactions between individuals in an integrative manner.

To test this possibility, we devised a novel fMRI experiment in which participants viewed brief videos of
interactions between two actors engaging in 3 types of interaction (arguing, celebrating, laughing), as well as
‘solo’ versions of these stimuli (i.e. the same videos, but with one of the actors removed). We trained a
classification algorithm to differentiate fMRI voxel patterns underlying each interaction type, then tested
performance on either interaction stimuli, or on pattern averages evoked by solo stimuli. We hypothesized
that multiple regions might significantly classify between interactions, but that any region demonstrating
‘emergent’ encoding of interactive behaviour would show poorer classification of the solo stimuli, than for the
interaction stimuli. We tested this approach in multiple social brain regions, and found that whilst both the
pSTS and EBA significantly classified between the 3 interaction types, only the EBA showed an emergent effect.
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Individual differences in pupil size encoding
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The size of a person’s pupils is known to affect an observer’s perceptions of that individual’s attractiveness or
character. While classically the literature suggests that a face with dilated pupils is perceived more positively
than a face with constricted pupils, an overview of research since the 1960s paints a more complicated picture,
with the effects of pupil size on person perception interacting with other factors, such as the gender of the
individual and of the observer. Pupil size effects on person perception are particularly interesting because
unlike other social cues such as facial expressions, pupil size appears for the most part to be perceived outside
of conscious awareness. Recently, researchers demonstrated for the first time that pupil size changes are
encoded into long-term memory, shaping lasting person perceptions beyond the moment of an interaction.
Again, the gender of the face being observed modulated the influence of pupil size, and for the first time
trustworthiness was shown to also modulate pupil size-driven changes in perception perception. The studies
presented here replicate and extend this later body of work on pupil size encoding effects, focussing this time
on the effects of individual differences and participant gender.
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Functional analysis of novel epilepsy mutations in STXBP1
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Epilepsy is a group of neurological disorders characterized by epileptic seizures which are caused by
disturbances in the electrical activity of the brain. Genetics has long been recognised to play an important role
in many types of epilepsy and some genetic variants associated with epilepsy have been identified over recent
years. However, we now need to understand how mutations in the identified genes contribute to epilepsy and
to translate this into potential therapies. This project will address these issues by focusing on STXBP1
(Syntaxin-binding protein 1) - the second most commonly mutated gene in infantile epilepsies. STXBP1 (also
known as MUNC18-1) is a member of the SM (Sec1/Munc18) family of membrane trafficking proteins essential
for neurotransmitter release.
Our aims are to characterise the functional effects of disease-causing mutations in STXBP1 and to search for
genetic modifiers that can ameliorate the consequences of those mutations.
In this study, we first made epilepsy-associated mutations in human STXBP1 and then generated transgenic C.
elegans with the mutations. These humanised animal models will be analysed for alterations in
neurotransmission and behaviour by Thrashing assays, Aldicarb experiments and EPGs
(Electropharyngeograms).
Our preliminary data shows that C180Y mutation in STXBP1 results in significant movement defect in worms,
whereas mutations P335L and R406H display little difference with the wild-type Munc18 rescue in terms of
thrashes per minute. Aldicarb results indicate that all mutations (including Munc18 rescue) show an increased
response/sensitivity to acetylcholinesterase inhibitor Aldicarb (i.e. HIC phenotype) compared to N2 wild-type
worms. However, EPG recordings demonstrate that all 3 mutations lead to abnormal pharyngeal electric
activity with a lower frequency of pumps and irregular inter-pump durations, which suggests some of the
mutations in STXBP1 may cause epilepsy by altering electrophysiology of neurons in the brain.
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