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Mitophagy induction inhibits Tau phosphorylation in human cells and improves 
memory in a Tau C. elegans model of Alzheimer's disease 
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Abstract 
Mitophagy is a cellular process of clearance and recycling of damaged and dysfunctional 
mitochondria, a form of selective autophagy. Mounting evidence indicate defective mitophagy as a 
hallmark of aging and age-related diseases, such as Alzheimer’s disease (AD). However, the 
intricate underlying molecular mechanisms underlying accumulation of damaged mitochondria in 
AD remains elusive. Here, we show that urolithin A (UA), a mitophagy inducer, inhibited sites of 
tau phosphorylation in human SH-SY5Y cell lines overexpressing tau isoforms; and inhibited 
memory loss in a tau-mutant C. elegans model of AD. In conclusion, we propose induction of 
mitophagy may be protective against AD-associated tau pathology and cognitive deficits. 
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Microglial involvement in inhibitory axosomatic synaptic loss in chronic Toxoplasma gondii 
infection 
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About one-third of the human population worldwide is infected with the intracellular protozoan 
parasite, Toxoplasma gondii. Acute toxoplasmosis can lead to seizures and other life-threatening 
complications in immunocompromised individuals. In healthy individuals, T. gondii can establish 
as a chronic and asymptomatic infection and achieve lifelong persistence in the host. Behavioral 
studies have shown that chronic Toxoplasma infection is associated with a variety of neurological 
deficits including reduced avoidance of feline predators, and psychotic symptoms resembling 
schizophrenia. Recently, we found that chronic infection with the type II Me49 strain of T. gondii 
leads to global changes in the distribution of glutamic acid decarboxylase 67 (GAD67), a key 
enzyme that catalyzes GABA synthesis in the brain. These findings left open the possibilities that 
inhibitory GABAergic synapses remained but lacked the machinery to function normally, or that 
GABAergic synapses were altogether lost. To begin to answer this question, we used Serial Block 
Face Scanning Electron Microscopy (SBFSEM) to identify inhibitory axosomatic synapses in the 
hippocampus and cortex regions of the mouse brain. We found reduced inhibitory axosomatic 
synapses in both regions, and interestingly, identified microglia surrounding some GABAergic 
synapses in the Me49 T. gondii infected brains. Currently, our study seeks to determine whether 
these microglia are involved in a synaptic stripping role or are playing a clearance function in 
neurophagy. 
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Mitochondrial function is a potential link between statin usage and risk of diabetes type II 
and myalgia  
 
Claus Desler1, Jon Ambæk Durhuus1, Maria Angleys1, Jens R. Bundgaard4, Flemming Dela2, Ian 
David Hickson3, Lene Juel Rasmussen1 
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4. University of Copenhagen, Department of Clinical Biochemistry, Copenhagen, Denmark 
 
 
Statins are HMG-CoA reductase inhibitors that effectively reduce hypercholesterolemia and thereby 
prevents atherosclerosis that over time can result in cardiovascular diseases such as heart attack and 
stroke. Because of the effectiveness of statins, they are some of the most commonly prescribed 
drugs worldwide with 15 million users in the US. Statin usage increases the risk of diabetes type II 
as well as myalgia and to a low degree rhabdomyolysis. All side-effects that have a major impact on 
life-quality and where the molecular mechanism responsible is unexplained. In this study we have 
measured the effect on statin usage on mitochondrial bioenergetics, mitochondrial production of 
reactive oxygen species (ROS) and other markers of mitochondrial fitness and related metabolism. 
Peripheral blood mononuclear cells (PBMCs) and platelets where extracted from blood samples 
from 61 simvastatin treated users and 16 well-matched control subjects. We found that statin usage 
was correlated with significant changes of mitochondrial bioenergetics and mitochondrial produced 
ROS. As mitochondrial function has been linked to both risk of diabetes type 2 and myalgia, we 
hypothesize that statin induced impact on mitochondrial function is an important mediator of the 
side effects of statin-usage. A better elucidation of this mechanism will allow statin usage without 
increased risk of mitochondrial related side-effects. 
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Real-time fMRI neurofeedback for episodic future thinking reduces impulsivity 
in alcohol users 
 
Harshawardhan U. Deshpande1,2, Jonathan M. Lisinski1, Sarah E. Snider1, Mikhail N. 
Koffarnus1, Warren K. Bickel1, and Stephen M. LaConte1,2 
 
1 Virginia Tech Carilion Research Institute, Roanoke, Virginia, USA 
2 School of Biomedical Engineering and Sciences, Virginia Tech, Blacksburg, Virginia, USA 
 
We report here results from a real time functional magnetic resonance imaging (rtfMRI) 
neurofeedback experiment in social drinkers and individuals with alcohol use disorder (AUD). The 
study aimed to: 1) develop a support vector classifier (SVC) of episodic future vs. present thinking, 
2) help individuals gain volitional control of brain networks responsible for modulating impulsivity 
and 3) utilize episodic future thinking (EFT) as an intervention to change out-of- scanner measures 
of impulsivity. 
 
During an fMRI scan, fifty-three participants used hypothetical purchase cues for US$50 now or 
US$100 in the future, respectively to train individual SVC brain models of episodic present and 
future thought. In a subsequent fMRI run, the trained SVC model was used to provide real-time 
neurofeedback in the form of a moving slider bar to each participant. Participants modulated their 
thoughts using the hypothetical purchase cues and demonstrated control over the slider bar with a 
mean accuracy significantly greater than chance (p<0.0001) in the neurofeedback run. False-positive 
corrected group maps relevant to the classification showed the ventromedial prefrontal cortex and 
the anterior cingulate cortex as important for future thought while the posterior cingulate cortex 
and the thalamus as important for present thought. Following the rtfMRI session, in a 
measurement of each subject’s impulsivity performed outside the scanner, participants showed 
significantly less discounting when presented with cues related to items they would purchase in the 
future compared to items they would purchase now as well as baseline discounting (p<0.05). 
 
Together, these results suggest that rtfMRI enables direct access to brain mechanisms 
regulating episodic future thinking and has the potential to be used as an intervention for 
impulsivity in the context of addiction. 
 
KEYWORDS: fMRI, neurofeedback, addiction, delay discounting 
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GABA promotes neuronal survival and axonal regeneration after spinal cord injury in 
lampreys 
 
Blanca Fernández-López1,2, Daniel Romaus-Sanjurjo1 , Rocío Ledo-García1, Kendra Hanslik3 , 
Jennifer R. Morgan3 , Antón Barreiro-Iglesias1 and María Celina Rodicio1  
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The poor regenerative capacity of descending neurons is one of the main causes of the lack of 
recovery after spinal cord injury (SCI). Thus, it is of crucial importance to find ways to promote 
axonal regeneration. In addition, the prevention of retrograde degeneration leading to the 
atrophy/death of descending neurons is an obvious prerequisite to activate axonal regeneration. 
Lampreys show an amazing regenerative capacity after SCI. Recent histological work in lampreys 
suggested that GABA, which is massively released after SCI, could promote the survival of 
descending neurons. Here, we aimed to study if GABA, acting through GABAB receptors, 
promotes the survival and axonal regeneration of descending neurons of larval sea lampreys after a 
complete SCI. First, we used in situ hybridization to confirm that identifiable descending neurons of 
late-stage larvae express the gabab1 subunit of the GABAB receptor. We also observed an acute 
increase in the expression of this subunit in descending neurons after SCI, which further supported 
the possible role of GABA and GABAB receptors in promoting the survival and regeneration of 
these neurons. So, we performed gain and loss of function experiments to confirm this hypothesis. 
Treatments with GABA and baclofen (GABAB agonist) significantly reduced caspase activation in 
descending neurons 2 weeks after a complete SCI. Long-term treatments with GABOB (a GABA 
analogue) and baclofen significantly promoted axonal regeneration of descending neurons after 
SCI. These data indicate that GABAergic signalling through GABAB receptors promotes the 
survival and regeneration of descending neurons after SCI. Finally, we used morpholinos against 
the gabab1 subunit to knockdown the expression of the GABAB receptor in descending neurons. 
Long-term morpholino treatments caused a significant inhibition of axonal regeneration. This 
shows that endogenous GABA promotes axonal regeneration after a complete SCI in lampreys by 
activating GABAB receptors. 
 
Blanca Fernandez Lopez   blanca.fernandez@helsinki.fi 
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Early life exposure to SSRI antidepressants induces depression-like behavior 
in adult offspring through changes in perinatal hippocampal DNA methylation 
 
Glover ME1, McCoy CR1, and Clinton SM1 

 
1 School of Neuroscience, Virginia Tech University, Blacksburg, VA 24016, USA 
 
Evidence in humans and rodents suggests that perinatal exposure to selective serotonin reuptake 
inhibitor (SSRI) antidepressants can have serious long-term consequences in offspring exposed in 
utero or infancy via breast milk. In spite of this, there is limited knowledge of how perinatal SSRI 
exposure impacts brain development and adult behavior. Children exposed to SSRIs in utero exhibit 
increased internalizing behavior and abnormal social behavior between the ages of 3-6, and 
increased risk of depression in adolescence; however, the neurobiological changes underlying this 
behavior are poorly understood. In rodents, perinatal SSRI exposure perturbs hippocampal gene 
expression and alters adult emotional behavior (including increased depression-like behavior). The 
present study demonstrates that perinatal exposure to the SSRI paroxetine disrupts DNA 
methylation levels and DNA methyltransferase 3a (Dnmt3a) mRNA expression in the hippocampus 
during the second and third weeks of life. Next-generation sequencing identified numerous 
differentially methylated genomic regions, including altered methylation and transcription of 
several dendritogenesis-related genes. We then tested the hypothesis that transiently decreasing 
Dnmt3a expression in the early postnatal hippocampus would mimic the behavioral effects of 
perinatal SSRI exposure. We found that siRNA-mediated knockdown of Dnmt3a in the dentate 
gyrus during the second week of life produced greater depression-like behavior in adult female (but 
not male) offspring, akin to the behavioral consequences of perinatal SSRI exposure. Overall, these 
data suggest that perinatal SSRI exposure alters normal hippocampal development and increases the 
risk of depression in the offspring.   
 
Keywords: Epigenetics, antidepressant, DNA methylation, development, depression  
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Brain networks in a graph theoretical framework: EEG source connectivity predicts 
neuropsychological functioning in temporal lobe epilepsy  
 
Hatlestad-Hall, C.1, Erichsen, E.A.1, Stangeland, H.1, Solbakk, A.K.2, Taubøll, E.3,4,  
Haraldsen, I.H.1 
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Dysfunctional brain networks are considered an important pathophysiological component in various 
neurological conditions, including Alzheimer’s disease (AD) and temporal lobe epilepsy (TLE). 
Consequently, the mapping and analysis of such disturbed brain networks may hold great promise 
as a potential early biomarker for disease progression, and potential intervention. Emerging 
evidence indicates an association between metrics indexing brain network characteristics and 
domain-specific individual neuropsychological and behavioral deficits. The current study aims to 
map functional network properties in TLE patients and evaluate their potential in predicting 
characteristics of neuropsychological deficits. In pursuit of this goal, electroencephalography (EEG) 
source connectivity data and neuropsychological performance scores will be collected from 40 TLE 
patients and 40 healthy controls, aged 40-65 years. We predict that cognitive dysfunction in 
temporal lobe epilepsy patients is not limited to deficits of hippocampus-dependent functions (i.e. 
episodic memory), but are widespread, and when analyzed using graph theory, characterized by 
poorer functional segregation between domains of cognition compared to healthy controls. 
Moreover, we expect to find evidence of altered interictal network properties in TLE patients 
compared to healthy controls, and that measures of interictal EEG source functional connectivity 
predict neuropsychological impairment in these patients. 
 
KEYWORDS: Network connectivity, Epilepsy, Alzheimer’s disease, EEG, Graph theory 
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Insula, but not dACC, is necessary for risky decision-making under social influence: a 
lesion study 
 
Orloff MA1,2,*, Chung D1,3,*, Gu X4,*, Gao Z5, Song G5, Tatineni C4, Wang X5, Xu S5, King-
Casas B1,6, and Chiu PH1,6 

*These authors contributed equally 
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Decisions in social contexts are made by combining personal preferences with information from 
others. However, it remains unknown whether individuals are able to utilize social information in 
the decision-making process when they have impairments making preference-based decisions. 
Here, we administer a gambling task where risky choices are made alone and after observing 
others’ choices to humans with lesions in brain regions implicated in risky decision-making: 
insula and dorsal anterior cingulate cortex (dACC). Lesions were a consequence of surgical 
tumor resections, and locations were verified by a research assistant blind to the study design and 
behavioral results. While those with insula and dACC lesions had impaired individual risky 
decision-making, only those with insula lesions were impaired when making risky decisions 
under social influence. Specifically, decisions made by those with insula lesions were largely 
based on the choices of others. These results provide a model-based explanation for how 
individuals with impaired risk preferences use social information to make risky (or safe) choices. 
All participants provided written informed consent and were paid for their participation. The 
study was approved by the Institutional Review Boards of Virginia Tech and Tiantan Hospital of 
Capital University of Medical Sciences, Beijing, China. 
 
 
KEYWORDS: Computational neuroscience; lesion; decision-making; social influence  
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KCC2 regulates migration of pyramidal neurons in the developing mouse neocortex in 
an ion transport-independent manner 
 
Puskarjov M1, Mavrovic M1, Uvarov P1, Vutskits L2,3, Kaila K1 
 

1 Laboratory of Neurobiology, Molecular and Integrative Biosciences, and HiLife, University of Helsinki.  
martin.puskarjov@helsinki.fi 
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2 Department of Fundamental Neurosciences and Geneva Neuroscience Center, University of Geneva. 
laszlo.vutskits@unige.ch 
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Uncovering key cellular processes that regulate migration of pyramidal neurons is important in 
order to understand normal and pathological development of the cortex. The main neuronal chloride 
extruder, KCC2, is known to mediate the developmental shift of GABAA-receptor signaling from 
excitatory to inhibitory. This shift has been proposed to regulate the migration rate of interneurons. 
KCC2 is a multifunctional protein, which has been found to regulate actin dynamics in dendritic 
spines in an ion transport-independent manner.  However, it is not known whether KCC2 plays a 
role in the migration of pyramidal neurons. Here we show using an in vivo gene replacement 
approach that KCC2 regulates the migration rate of neocortical pyramidal neurons in an ion 
transport-independent manner. We used in utero electroporation of Cre recombinase plasmid in 
E14.5 KCC2lox/lox mouse embryos to ablate Slc12a5, the gene encoding KCC2, and found that its 
loss resulted in a marked increase in the migration rate of pyramidal neurons at E18.5. Strikingly, 
we were able to rescue the above effect by replacing the endogenous mouse KCC2 with not only a 
construct encoding full-length KCC2 but also an N-terminally truncated ion transport-deficient 
variant. Furthermore, the rate of migration was similarly normalized by a KCC2 point variant 
(KCC2-R952H) which is incapable of promoting spinogenesis. Taken together, our work 
demonstrates a novel mechanism whereby KCC2 controls the migration of cortical pyramidal 
neurons. 
 
KEYWORDS: GABA, neuronal migration, KCC2 
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CDNF is neuroprotective in a toxin model of Huntington’s disease 
 
Stepanova P1, Lindholm D2, Voutilainen MH1 
 
Institute of Biotechnology1, University of Helsinki, Helsinki, Finland. Institute of 
Biomedicine2, University of Helsinki, Helsinki, Finland. 
 
Huntington’s disease (HD) is an autosomal dominantly inherited progressive neurodegenerative 
disorder characterized by motor and non-motor symptoms. The degeneration of striatal neurons is 
the main possible cause of neuropathology of HD. Furthermore, protein folding stress at the 
endoplasmatic reticulum (ER) may contribute to HD-related neurodegeneration. The actual causes 
of ER stress in HD are poorly understood. Currently, no effective treatments for HD is yet 
available. Clinical translation of pharmacological interventions for HD has been largely 
unsuccessful although drug candidates for treatment of HD have been successful during pre-
clinical development. 
 
Cerebral dopamine neurotrophic factor (CDNF) is an evolutionarily conserved protein that is located 
in  the ER, which has been discovered in our laboratory. CDNF protects and repairs mammalian 
rodent and non-human primate dopaminergic neurons in vivo. The structure of CDNF is different 
from all other known neurotrophic factors (NTFs), consisting of two structural domains, a saposin- 
like N-terminal domain, and the carboxy-terminal SAP-like domain, containing a conserved 
CXXC motif and ends with ER retention signal. CDNF may regulate ER stress and unfolded protein 
response (UPR)  intracellularly, by  the  secreting  from  the  cells  to  extracellular space  during  
ER-stress. Moreover, CDNF is a stable protein, which diffuses in brain tissue better than any 
other NTFs. We have shown the therapeutic potential of CDNF in rodent and non-human 
primates models of Parkinson`s disease (PD) and showed that CDNF is a potent molecule to 
protect DA neurons and more importantly restore their function. Importantly, CDNF is currently in 
clinical phase I/II trials on PD patients. 
 
This report represents the first positive neuroprotective effects of a single CDNF administration in 
the QA (Quinolinic acid) rat model of HD. Wistar male rats were received a single 
unilateral intrastriatal QA-injection (225nmol) and in two weeks after lesion CDNF (10 µg) or 
vehicle were injected into the same site. CDNF treatment improved the muscle strength and motor 
coordination. CDNF significantly increased the number of NeuN-positive neurons in the striatum 
in comparison with control group. Moreover, DCX-immunoreactivity was significantly higher 
in CDNF-treated group in comparison with control group. Based on our results, CDNF is a 
potential new drug candidate for treating Huntington’s disease. 
 
KEYWORDS: CDNF, neurotrophic factors, Huntington’s disease, quinolinic acid, 
neurodegenerative diseases 
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Temporal changes in cardiorespiratory fitness and incident dementia and dementia mortality 
 

Tari, AR.1, 2, Zisko, N.1, Nauman, J.3, Scrimgeour, N.1, Wisløff, U.1, 4 
1 K.G. Jebsen Center of Exercise in Medicine, Cardiac Exercise Research Group (CERG), 
Department of Circulation and Medical Imaging, Faculty of Medicine and Health Sciences, 
Norwegian University of Science and Technology Trondheim (NTNU) 
2 St. Olavs Hospital, Trondheim University Hospital 
3 United Arab Emirates University, Al-Ain, United Arab Emirates 
4 School of Human Movement & Nutrition Sciences, University of Queensland, Australia 
 
Worldwide prevalence of dementia is estimated to triple by 2050. The disease is ultimately fatal 
with no effective treatment or cure to date. The research field has shifted focus towards prevention 
with high age-relative cardiorespiratory fitness (CRF) emerging as one of the most promising 
prophylactics. 
We aimed to investigate the association between CRF and temporal changes in CRF over two 
decades with risk of incident dementia and dementia-related mortality. We used a cross-validated 
non-exercise prediction model to estimate CRF in participants from two waves of the Nord-
Trøndelag Health Study (HUNT 1: 1984–1986, 77 212 participants, and HUNT 2: 1995–1997, 
65 237 participants). This was linked to data on dementia status from the Health and Memory Study 
(1995–2011, 390 participants) and data on dementia deaths from the Norwegian Cause of Death 
Registry (from HUNT 2 until 2016 or death, whichever came first, 987 incidents, 967,268 person 
years). Using Cox regression analysis, we found that men and women with high CRF had lower risk 
of incident dementia (median follow up 7.5 years, IQR, 5.3-9.6) and dementia-related mortality 
(mean follow up 18.4±4.0 years), with a risk reduction of 42% (95% CI: 16-60%) and 46% (95% 
CI: 33-56%), respectively, when compared to those with low CRF. This is in line with previous 
studies. In addition, our study is the first to show that men and women who increased CRF over 
time (from unfit to fit) had lower risk of incident dementia and dementia-related mortality, with a 
risk reduction of 48% (95% CI: 10-70%) and 28% (95% CI: 1-48%), respectively, when compared 
to the reference group with constant low CRF. Maintaining high CRF over time was also associated 
with a reduction in risk of incident dementia and dementia-related mortality by 40% (95% CI: 1-
64%) and 44% (95% CI: 25-57%), respectively, when compared to those with constant low CRF. 
CRF is modifiable, and our data clearly indicate that achieving high CRF at midlife may reduce risk 
of dementia and dementia-related mortality. This knowledge may offer a window of opportunity to 
intervene early, in particular for Alzheimer’s disease, which has a several decades long preclinical 
phase and constitutes 70% of all dementia cases. 
 
Keywords: Cardiorespiratory fitness, dementia, Alzheimer’s disease 
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Potential role of N-benzylcinnamide in inducing neuronal differentiation from 

human amniotic fluid mesenchymal stem cells 
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Neurodegenerative disorders are characterized by chronic and progressive loss of 
neurons in structure and function related to aging, such as Alzheimer's disease, the 
latter characterized by the degeneration of cholinergic neurons in basal forebrain 
connected to the cerebral cortex and hippocampus. Amniotic fluid mesenchymal stem 
cells cAF-MSCs) have been proposed as one of the candidates for stem cell therapy of 
nervous system disorders. This study demonstrates that incubation of AF-MSCs, 
obtained from 16 to 20 week pregnant women, with 10 ng;ml bone morphogenetic 
protein cBMP)-9 for 48 h in conditioned medium resulted in transdifferentiation to 
cholinergic neuronal-like cells. This phenomenon could also be obtained with N

benzylcinnamide cPT-3). Pre-treatment for 1 h with 10 nM PT-3 augmented BMP-9 
transdifferentiation effect, elevated ~III-tubulin cell numbers and fluorescence 
intensity of immunoreac-tive ChAT, ameliorated BMP-9-related production of reactive 
oxygen species and enhanced anti-apoptosis status of the neuronal-like cells. The 
transdiffirentiation process was accompanied by increased p53 but decreased Notch1 
and SIRT1 cp53 deacetylase) levels, and activation ofp38, ERK1;2 MAPK, and 
PI3K!Akt pathways, in concert with inactivation of JNK, all of which were 
accentuated by PT-3 pre-treatment. These findings suggest that N-benzylcinnamide 
may provide a useful adjuvant in BMP-9-induced trans-differentiation of AFMSCs into 
ultimately cholinergic neurons. 

KEYWORDS: Alzheimers disease; N-Benzylcinnamide; Differentiation; Cholinergic 
neuron; Antioxidant mechanism 
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Lynxl modulates the activity of nAChRs to maintain and repair adult 
synapses 
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I Virginia Tech Carilion Research Institute, Roanoke, VA, USA 

2 Graduate Program in Translational Biology, Medicine, and Health, Virginia Tech, Blacksburg, VA, USA 
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Cholinergic transmission is essential for voluntary movement. It also plays a key role in sculpting 

and maintaining the neuromuscular junction (NMJ) and muscle fibers. Recent discoveries, 

however, indicate that aberrant changes in cholinergic activity contribute to NMJ degeneration and 

muscle atrophy that occur with increasing age and in diseases such as amyotrophic lateral sclerosis 

(ALS). We recently discovered that skeletal muscles express Lynx I , an endogenous modulator of 

nicotinic acetylcholine receptors (nAChRs). Furthermore, we found changes in the expression and 

localization of Lynxl in aged and ALS-afflicted muscles, suggesting a link between Lynxl and 

cholinergic dysregulation. Thus, we sought to determine the function ofLynx1 in skeletal muscles. 

First, we examined miniature endplate potential (MEPP) kinetics, an indirect measure ofnAChRs 

activity, in NMJs of mice lacking Lynxl. While the mean MEPP amplitude is unchanged, the rise 

time is significantly decreased at NMJs lacking Lynx l. Following post-tetanic stimulation, the late 

onset depression seen in NMJs of control mice is absent in Lynxl deficient NMJs, which also 

become more susceptible to fatigue. Second, we asked if skeletal muscles utilize Lynx 1 to preserve 

and restore the structure of NMJs. We found that loss of Lynx I accelerates NMJ degeneration 

during normal aging. Additionally, deletion of Lynx 1 delays maturation of NMJs following 

severing of innervating motor axons. Altogether, these results demonstrate that Lynx 1 aids in the 

maintenance and repair ofNMJs by desensitizing nAChRs to ACh. These data offer insights into 

the function of Lynx 1 and its potential as a therapeutic molecule for modulating the impact of 

dysregulated cholinergic activity in skeletal muscles and NMJs. 

KEYWORDS: Lynxl; Aging; ALS; NMJ; Cholinergic transmission 




