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Background: An earlier follow-up study from the CogEx reha-
bilitation trial showed little change in symptoms of depression, 
anxiety and psychological distress during the first COVID-19 
lockdown compared to pre-pandemic measurements.
Objective: Here we provide a second follow-up set of behavioral 
data on the CogEx sample.
Method: Data were obtained from the CogEx study, a randomized 
controlled trial of exercise and cognitive rehabilitation in people 
with progressive MS involving 11 centres in North America and 
Europe. Participants completed the same COVID Impact Survey 
and self-report measures of depression, anxiety and MS symp-
toms that had been obtained during the first pandemic lockdown 
period.
Results: The average time between measurements was 11.4 
(SD=5.56) months. Sample size declined from 131 to 72 largely 
because pandemic restrictions prevented data collection from 
sites in Denmark and England. There were no significant differ-
ences in age, sex, EDSS, disease course and duration between 
those who participated in the current follow-up study (n=74) 
and the group that could not (n=57). One participant caught 
Covid in the time between assessments. Participants now took a 
more negative view of their mental/psychological wellbeing 
(p=.0001), physical wellbeing (p=.0009) and disease course 
(p=.005) compared to their last assessment. Depression scores 
increased on the HADS-depression scale (p = .01) and now 
exceeded the clinically significant threshold of ⩾ 8.0 for the 
first time. Anxiety scores on the HADS remained unchanged. 
Poorer mental wellbeing was predicted by HADS depression 
scores (p=.012) and a secondary-progressive disease course 
(p=.0004).
Conclusions and Relevance: A longer follow-up period revealed 
the later onset of clinically significant depressive symptoms on 
the HADS and a decline in self-perceptions of mental and physi-
cal wellbeing associated with the COVID-19 pandemic.

Disclosure
Study Funding: Supported by the MS Society of Canada (Grant 
# EGID3185)
Conflicts of interest/Competing interest:
Anthony Feinstein is on Advisory Boards for Akili Interactive and 
Roche, and reports grants from the MS Society of Canada, book 
royalties from Johns Hopkins University Press, Cambridge 
University Press, Amadeus Press and Glitterati Editions, and 
speaker’s honoraria from Novartis, Biogen, Roche and 
Sanofi-Genzyme.
Maria Pia Amato received compensation for consulting services 
and/or speaking activities from Bayer, Biogen Idec, Merck-Serono, 
Novartis, Roche, Sanofi Genzyme, and Teva Pharmaceutical 
Industries; and receives research support from Biogen Idec, 
Merck-Serono, Roche, Pharmaceutical Industries and Fondazione 
Italiana Sclerosi Multiplav
Giampaolo Brichetto has been awarded and receives research sup-
port from Roche, Fondazione Italiana Sclerosi Multipla, ARSEP, 
H2020 EU Call.
Jeremy Chataway has received support from the Efficacy and 
Evaluation (EME) Programme, a Medical Research Council 
(MRC) and National Institute for Health Research (NIHR) part-
nership and the Health Technology Assessment (HTA) Programme 
(NIHR), the UK MS Society, the US National MS Society and the 
Rosetrees Trust. He is supported in part by the National Institute 
for Health Research, University College London Hospitals, 
Biomedical Research Centre, London, UK. He has been a local 
principal investigator for commercial trials funded by: Actelion, 
Biogen, Novartis and Roche; has received an investigator grant 
from Novartis; and has taken part in advisory boards/consultancy 
for Azadyne, Biogen, Celgene, MedDay, Merck and Roche.
Nancy D. Chiaravalloti is on an Advisory Board for Akili 
Interactive and is a member of the Editorial Boards of Multiple 
Sclerosis Journal and Frontiers in NeuroTrauma.
Ulrik Dalgas has received research support, travel grants, and/or 
teaching honorary from Biogen Idec, Merck Serono, Novartis, 
Bayer Schering, and Sanofi Aventis as well as honoraria from 
serving on scientific advisory boards of Biogen Idec and 
Genzyme.
John DeLuca is an Associate Editor of the Archives of Physical 
Medicine and Rehabilitation, and Neuropsychology Review; 
received compensation for consulting services and/or speaking 
activities from Biogen Idec, Celgene, MedRhythms, and Novartis; 
and receives research support from Biogen Idec, National Multiple 
Sclerosis Society, Consortium of Multiple Sclerosis Centers, and 
National Institutes of Health.
Cecilia Meza has no disclosures to report.
Peter Feys is editorial board member of NNR and MSJ, provides 
consultancy to NeuroCompass and was board of advisory board 
meetings for BIOGEN.
Massimo Filippi is Editor-in-Chief of the Journal of Neurology 
and Associate Editor of Human Brain Mapping, Neurological 
Sciences, and Radiology, received compensation for consulting 
services and/or speaking activities from Alexion, Almirall, Bayer, 
Biogen, Celgene, Eli Lilly, Genzyme, Merck-Serono, Novartis, 
Roche, Sanofi, Takeda, and Teva Pharmaceutical Industries, and 
receives research support from Biogen Idec, Merck-Serono, 
Novartis, Roche, Teva Pharmaceutical Industries, the Italian 



446	 Poster 28 (3S)

Multiple Sclerosis Journal 2022; 28: (3S) 130–691	 journals.sagepub.com/home/msj

Ministry of Health, Fondazione Italiana Sclerosi Multipla, and 
ARiSLA (Fondazione Italiana di Ricerca per la SLA).
Jennifer Freeman has been awarded research grants from the 
NIHR, UK
Matilde Inglese is Co-Editor for Controversies for Multiple 
Sclerosis Journal; received compensation for consulting services 
and/or speaking activities from Biogen Idec, Merck-Serono, 
Novartis, Roche, Sanofi Genzyme; and received research support 
from NIH, NMSS, the MS Society of Canada, the Italian Ministry 
of Health, Fondazione Italiana Sclerosi Multipla, H2020 EU Call.
Robert W. Motl has no disclosures to report.
Maria Assunta Rocca received speaker honoraria from Bayer, 
Biogen, Bristol Myers Squibb, Celgene, Genzyme, Merck Serono, 
Novartis, Roche, and Teva and research support from the Canadian 
MS Society and Fondazione Italiana Sclerosi Multipla.
Brian Sandroff has no disclosures to report.
Gary Cutter is a member of Data and Safety Monitoring Boards for 
Astra-Zeneca, Avexis Pharmaceuticals, Biolinerx, Brainstorm Cell 
Therapeutics, Bristol Meyers Squibb/Celgene, CSL Behring, 
Galmed Pharmaceuticals, Horizon Pharmaceuticals,Hisun 
Pharmaceuticals, Mapi Pharmaceuticals LTD, Merck, Merck/
Pfizer, Opko Biologics, OncoImmune, Neurim, Novartis, 
Ophazyme, Sanofi-Aventis, Reata Pharmaceuticals, Teva pharma-
ceuticals, VielaBio Inc, Vivus, NHLBI (Protocol Review 
Committee), NICHD (OPRU oversight committee). He is on 
Consulting or Advisory Boards for Biodelivery Sciences 
International, Biogen, Click Therapeutics, Genzyme, Genentech, 
GW Pharmaceuticals, Klein-Buendel Incorporated, Medimmune, 
Medday, Neurogenesis LTD, Novartis, Osmotica Pharmaceuticals, 
Perception Neurosciences, Recursion/Cerexis Pharmaceuticals, 
Roche, TG Therapeutics. Dr. Cutter is employed by the University 
of Alabama at Birmingham and President of Pythagoras, Inc. a pri-
vate consulting company located in Birmingham AL.
Amber Salter is a statistical editor for Circulation: Cardiovascular 
Imaging.

P451
Neuregulin-1 treatment facilitates neurogenesis and 
cognitive recovery in chronic cuprizone mouse model of 
multiple sclerosis

S. Nemati1, A. Bravo Jiménez1, S. Karimi-Abdolrezaee1

1University of Manitoba, Physiology and Pathophysiology, 
Regenerative Medicine Program, Spinal Cord Research 
Centre, Winnipeg, Canada

Cognitive impairments such as memory loss, learning, depression 
and anxiety are common symptoms in progressive multiple scle-
rosis (MS). Degree of cognitive dysfunction in MS correlates 
with the extent of neurodegeneration and hippocampal atrophy. 
Continuous adult neurogenesis by neural precursor cells (NPCs) 
supports learning and memory, and its decline in progressive 
neurodegeneration underlies MS associated cognitive deficits. 
Thus, development of targeted treatments aimed at enhancing 
neuroprotection and NPC neurogenesis is a critical step towards 
promoting cognitive recovery in progressive MS. We previously 
demonstrated that Neuregulin-1 (Nrg-1), an important factor for 
development, maintenance and physiology of NPCs, neurons 
and oligodendrocytes, diminishes in demyelinating lesions of MS 

brain and MS mouse models. Restoration of Nrg-1 bioavailability 
by peptide treatment was able to promote oligodendrogenesis and 
remyelination in acute demyelinating lesions in mice. To date the 
impact of Nrg-1 on brain neurogenesis and cognitive behavior in 
chronic demyelinating conditions is unexplored. Here, we have 
performed in vivo and in vitro studies using a cuprizone-induced 
demyelination mouse model of progressive MS and relevant in 
vitro platforms to evaluate whether Nrg-1 treatment can attenuate 
neurodegeneration and promote hippocampal neurogenesis and 
cognitive recovery. We induced demyelination in Nestin-Cre 
reporter mouse that allows tracking NPCs and their progenies. In 
chronically demyelinated cuprizone mice, we found evidence of 
hippocampal atrophy that was associated with a significant 
increase in the expression of neurodegenerative markers and a 
concomitant decline in spatial and long-term memory assessed by 
Y-mase and novel object recognition tests. In vitro neurosphere 
assay on NPCs isolated from hippocampus of chronic cuprizone 
mice confirmed smaller number of NPCs and their reduced neuro-
genic capacity. We delivered Nrg-1 subcutaneously to the mice 
that received 10 weeks of cuprizone diet. Our tissue analysis after 
4 weeks of daily Nrg-1 treatment showed a significant increase in 
proliferation and neurogenesis of hippocampal NPCs and attenu-
ation of neurodegeneration. These findings identify, for the first 
time, the potential of Nrg-1 treatment in enhancing neurogenesis 
in progressive demyelinating conditions and its promise as a ther-
apeutic strategy to promote cognitive recovery associated with 
progressive MS.
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