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As I write this, we 
are three weeks out 
from our inaugural 
ET Virtual Education 
Conference.  We 
currently have 
more than 1,300 
registrants. We want 
to say thank you 
to our corporate 
partners who stepped 
up to support this 

event. A special thank you to Sage Therapeutics, Biogen 
and Praxis Precision Medicines who committed to 
presenting sponsorships, and to Jazz Pharmaceuticals 
who committed to a platinum sponsorship. If you were 
not able to attend the conference live, all the sessions 
were recorded and will be shared later on our YouTube 
channel.

In the area of education, we continue to produce our 
podcasts and webinars. Our most recent podcast featured 
a conversation with Nichole Harrison, better known as 
Shakey Nan. Nichole has become a worldwide sensation 
with her social media posts, which promote ET awareness 
and often discuss the resources the IETF provides. If you 
have not seen her videos on Facebook and TikTok I’d 
encourage you to watch them.

To access all of our virtual events, go to our website and 
click on What We Do/Educational Programs. The IETF 
would like to thank our corporate partners Medtronic, 
Abbott, Boston Scientific, Insightec, Sage Therapeutics, 
Jazz Pharmaceuticals, Cala Health, and Allevion 
Therapeutics for their support of these programs. We will 
continue to schedule a variety of podcasts and webinars 
and promote them through Tremor Gram and our social 
media channels.

We awarded our scholarships for the fall 2022 semester 
in June. We received 18 applications and the IETF 
scholarship committee selected four recipients.  All four 
are featured in this issue highlighting their inspirational 
stories and academic achievements. 

We also selected the recipient of our most recent 
research grant. Dr. Guy Rouleau and his team at McGill 
University in Montreal were awarded a $75,000 grant. 
His research project has three goals using more relevant 
techniques and cellular models to understand 1) the 
role of different cerebellar cells in ET, 2) the effects 
that genetic risk factors for ET have on the expression 
of certain genes in the cerebellum and 3) the effects of 
propranolol on cerebellar cells derived from ET patients.  
More details on the IETF grant process and Dr. Rouleau’s 
project can be found in this issue.

We hope you enjoy this issue of Tremor Talk which also 
includes stories on the new Steadi-Two device from 
Steadiwear and our cover story on Jill Mars, who uses her 
participation in scholarships pageants as a platform to 
raise ET awareness, just to name a few.

As always, there is a lot going on at the IETF. But none 
of this happens without your support. Your donations 
are appreciated and allow us to continue to build on our 
mission to provide hope to the ET community through 
awareness, education, support, and research. We love to 
hear from you so please feel free to contact us with any 
questions, concerns, or ideas you might have. If you have 
moved recently or your email address has changed, please 
let us know so we can update our records and stay in 
touch.
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Sincerely,

Patrick McCartney
Executive Director, IETF

Update from the Executive Director
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Confidentiality Statement: The IETF does not sell or 
share any member or non-member personal information, 
including physical addresses, email addresses and 
phone numbers.

This publication is not intended to provide medical advice 
or be a substitute for qualified medical care. Appropriate 
treatment for your condition should be obtained from 
your physician. The content of this publication offers 
information to those with essential tremor. The IETF does 
not endorse any product advertised in this publication 

unless otherwise stated. 

Please send comments, questions, and story ideas 
to: IETF Tremor Talk Editor, PO Box 14005, Lenexa, 
Kansas 66285-4005 USA or call toll free 888-387-3667 
or email tammy@essentialtremor.org.

HAVE YOU MOVED? Email us your new contact 
information, info@essentialtremor.org. Use the subject 
line “Change of Address.”  

On the Cover: 
Jillian Mars uses essential tremor as her 
social impact initiative when competing in 
Miss America scholarship pageants.  
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Why is it so Difficult to Find Genetic 
Causes in a Condition Frequently Familial? 

Alfonso Fasano, MD, PhD
Edmond J. Safra Program in Parkinson’s Disease, Mor-
ton and Gloria Shulman Movement Disorders Clinic, 
Toronto Western Hospital, UHN, Toronto, Ontario, 
Canada. Division of Neurology, University of Toronto, 
Toronto, Ontario, Canada
Krembil Brain Institute, Toronto, Ontario, Canada

Department of Parkinson’s Disease & Movement Dis-
orders Rehabilitation, Moriggia-Pelascini Hospital – 
Gravedona ed Uniti, Como, 22015, Italy.

According to the recent classification of the International 
Parkinson and Movement Disorder Society (IPMDS), 
essential tremor (ET) is a movement disorder character-
ized by a bilateral upper limb action tremor for at least 
three years in the absence of other neurological signs, 
except for the cogwheel phenomenon during passive limb 
movements. A certain progression of tremor in other body 
parts as well as other neurological and non-neurological 
problems is possible over time. ET is indeed a very diverse 
condition, yet it is very common, with a prevalence in the 
general population of about 1%, and up to 5% in individ-

uals over the age of 65. The recent IPMDS classification 
has emphasized that ET is an axis I diagnosis, namely it is 
a syndrome with many possible biological underpinnings.

What Causes ET?
ET might be influenced by both genetic and environ-
mental risk factors including neurotoxic compounds (e.g., 
β-carboline alkaloids or ethanol). The high heritability 
of ET was shown by twin studies, which revealed that 
the concordance (or presence) of ET in identical twins 
is 69%–93% versus 27%–29% in fraternal twins. ET is 
often inherited in an autosomal dominant fashion. (“Auto-
somal” means that the gene in question is located on one 
of the numbered, or non-sex, chromosomes.) However, 
it remains unclear whether strong familial aggregation 
of ET is the result of a highly penetrant mutation or the 
combined action of several low-risk variants. (Penetrance 
refers to the proportion of people with a particular genetic 
change, such as a mutation in a specific gene, who exhibit 
signs and symptoms of a genetic disorder. If some people 
with the mutation do not develop features of the disor-
der, the condition is said to have reduced or incomplete 
penetrance.) Up to 50 genes/loci have been reported to be 

The article below gives an overview of a study published in the May 2022 Canadian Journal of Neurologi-
cal Sciences, “Whole-Genome Study of a Multigenerational Family with Essential Tremor.” The language 
in this overview is technical in some areas, which shows the complex nature of familial essential tremor. 
Dr. Alfonso Fasano, who serves on the IETF Medical Advisory Board, is one of the authors.While more 
studies are needed, the purpose of printing this article is to show that research is happening in this area. 

The Example of Essential Tremor
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associated with ET (the main ones are shown in Table 1 on 
page 6) and some genes have been shown to produce a 
different phenotype (observable trait or characteristic) in 
the same family, such as HTRA210 and TNR, e.g. also 
associated with Parkinson’s disease.

Very few studies have identified mutations (the change in 
the DNA sequence of a cell) segregating with ET-affected 
family members, most of which were not confirmed in 
other families. Poor replication of ET genes/loci points 
to the high genetic heterogeneity of ET, and the contin-
ued investigation of kindreds (related individuals) with a 
strong aggregation of ET is important. 

Recent Developments
Recently, we conducted a comprehensive genome-wide 
analysis of a large Canadian family in which six out of 
eight patients were affected by childhood-onset ET in 
four consecutive generations. Eight family members were 
available for study, including three ET patients. Whole-
genome sequencing was conducted for the four most 
informative individuals, followed by Sanger sequencing 
in the entire kindred. We searched for rare variants absent 
in the eldest unaffected individual, but present in the 
patients. Our whole-genome filtering approach revealed 
a single candidate: a rare heterozygous p. Arg90Gln 
substitution in TCP10L (rs151233771) in all three 
investigated patients. Sanger sequencing confirmed the p. 
Arg90Gln variant and revealed its absence in the rest of 
the family members. 

TCP10L gene is mapped to 21q22.11 locus and has the 
highest brain expression in the cerebellum. This is not 
surprising: over the past decade, growing evidence has 
pointed to the role of GABAergic systems and cerebellum 
as a common disease mechanism. For instance, abnor-
malities in the ET brain are centered on the Purkinje 

cells and connected neurons. Accordingly, an effective 
ET treatment (thalamic deep brain stimulation) points 
to possible abnormal cerebellar outflow pathways to the 
thalamus.

What’s Next?
A single family has limited statistical power in the 
context of genome-wide data, and future studies of 
large cohorts are required to assess the frequency of 
p. Arg90Gln in ET cases versus controls. Of note, 
the TCP10L locus was not previously reported to be 
associated with ET, and it is possible that the rare p. 
Arg90Gln variation is family-specific. Indeed, a recent 
whole-exome sequencing of eight autosomal-dominant 
ET families of Spanish origin revealed the absence of 
rare functional variants co-segregating with ET in more 
than two families. Specifically, this study identified 15 
ET-segregating rare variants with 13 of them family-
specific, overall indicating significant genetic heteroge-
neity of ET even within the same ethnic group.

Our study encourages future replication studies to 
validate the genetic link between TCP10L and ET. It 
remains to be explored if the p. Arg90Gln variation 
affects tissue-specific expression of TCP10L, which is 
a primate-specific gene encoding the TCP10L protein 
with a subcellular localization in nuclei. Currently, the 
structure of TCP10L is not solved, and it is unclear 
how the p. Arg90Gln variant might affect protein 
stability. 

Finally, due to the occurrence of mild dystonic signs, our 
patients should be more properly diagnosed with ET-plus. 
In fact, the recent IPMDS tremor classification recognizes 
the existence of “ET-plus” in the case of “soft” neurologi-
cal signs, including dystonia. How this will change the 
hunt for ET-genes is unknown at the moment.

Learn about ET research at www.essentialtremor.org/what-we-do/research/ 
or scan the QR code with your smartphone camera. 
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Why is it so Difficult to Find the ET Culprit?
As outlined above, ET is a syndrome, an umbrella term 
encompassing several diseases caused by different genes, 
environmental factors, etc. This notion explains the 
incredible phenotypic and genotypic variability. But other 
reasons have hampered our capacity to find ET culprits.
Often, we deal with family segregating private mutations 
(rare, not seen in others), or family members are not easy 
to assess due to the clinical variability (in absence of bio-
markers) and presence of phenocopies (i.e. family member 
with similar clinical features but unrelated to the cause of 
the rest of the family, tremor is common after all). Also, in 
the past, we didn’t direct our attention to mitochondrial 
genes or weren’t able to reliably detect structural variants 
(e.g., tandem repeats). For instance, the GGC expansion 
in NOTCH2NLC was recently linked to familial ET in 
Chinese kindreds. Finally, our understanding of environ-
mental contributors, how they interact with each other 
and with the individual genes as well as polygenic trans-
mission and post-translational modifications are neither 
studied nor understood. Clearly there’s a lot to do to solve 
this complex mystery: a condition so often familiar yet 
without a clear genetic culprit.

Suggested Readings
•	 Bhatia KP, Bain P, Bajaj N, et al. Consensus 

Statement on the classification of tremors. from the 
task force on tremor of the International Parkin-
son and Movement Disorder Society. Mov Disord. 
2018;33:75–87.

•	 Welton T, Cardoso F, Carr JA, et al. Essential tremor. 
Nature Reviews Disease Primers 2021;7:83

•	 Zhang M, Rohani M, Montazer Haghighi M, Sato 
C, Rogaeva E, Fasano A. Whole-Genome Study of 
a Multigenerational Family with Essential Tremor. 
Can J Neurol Sci. 2021 May 5:1-6.

Table 1. An updated list of the gene loci 
and disease-causing genes for essential 
tremor

LOCUS OR GENE GENE/FUNCTION
CACNA1G  Voltage-gated calcium channel
CTNNA3  cell–cell adhesion molecule
ETM1    Dopamine D3 receptor?
ETM2   HS1BP3?
ETM3   No associated gene found
ETM4   FUS, RNA-binding protein
ETM5   UK
ETM6   UK
HAPLN4  Binds to hyaluronic acid; 
   involved in extracellular 
	 	 	 matrix	formation
HTRA2   Caspase-dependent apoptosis;  
	 	 	 inactivates	mutations
   associated with 
	 	 	 neurodegenerative	disorders
HTRA210  UK
KCNS2   Voltage-gated potassium 
   channel subunit
LINGO1   Transmembrane glycoprotein  
   expressed in the cerebellum  
	 	 	 and	deep	grey	matter	nuclei
LINGO2   Paralogue of LINGO1
NOS3	 	 	 Regulation	of	vascular	tone
NOTCH2NLC  UK
PPARGC1A	 	 transcriptional	co-activator	for		
	 	 	 mitochondrial	function	and		
   energy metabolism
SCN11A   Voltage-gated sodium channel
SCN4A   Voltage-gated sodium channel
SLC1A2   Glial glutamate reuptake  
   transporter
SORT1	 	 	 Sorting	of	receptors	involved		
   in intracellular protein transport
TCP10L   TCP10L expressed in the 
   cerebellum.
TNR   UK
USP46	 	 	 Deubiquitinating	enzyme,		
	 	 	 regulates	GABA	action

GABA,	γ-	aminobutyric	acid;	OMIM,	Online	Mendelian	
Inheritance in Man; UK: unknown.
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Look for ET assistive devices online at www.essentialtremor.org/resource/
assistive-devices/ or scan the QR code with your smartphone camera.

essent ia l t remor.org

Steadiwear’s New Steadi-Two 
Assistive Device is Now Available 

By Mark Elias, 
CEO and Co-Founder, Steadiwear Inc. 

Background on Steadiwear Inc.
Steadiwear Inc. was founded in 2015 with the support of 
Canadian and American university incubators. The com-
pany is laser-focused on building solutions for essential 
tremor based on engineering applications derived from 
earthquake design. After launching the Steadi-One device 
and testing it with a third party clinical trial, this team is 
back with an improved solution to hand tremors – the 
Steadi-Two – an assistive device that positively impacts 
the user’s quality of life and independence.  
 
What Drives Steadiwear Inc. Toward ET?
For many people with essential tremor, simple day-to-day 
activities can become a significant challenge. After wit-
nessing my grandmother struggle to drink a cup of coffee, 
I was motivated to make a change. Essential tremor can 
lead to social isolation and anxiety, as people may feel 
embarrassed or self-conscious about their shaky hands. 
Steadiwear is committed to helping those with essential 
tremor live more independently. Our series of assistive 
devices provide tremor reduction and wrist support, assist-
ing people to complete everyday tasks with confidence 
and control. Steadiwear offers online resources, blogs, and 
testimonials on its website. If you or someone you know 
is living with essential tremor, Steadiwear is here to help. 
Please do not hesitate to contact us.

About the Steadi-Two
This self-calibrating glove is designed to reduce tremors 
in the wrist using its proprietary battery-free technology 
inspired by earthquake design technology. Contrary to 
other products on the market, there are no side effects 
or risks associated with the Steadi-Two. The device is an 

FDA-registered Class I medical device that can be used 
on either hand with minimal adjustments necessary. The 
Steadi-Two has shown tremor reduction of up to 80% 
in a lab set-
ting. Early bird 
testers were very 
satisfied with the 
outcomes while 
completing tasks 
related to eating, 
drinking, and 
writing.  
   
Status of Device 
Availability and 
Contact 
Information
After a one-year-
long pre-order 
campaign, the 
Steadi-Two 
is finally available for delivery, and we cannot wait to 
hear your feedback. Thanks to the Steadiwear team, the 
International Essential Tremor Foundation (IETF) has 
been given an exclusive offer for the ET community and 
a 30-day money-back guarantee. The Steadi-Two device is 
fully covered for all Veterans in the USA and has coverage 
from significant insurers on a case-by-case basis. 

The Steadiwear team is dedicated to ensuring your 
questions are answered while addressing your specific 
concerns. Reach the Steadiwear team at 888-505-0992 
for questions or a free consultation, or by email at info@
steadiwear.com. Learn more about Steadiwear and the 
Steadi-Two at www.steadiwear.com. Apply your $200 
discount code “IETF200” at checkout.

t r e a tmen t  
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Th ank you for your interest in Tremor Talk.
We hope you enjoyed this free preview. If
you would like to get this magazine in its
entirety in your mailbox three times a year,
just become an IETF donor.

To become a donor, call the IETF (toll free)
at 888.387.3667 or donate online at
www.essentialtremor.org/donate. 

International Essential Tremor Foundation | PO Box 14005 | Lenexa, Kansas 66285-4005 | USA
888.387.3667 (toll free) | 913.341.3880 (local) | EssentialTremor.org

The mission of the International Essential Tremor Foundation 
(IETF) is to provide hope to the essential tremor community 
worldwide through awareness, education, support and 
research.


