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1. Introduction

Delivery of the final results of the project to key stakeholders and the wider public, is a
key dissemination activity for the consortium, Task 9.3:

D9.11: Provide a range of reports across different media for dissemination of the final
project reports provides an accessible lay summary on the work of BATCure.

The production of the Report forms part of Task 9.2, to enable engagement with
relevant stakeholders to ensure the timely translation of the research to a clinical
application.

1.1. General context

The BDFA has taken the lead with UCL and all consortium partners to implement the
communication & dissemination strategy outlined in MS8 & MS9, throughout the
project. This has utilised a range of media resources for communication, dissemination
and public & professional engagement for the consortium and other stakeholders.
These resources include websites, Facebook, Twitter, publications, posters, leaflets,
lay reports, with a limited supply available as printed matter.

Delivery of the final results of the project is a key dissemination activity for the project
as the BATCure consortium is committed to the timely and effective dissemination and
transfer of project results so the knowledge and outcomes are exploited to their full
potential. The research and other related outcomes developed so far are diverse, as
are the potential end users. It is of value to provide as much flexibility of access and
longevity to the reports as possible.

1.2. Deliverable objectives

The key audiences for BATCure are as follows:

o Patients & affected families: Patients, affected families, including health care
professionals.

e Scientific Community: NCL Professionals, Scientists, Clinicians, Researchers,
Students.

e Regulators: EMA, FDA

e Industry: Pharma organisations

e Wider public

Therefore, the main deliverable objectives were the following:

e To produce a full lay report presenting the key achievements of each of the
consortium partners to inform the key stakeholders as previously identified.

e To produce reports that meets the needs of the primary stakeholder group,
patients and affected families, and that has relevance to other key groups.
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e To produce a report that can be adapted and delivered across a range of
media.

e To produce reports able to be adapted and delivered across a range of formats,
with minimal reliance on printed copies.

e To produce reports that could subsequently be translated into major EU
languages

2. Methodological approach

Families’ understanding of research, preferred information formats, platforms and their
preference for lay information from reliable professional sources were incorporated into
the final design of the lay report for the project. This was based on the findings from the
BATCure Family Survey (D9.7), on preferred methods of dissemination for research
findings.

The report format was designed to reproduce well in electronic form and printed
version.

3.  Summary of activities and research findings

Each partner provided a lay report of their work, the BDFA and UCL collated and edited
the information. The BDFA produced the final report, attached.

The format was based on previous successful BATCure publications such as flyers,
Family Survey Report, to provide continuity.

4, Conclusions and future steps

The report has been well received and disseminated to the consortium and all key
stakeholders. The BDFA and BATCure websites have been updated to reflect that
BATCure has been successfully completed and the major project achievements.

Social media will be utilized to promote the report, with links to obtain a copy, as
evidenced in D9.7.

The aim is for all partners to continue to disseminate the report beyond the end of the
project. The BDFA intends to continue to work closely with fellow non-profit
organisations to promote the achievements of BATCure within the NCL community,
within the EU and worldwide.

Translations are in progress for the main 5 EU languages (English, French, German,
Italian, Spanish), and further languages will follow. The report can be easily adapted to
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accommodate new language text as and when required. Polish, Chinese, and
Norwegian translations are in progress.

5. Publications resulting from the work described

BATCure Final Report (Lay Version) — English

BATCure Executive Summary (Lay Version) — English

BATCure Executive Summary (Lay Version) — French, German, Italian, Spanish (by
Sept 2019)

Both the Final Report and Executive Summary available in electronic and limited
printed copies.

6. Appendix

BATCure Final Report (Lay Version) — English
BATCure Executive Summary (Lay Version) — English
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Project achievements

For the best chance of success, in any rare disease, and
Batten disease is no exception, the basis for any future
treatment must be based on science driven research of
the highest quality. BATCure was designed to work in
this way - to bring together a talented, diverse group
with the necessary skills and expertise to offer a novel
strategic and integrated approach to a set of very
complex diseases.

“I truly enjoy working with the top researchers from

all around Europe who are devoted to developing

tr ts for Batten di: My role within mepm}ecl

is to provide fi 1al, I and admi

support and to ensure the timely delivery of all the

results. Significant progress has been achieved.
Evghenia Scripnic, European Project Manager

Young scientists have participated contributing to
their continued involvement in rare disease research.
One of the highlights was hosting NCL2018, the
biennial international scientific meeting.

“Cooperation, discussions and exchange of ideas,
during the regular meetings and at international
conferences between partners were inspiring.”

Dr. Stephan Storch, UKE, Hamburg

“My laboratory was new to Batten disease research.
Joining BATCure was challenging and at the same
time encouraging, as metabolism was never previously
associated with Batten disease. The opportunity to
collaborate with widely reputed Batten disease experts
within the UK and the rest of Europe brought to our
group the new dimension of translational research.
Thanks to this experience, we have now secured further
funding to investigate other metabolic aspects of Batten
disease. This has now become a new research line
within my laboratory.”

Dr. Juan Bolanos, USAL

Progress has been made in the areas of drug
discovery and the development of gene therapy
approaches for CLN3, CLN6 & CLN7 disease. The
group have utilised new technologies in science and
diagnosis to great effect. These results are already
emerging in scientific publications and will continue
to do so over the next few years.

“As a charity, being part of BATCure has allowed us to
bring the family voice to a major research project. It
has provided wvital resources for us to strengthen our
links with other Patient Organisations in Europe and
worldwide, patients, their families and the professional:
who care for them.”

Heather Band, Scientific Officer, BDFA

“At BATCure we believe that we have taken science
driven research forward for the benefit of all those
affected by Batten disease. Our work on CIN3, CLN6 and
CLN7? disease has improved our understanding of all
aspects of the di from basicr h to improved
diagnosis & clinical outcomes. We have worked
efficiently together and have long-term ambitions for
NCL research.”

Professor Sara Mole, Project Coordinator, UCL

For any BATCure enquiries, please
contact Sara Mole, Project Leader
BATCure +44 (0) 20 7679 1257
- s.mole@ucl.ac.en

www.batcure.eu “ BATCure g BAT Cure

BATCuro has received funding from the Exropean Union's
Horizon nd 3 under

grant agreement No 666313

B[ﬁ\

BATTEN DISEASE FAMALY ASSOCIATION

‘ BATCure

Arghranad Chaety bn nghnd amd W HOSEY - Siotam

Developing new therapies for Neuronal Ceroid Lipofuscinoses (NCL)

commonly known as Batten disease

BATCure Project Report

Batten disease

The Neuronal Ceroid Lipofuscinoses (NCL), commonly
known as Batten disease, area group of devastating
life-limiting neurodeg ve affecting
children and young people for which, at present, there
is no cure.

This disease encompasses a progressive loss of
physical and mental abilities that includes visual
impairment and blindness, severe epileptic seizures
that are difficult to control, involuntary muscle spasms,
speech loss and the deterioration of motor skills.

Changing the outcomes for those
affected by Batten disease

Batten disease is a rare neurological disease with
only 1-2 thousand new cases being diagnosed
worldwide each year. This presents a particular set of
challenges when working towards finding successful
treatments and ultimately a cure. As with many

rare diseases the disease is not well known from a
general clinical or public perspective. It is a complex
disease and in order to develop treatments requires a
multidisciplinary approach to maximise the chances
of success.

BATCure focused on developing therapeutic
options for three types of the disease CLN3, CLN6
and CLN7 disease. The BATCure consortium led by

Professor Sara Mole, UCL, followed a clear path with a
multifaceted integrated approach to the problem.

“I put together the BATCure project consortium and
acted as the overall Coordinator. In this role I ensured
that the project proceeded as planned to achieve

its aims. We have exceeded expectations with some
exciting new science discovered along the way. All
partners met regularly to share and discuss progress.
Over the 3 years we have developed excellent working
relationships and I know that collaborations will
continue beyond the end of this award. It has been a lot
of hard work but something that we will be drawing on
In our research for many years to come.”

Professor Sara E. Mole, BATCure Coordinator and
Professor in Molecular Cell Biology at UCL

Patient involvement

A ground-breaking addition to this project was
including the patient voice as central to all the work

of the consortium, and the UK Batten Disease Family
Association (BDFA) was invited to participate to
represent all those affected by this devastating disease.

‘We are pleased to present the achievements of
BATCure, featuring the diverse and different 14
partners, from 7 countries, involved in the project over
the past 3 years.
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Professor Sara E. Mole, Professor in
Molecular Cell Biclogy at The Mole
Lak ry, UCL MRC Laboratory for
Ma]'end'ar Cd.l' Biclogy

One of the aims for the work of my Laboratory was to use yeast as the
simplest cell model of a human disease. We made new yeast strains that
carry mutations in their ‘CLN3' gene (called binl) and used these to look
at whether removing any of the other 5000 yeast genes makes the yeast
grow better or worse. This gave us an insight into what is happening at

a cellular level in the disease, which pathways are most important and
whether they can be used to offset the effects of disease, as many of these
genes work the same way inus.

thmhegunmtestwhethermampulaungthesehasﬂlesameeﬂect
lian cells or in zebrafish, with Dr Claire Russell at the Royal
VelmmrjrCo]lege(RVC}

‘We screened drug libraries in our Batten disease yeast model to see
which drugs make the yeast grow better. The most promising compounds,
along with many new compounds synthesised at the Latvian Institute for
Organic Synthesis, were tested further in the yeast strains and human
cells that model Batten di The most [ ising of these pound:
are now being tested in zebrafish.

‘We locked at ch in the bolism of yeast and patient cells with

AcureCmics. We now have a better understanding of what CLN3 is doing
within cells and have begun trying to understand what the different parts
of CLN3 are doing in yeast and in mammalian cells, with Dr Lloyd-Evans
at Cardiff University.

S L]
L S

Dr Clinton Monfries, the BATCure Researcher
in the aquaria at the RVC, which houses many
zebrafish.

The supervisory feam consisted of Prof Ahad
Rahim, Prof Robert Harvey and Dr Jason Rihel
from UCL, Dr Claire Rossell from RVC.

0 Royal

Veterinary
College

Urvvaraity of London

Oneoflheﬁjxtstepsfarcurwmkaspaﬂu{theﬂmnepn)]ectwasﬂle

g ion of zek th which the hallmarks of Batten di We
ted the di tobef in the embryo because we can quickly
and easily test the most promising compounds, identified by our partners,

from their work with cellul dels of the di

We g d zebrafish with ions in CLN3, CLN6a and CLNT genes

in collaboration with UCL. R h does not always go to plan and

surpnsmgtythesezebmﬁshmodelseltherhadaverynnldfmﬂuﬂhe
orno d ble di Therefore, they did not prove a good

meodel to test new drugs. A different approach was needed and so we
used our joint expertise to test the compounds in zebrafish where the
amount of CLN3 was depleted in a transient way.

It was crucial to collaborate with partners such as UCL, TIGEM and

Cardiff University to narrow down the bers of candidat ds,
astheyhavethelm:ﬂmestoscreenthousandsofcumpounds_ofthe
first three ds, two look ising as and

1P

we expect to test a further three or four compounds, contimuing cur

Having tested all of them on zebrafish lacking CLN3, we can then
compa.reﬂlerealhsandhexlthemm combination before selecting the
most | P d(g) to go forward for testing in Batten disease
mousemode]s.lncwhaveinedandtrushedco]labomtms for future
projects.

S 2] Dr Claire Russell, The Royal Veterinary College
Al

BATTEN CRSEASE FAMILY ASIGCIATION

BATCure is the largest research project that the BDFA has been involved
with and we were delighted to take aleading role in the project, ensuring
thatﬂlevolcedfpahemsandaﬁechedhrmhlllscentmlama]ormseatch
imitiative.

In the first 2 years, Laura Codd, the BATCure Project Administrator
worked to establish links between the consortium, patients and their
families and over 20 Patient Oxgarusauansandl:bundahmlsworldmde

The BDFA's work includi ication of the project
TEeWs, orga:ummglabommryopendays developing resources, raising
and d inating the project results.

In collaboration with our partners at UCL we designed and delivered
our online patient survey, in 10 languages over 15 countries within the
Eurcpean Union. The survey focused on four main areas identified as the
most important to families. Issues around diagnosis, access to quality
information on research, participation in the International disease
registry and to gain families’ thoughts on potential barriers to taking part

The ded our exp and the results are available
onwwwbatmneeu(iamﬂya.rea} Thank you to all those who took part,

our fellow Patient Organisations for their help in promoting our work and
consortium k for their invaluable support.

Itwasanopporrtumtyfaruxtobmngthemlpactofhwngday—hodﬂym&la
diagmosis of Batten di | di Itis Jerful to read
mt}nsrepoﬂhawfamilysbonesareanuxpnahonandmbehaﬂofaﬂ

those affected we thank our BATCure partners for all their hard work over

the past 3 years.

The project has d i new and lasting collaborations

have heenmadeThemkofBﬁTCu:ewﬂlcmﬂmuebeyundEheenduf
the project, in June 2019.

Heather Band, BDFA
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Dr Sander Smith and
Dr Sophia-Martha kleine Holthaus
at UCL

The aim of the gene therapy work was to develop new treatments for the
brain and for the eye in all three forms of Batten disease investigated

by BATCure. Building on our previous work on CLN6 gene therapy, we
managed to develop effective and methods to CLN6 to the
brain and to the eye of CLN6-deficient mice, to normalise their lifespan
and improve their mobility and their vision.

As the mouse model of CLN3 disease does not have brain disease, we
only targeted their eyes in this project. We treated the retina (the layer
of nerve cells lining the back wall inside the eye that senses light and
sends mg'nals to the brain) pxeventmg the loss of nerve cells and the
conc d The combi id that CLN3 gene therapy
can preserve nerve cells in the eye and that CLN6 gene delivery is
effective, in the brains of CLN6 mice, makes us confident that CLN3 gene
therapy for the brain is also a realistic prospect.

Working on the CLN7 mouse model, we showed that gene therapy can
preserve vision and mobility and prolong the animals’ survival. b

these results were less dramatic and less consistent than for CLN3 and
CLNG6 and there is an indication that there may be a risk of toxicity
associated with CLN7 gene therapy. It is important that the underlying
cause of this toxicity is identified before the treatment is tested in

the clinic, and we will continue to work with other members of the

consortium to di what is happ g in this model.

Aot n

g " —— wt control

T 60 [ ~ cn6™" untreated

z | AAVY treatment:

[ - 11

H CMV hCLNG - 5x10"" vg
20 “= CMV.hCLNS - 1x10" vg

2 410 12 18 16 18 20 22 24
Age (months)

CLN6 gene therapy to the brain of CLN6-deficient mice (red, blue) doubles the
lifespan compared with untreated CLNG6 mice (Clnbnclf, grey).

After the treatment, the CLN6 animals live as long as mice without the condition
(wild type, wt, control, black)

"BATCure has allowed us +o create a hab for Batten disease gene
Hherapy expertise across four institutes at University College London,
dvawing in additional funding from other sources o develop Hherapies
For +wo (hopefully soon, Hhrer) further forms of Batten Discase.

Across Hhe consortium as a whole, Hhe knowledge and vesonvees have
bean shared , most Hie exclusive CANTF mice shaved bg
+Hhe University of Hamburg, Forging new collaborations Hhat will continue
as Hhe remaining questions are resolved and new projects stark”

Dr. Sander Swibh, Instibute of Opthalmology, UCA-

S L]
iy

The BATCure team at Professor
Tristan McKay's Lab at MMU
(Professor in Stem Cell Biology)

N L7
i
Manchester
Metropolitan
University

The McKay lab were tasked with generating stem cells from Batten
disease patient cells, which had been previously taken with consent. From
this we can “reprogramme” the cells to produce induced pluripotent
stem cells (iPSC) which have two unique properties that make them ideal
to study Batten disease.

1) theycangnnvanddxvxdemdeﬁmtely meaning they are an
haustible h e

2) in the lab they have the capacity to mature into any functional cell
type in the human body.

Consequently, iPSC from a patient with Batten disease, can be made in
the lab to become brain neurons, glial cells (cells that protect neurons in
the brain) or even heart cells.

We have now generated the largest repository of Batten disease
iPSC lines in the world and these cells are available to all academic
researchers worldwide working to find a cure for Batten disease.

In our laboratory we have been studying neural cells specified from iPSC
lines generated from CLN7 patients. We have embarked on an exciting
new study to map all the proteins expressed in CLN7 neural cells and
compare them to unaffected neural cells, which will help us isolate
groups of proteins that are either over or under-represented in CLN7
disease.

‘We have created conditions t.'hat mimic the stresses that CLN7 neural cells

are known to be under as the d This app h, called
“proteomics”, is capable of 1dem1fymg and detecting changes in the

quantities of proteins known to be involved in maintaining the health of

cells in stressful conditions.

Some proteins function in the cell by sending signals to one th

under certain conditions such as stress. Often these “signalling pathways”
can be manipulated with targeted drugs to prevent the cell from
damaging itself. We hope to use our proteomics data to discover a way

of preventing CLN7 neurons from self-inflicted damage under disease-
induced stress.

Professor Tristan McKay

MMU team with the BDFA hosted a laboratory open day for affected families and
professionals in March 2017.
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ORPHAEDYME

Orphazyme iz based in Copenhagen, D k, and specialises in novel
herapies for rare deg ive di Our apg h is based on

of the ly occurring protective responses that occur
mcel]smrezpcmsetomessl" siress resp in cells and

so our approach is to find ways that could prevent or help correct these
events.

We develop small molecule ind of chap such as HSPT0, and
mlateZOlee curmpletedaphase /T cli 1 trial in Ni Pick
Di: Type C, her very rare ly 1 storage di Being part

of the BATCure has given us invaluable experience and new partners in
the Batten disease field.

VVehavechamctenzedtheslIessresponsesumngce]lsw}uchmmnc
awide spectrum of clinical for Batten d kindly
prmdedbyotherparmersmtheEHTC‘uremmmmLOursmdleshave
generated data that indicate a ponst crfthesemdel
cells as found in our work in other rare ly 1l storacp

While it is too early to tell wk this new kmowledge has any p ial

in the treatment of patients with Batten disease, our work has generated

new scientific insight that will aid future research efforts to combat this
ing group of di

Nikolaj H.T. P Sr. Sci Manag
Senior Scientist Raffaella Magnoni, Orphazyme

Marc at work in Barcelona

Guillermo Quintds af work in Valencia

LETET

hlhthasmrﬂ]hutadmdsﬂlegualso{theprm]ectﬂnuughtwo
main activities. We ped and p d new tools such
asxpemalarmbodleshoothermmnrhum s to help to prog
their research and ultimately to gain more knowledge on Batten diseaze
pathophyxwlogyOuIspem.ﬁcmseatcheﬁmhasbeenfocusedmaIds
the d y of new bi kers by analysing urine from
patients. We wanted to lock at the metabolites, proteins a.ndDNﬂpresent
mﬂlemneboldenufydlﬁetencesmﬂlatmayheuseﬁﬂasmaﬂmmfm’
the di in di gnosis or follow-up. Among the results,
dlﬁemm:esmﬂleunnememhdneshaveheenohserved_hmqlmes
further research to confirm these.

Leitat had no previous expernience in research on rare diseases, much
less rare paediatric diseases, such as Batten disease. It represented a
scientific challenge as well as opening up a new h field to Leitat.

We have been h d to be sur ded by such expert scientists in
the Batten disease research field and have learned a lot. The involvement
o{ﬂlem]lahmalmwentabmeandbeyond&lesciemiﬁcac&vi&es.

We intend to i to collaborate closely, as we did during these
past 3 years, with UCL, Urmmtyufﬁalarna.nca Acuromics, The Royal
Veterinary College and Uni i burg-Eppendorf.

It’sheenafu.lﬁ]]l.ngand scientifically ennc}ungmlatlm\sl‘np,mﬂ\rmrrjr
results being achieved, free sharing of scientific resources
andp:mﬁmbletac}lmcaldlsmmons_

Marec Masa, Diagnostic Working Group Manager

— LEITAT

L
I

"W was an incredible experience
and | am immmsdﬂ adeful

for Hhe funding Hml- allowed
meto mrk}m "y Pub in

Hhis collaborative and inspiring
vesearch envivonmend, which
included working on mouse models
from labs in both Hamburg and
London. Bi-annual progress
meati s drove l\nm\b Hoad
e

towards a common

familive of affected childven ab
conferences and hearing Hheir
experiences NM"ﬂ inspired and
motivated me when ['d had almg
Aoy e lab.”

CharloH Repschlager
PhD student

All forms of Batten disease have a profound impact upon the brain and for
many years we have mostly focused on these effects to better understand
disease mechanisms in order to best direct therapies. However, it is

now clear that Batten di has effects ide the brain. Perhaps best
Ikmowm example is the early impact of CLN1 disease upon the spinal cord.

Studyi thological ct

g m&lestudydl‘dmeaseandlxoﬂen
mfen'edto asthebndge" ton and medicine and our work
focused on when changes occur in the spinal cord and Peripheral
Nervous System (PNS) in mouse models of CLN3, CLNG and CLNT
disease. This is especially important, as these three forms are caused by
mutations in transmembrane proteins. We will need to more precisely
target therapies than in an enzyme deficient form of Batten disease like
CLNZ disease.

Our results show that spinal pathology occurs in all three forms, but this
occurs to different extents and progresses at different rates according

to disease subtype. All follow a similar pattern with the nerve cell loss
occurring late in disease, but this starts earlier in CLNG and CLNT mice
than in CLN3 mice. In general, spinal pathology occurs at all levels of
the cord in all three mouse models but is more severe at specific levels
of the of the cord. In comparison we have found much less evidence for
any pathological effects in the sensory PNS and it may be that we need to
lock further afield in the PNS. We did find evidence of storage material in
the heart of CLN3 mice, which may underlie some of the defects seenin
human CLN3 disease.

Now that we know that spinal pathology is present in every form of Batten
disease, we can fry to treat this and it will be important to test whether
also directing gene therapy to the spinal cord will prove more effective
than just treating the brain alone.

Professor Jon Cooper
ING'S
College
LONDON | L~
Zain

CARDIFF
UNIVERSITY

At Cardiff university we used our expertise in how cells with Batten
dizease communicate with each other compared to healthy cells.
Communication between cells in an organ, like the heart for example, is
critical as it maintains the normal rhythm of the heartbeat.

Using cells that our colleagues in BATCure provided a key finding

is that CLN3 is providing an important role in maintaining the ionic
balance of the lysosome, a part of the cell responsible for recycling and
communicating nutritional balance with the rest of the cell. We have also
identified some compounds that help cells struggling to

do this.

Dr Emyr Lioyd-Evans

School of Bi Cardiff Uni

¥

S L]
= S
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“Cm“zdina patient data is

vital Por clinical dvials bt

is important for many other
reasons — curvent patient daka
can identity early indicators

of disease and help improve
J.iagnosis-"

. Angela Schilz

ol

‘We have i d lies on the molecular basis of CLNT disease
using a mouse model for the disease. In this model the CLNT protein is

r dleading to a £ - 1

\Nefocusedmﬂtenmmquesumwhyﬂlelussof&meclﬂ‘ﬂpﬂmmleads

to lysosomal dysfunction and sub of P

in the brain and in the eye. Forrou.ranalysesmusedcu]lmedprunary

oe]]sdet1vedhomtheG[NTmousemodelTTnsrevealedﬂ1alnmlyother
were depleted in the ak of fi ional CLNT and specific

].ipids accurmulate in the brain.

In the frame of BATCure we have provided our CLNT mouse model to
different rezearch groups in the UE, Spain and Italy. The complementary
experhseandraa)mua;afthedﬂferentﬂlﬂﬂnepartnemmtheﬁelds
of gene therapy, small molecul tab
andnanupathologycmuibmedrrmchmthepﬂugrmufmpm]ect&n
project upd; gs Were Inspiring.

inter at

thope thatom'reseamhwl]l curmrj.butetoabeﬂerunde‘mtandmgu[
the lved in CLNT & and hopefully will lay the basis
for treatment options in the near future.

Dr. Stephan Storch, UKE

Our role at The Uni itatskdinik Hamburg-Eppendorf (UKE), being
a clinical centre with long-standing expertise in the diagnosis and
of 1 ceroid lipofusci (NCL), Batten dizease

muhedregularandhohﬂlcassesmm of patients, for example by MRI
and psychiatric assessments.

Dr Angela Schulz, a paediatrician and has run the NCL clinic at the

UKE Children’s Hospital for more than 10 years and coordinates the

recruitment of NCL patients, collection of patient data for natural history
fies for the project. She also fi the international DEM-CHILD

NCL patient database.

(QOEM-CHILD

Omlabmbmylsﬁomedonﬂ'l.esmdy 1 ge dizord
(LSDs) and in the develop of i tive t peutics using cell-
based high ging app: h iorrdrug 1i y.Together
with other BATCure project partners (Sara Mole at UCL), ourla.bomtory
developed assays in a variety of cellul dels of Batten di to
identify compounds with the potential to treat the di

‘We developed a cell-based primary assay to lipid 1|

(a marker for disease) in human cells depleted of CLN3 and CLNT.

5 . We have identified FDA-app d Is ds able to reduce this

The high content screening team af the .

TIGEM facility as shown opF

In collaboration with partners at the Latvian Institute for Organic
Syrn}ms(()sl) ledby'Pmrf Mal]aDamhrmva weareummgcompo!mdluts
as st gs with i Y in our
assay. Byteshngtl‘me}msmseomda:yassaysamdto detenm.nethe
mchammo{ammm found that lipid clearance might be mediated by

Untreated FDA#HITL FDA#HITZ

of Iy 1l and phagic activity (the [ that allows
— o ot i focrtheor:derlyd.—u. Jation and recycling of cellul P ts). From
zmmgrulmlgm.deﬂgﬁd this we are currently testing one of the best compounds in a mouse model
restct wih DM e conition) o with of CLNT in collaboration with BATCure partner (Juan P. Bolanos, USAL).

compound 1 or 2. Gells were fised and stzined and
Dr Diego L. Medina, Head of the high content screening facility

at the Telethon Insti of Genetics and Medici
(TIGEM, P li-Ttaly), and Profe of cell biology at the

Umvemty of Naples, Federico II, Italy

Metabolism comprises all chemical t:hanges occu.r:nngmtl'un cells
in a finely bal d and 1i other things,
metabolism ensures the energy supply required by cells to make tissues
andmgarlslowmkpmpeﬂyNemursarebuﬂmce]lsmqunmgam
and contimious amount of energy to ission, i.e. the
work that neurons do to keep the brain alive. In essence, our contribution
m&untheBﬂTCmecumsmﬂumwasholdenhfyﬂlalnemnsaﬁeched

i

byBatberl di: E ges in metaboli ¥
energy supply
P Juan Bol 1) and his Inside cells, mitochondria are little “engines” that optimize metaboli
tea.m at the Institute of Functional Biology - - - - -
and Genomics (BFG), University of topmnduce_ermgjfma}l._lg}ﬂyeﬂlmentwajnUmmgamousemodel
Salamanca. Dr. Irene Lopez-Fabuel (first on of Batten disease, in particular, the CLNT type, we cbzerved that
the right) is the BATCure postdoc neurons accumulate inside very large (swelled) mitochondria, which
unfor ly are d ged and cannot function correctly.

Thizs problem further contributes to the loss of neurcnal energy supply
and, Ily, to d ion. Importantly, we found a specific
rnetaho].lcaltl-um (ataIget)mCLlW Batten disease mice that may
account for many of the energetic problems that take place within
damaged neurons. We are currently developing a pharmacological
approach to try to rezcue this effect.

Prof Juan Bolafi R h Leader
based at the Institute of Functional Rlolo_g'y and Genomics

VNiVERSiDAD —
@ P SALAMANCA &
]
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Dr. Kate Bennett in the lab in Sweden.

Metabolomics is the large-scale study of small molecules, commonly
known as metabolites, within cells, biofluids, tissues or

AcureOmics used their expertise in this field to identify disturbed
biochemical pathways in CLN3, CLN6 and CLN7 diseases. This
knowledge is being used to both help assess and design novel treatments
that act to normalise the disturbed biochemical pathway.

This work will contribute to improve how the effect of ongoing treatment
is monitored.

Dr Kate Bennett
E Torbjorn Lundstedt
A iate Profe Katrin Lundstedt-Enkel

AcureOmics supporting the BDFA for Batten disease awareness day.

Senior scientist Fu-Hua Wang, MD,
PhD in the surgery room.

ébPronexus

analytical

We are a precliniml contract research oxganizaﬁon (CRO) offering
advanced services and col.laborauve pm]ects in Cem:ral Nervous System
(CNS) pharmacology, y and bic Our is

to serve and research organisations and pharrnaceuhcal companies to
accelerate the process of drug discovery, evaluate mechanisms of drug
actions.

Pronexus core expertise is focused on studies using in vivo mlcmdlalyms
which is a way to mimic a blood 1s, and in experi dels of
CNS and metabolic disorders.

We offer a range of assays and services for quantification of
neurotransmitters, metabohtes drugs, neuropeptides and proteins in
biological les such as urine and tissue extracts. Our role
was to evaluate whether the selected potential therapeutic compound,
developed by our partners would be able to alter the biomarker
molecules we had identified as important in the disease progression.

We studied the effect of the compound in the brains of the CLN7 mouse
model and compared this to the levels in the wild type mice. We were

not able to detect a difference and further work is needed. One
explanation may be that the drug needs to be given earlier in the disease
course or at higher dose.

Dr Jan Kehr, Pronexus Analytical

At The Latvian Institute of Organic Synthesis, (OSI) we have many years
experience and expertise in making new compounds specifically
designed to treat a variety of diseases. TIGEM and UCL carried out drug
screens in cellular models of Batten disease to identified promising

C ds. We then redesig “thebes(onesusmgamedlcmal
chenumy appmach with the aim to improve their properties. As a result,
121 new compounds were hesised and then further tested by our
BATCure partners.

Y

In Batten disease, it is important to know how well these new compounds
can enter the brain (bioavailability). We used mouse models of Batten
disease to measure this to identify the best candidates for further testing
by ourselves and our partners. We also assessed any potential toxic
effects of the new compounds.

Anothex approach is to look at the metabolic profiles, in models of the
AcureOmics lead the way. This involved new drugs we had

The team at OSI “go arange” on Batten
disease awareness day in 2017!

Administration

Sampling

Sample preparation

Bioanalytics

Data analysis

Latvian
Institute of
Organic
Synthesis

developed and those suggested by the results from several partners,
’I'lGEM UCL, and Pronexus Analytical. We were interested in whether the

1 d drugs change the blood bolite profile in a favourable
way in our different models of Batten disease.

Paruc:pauonofOSIxeseaxchmmtheBATCmepm]ectbmug!ﬂustothe
rare disease field and the challenges in relation to the drug d

g for such di whe:remcmenscmxenﬂyavaﬂableanda
smgledtugtalgeﬂsdxﬁﬁctﬂnoxdenhfyOmcoﬂaborahonwnhthosemthe
group to accumulate data about the mechani ofad
with our drug discovery approaches has provided evidence thatthisisa
way forward to new treatments.

"l enjoyed communicating with Hthe BDFA and | am now shaing His
experience, about Hhe involvement of patient organisation in a research
prefect with my colleagues here in Latvia and internationally. i is
motivating and makes Hhe research questions we are trifing +o solve
move, meaningfal’

Prof Maija Dambrova, OSI

Prof. Maija Dambrova, Head of the Lab, ry of Ph ical Ph logy and
the OSI researchers make “orange synthesis” for the Batten Disease Awareness Day,
June 2018
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Project achievements

For the best chance of success, in any rare disease, and
Batten disease is no exception, the basis for any future
treatment must be based on science driven research of
the highest quality. BATCure was designed to work in
this way - to bring together a talented, diverse group
with the necessary skills and expertise to offer a novel
strategic and integrated approach to a set of very
complex diseases.

“I truly enjoy working with the top researchers from

all around Europe who are devoted to developing

tr for Batten di: My role within the project

is to provide financial, contractual and administrative

support and to ensure the timely delivery of all the

results. Significant progress has been achieved.
Evghenia Scripnic, European Project Manager, UCL

Young scientists have participated contributing to
their continued involvement in rare disease research.
One of the highlights was hosting NCL2018, the
biennial international scientific meeting.

“Cooperation, discussions and exchange of ideas,
during the regular meetings and at international
conferences between partners were inspiring.”

Dr. Stephan Storch, UKE, Hamburg

“My laboratory was new to Batten disease research.
Joining BATCure was challenging and at the same
time encouraging, as metabolism was never previously
associated with Batten disease. The opportunity to
collaborate with widely reputed Batten disease experts
within the UK and the rest of Europe brought to our
group the new dimension of translational research.
Thanks to this experience, we have now secured further
funding to investigate other metabolic aspects of Batten
disease. This has now become a new research line
within my laboratory.”

Dr. Juan Bolaiios, USAL

Progress has been made in the areas of drug
discovery and the development of gene therapy
approaches for CLN3, CLN6 & CLN7 disease. The
group have utilised new technologies in science and
diagnosis to great effect. These results are already
emerging in scientific publications and will continue
to do so over the next few years.

“As a charity, being part of BATCure has allowed us to
bring the family voice to a major research project. It
has provided vital resources for us to strengthen our
links with other Patient Organisations in Europe and
worldwide, patients, their families and the professionals
who care for them.”

Heather Band, Scientific Officer, BDFA

“At BATCure we believe that we have taken science
driven research forward for the benefit of all those
affected by Batten disease. Our work on CIN3, CLN6 and
CLN7 disease has improved our understanding of all
aspects of the disease from basic research to improved
diagnosis & clinical outcomes. We have worked
efficiently together and have long-term ambitions for
NCL research.”

Professor Sara Mole, Project Coordinator, UCL

Please visit www_batcure_eu for a copy of the full
project report.

For any BATCure enquiries, please

contact Sara Mole, Project Leader

BATCure, +44 (0) 20 7679 71257
- s.mole@ucl.ac.en

www.batcure. en n BATCure u BAT_Cure

Mmmhmmmm&mnlhnm\
Horizon under
grant agreement No 666918
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‘ BATCure

Developing new therapies for Neuronal Ceroid Lipofuscinoses (NCL)

commonly known as Batten disease

BATCure Executive Summary

Batten disease

The Neuronal Ceroid Lipofuscinoses (NCL), commonly
known as Batten disease, are a group of devastating
life-limiting neurodegenerative diseases affecting
children and young people for which, at present, there

is no cure.

This disease encompasses a progressive loss of
physical and mental abilities that includes visual
impairment and blindness, severe epileptic seizures
that are difficult to control, involuntary muscle spasms,
speech loss and the deterioration of motor skills.

Changing the outcomes for those
affected by Batten disease

Batten disease is a rare neurological disease with
only 1-2 thousand new cases being diagnosed
worldwide each year. This presents a particular set of
challenges when working towards finding successful
treatments and ultimately a cure. As with many

rare diseases the disease is not well known from a
general clinical or public perspective. It is a complex
disease and in order to develop treatments requires a
multidisciplinary approach to maximise the chances
of success.

BATCure focused on developing therapeutic
options for three types of the disease CLN3, CLN6
and CLNT7 disease. The BATCure consortium led by

Professor Sara Mole, UCL, followed a clear path with a
multifaceted integrated approach to the problem.

“I put together the BATCure project consortium and
acted as the overall Coordinator. In this role I ensured
that the project proceeded as planned to achieve

its aims. We have exceeded expectations with some
exciting new science discovered along the way. All
partners met regularly to share and discuss progress.
Over the 3 years we have developed excellent working
relationships and I know that collaborations will
continue beyond the end of this award. It has been a lot
of hard work but something that we will be drawing on
in our research for many years to come.”

Professor Sara E. Mole, BATCure Coordinator and
Professor in Molecular Cell Biology at UCL

Patient involvement

A ground-breaking addition to this project was
including the patient voice as central to all the work

of the consortium, and the UK Batten Disease Family
Association (BDFA) was invited to participate to
represent all those affected by this devastating disease.

BATCure brought together ten leading scientific
research groups, three companies and one patient
organisation from across Europe, with half of the
researchers applying their expertise and skills to
Batten disease for the first time.
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The aim of BATCure was to investigate the natural
history of Batten disease, to provide new research
models, to elucidate the function of, three types of key
proteins and determine disease mechanisms and to
develop new therapies.

Prof. Sara Mole’s Laboratory
at UCL developed new yeast
strains that carry mutations in
their ‘CLN3’ gene (called binl)
that works in the same way as
CLN3 in humans. They used a
genetic approach, to look at
whether removing any of the
other 5000 yeast genes makes
the yeast grow better or worse.
'I'hisgaveaninsigmmtowhatishappeninginﬁleceﬂs
and which pathways are most it. The lab at
U"Cl.canmdoutdrugmtmstoﬂmh.fypmnnmlg

, supplementing other new compounds
being taken forward by other partners for further testing.

In the UK, Prof_ Trizs McKay's group at the
Manchester Metropolitan University (IVMIMU) were
tasked with generating stem cells from NCL patient
cells, to “reprogramme™ them into induced pliripotent
stem cellz (iPSC). In the lab, these cell lines can be
stimulated to become brain neurons, cells that protect
neurons in the brain (glial cells) or even heart cells.
These cell lines provided a vital resource for the work
of BATCure. They are now the largest repository of
NCL disease iPSC lines in the world and are available
to all academic researchers worldwide working to
understand or find a cure for all forms of NCL. The
group themselves focused on the CLNT neurons they
produced to find ways to prevent the cells from self-
inflicted damage when under disease induced stress.

Dy Emryr Lloyd-Evans at the School of Biosciences,
Cardiff University provided expertise in how cells
with Batten disease communicate with each other
compared to healthy cells. Using model cell lines
produced within BATCure, they discovered a key
finding, that CLN3 is providing an important role in
maintaining the ionic balance in cells to keep them
healthy.

Dr. Claire Russell at the Royal Veterinary College
(RVC) in London worked to produce new zebrafish
models for CLN3, CLING and CLNT as these are ideal
models to test the most promising compounds,
identified from work with cellular models of the
disease. They worked closely with UCL, TIGEM and
Cardiff University to identify the best candidate
compounds. Three compounds were tested in zebrafish
with NCL and two of these look promising as potential
treatments. They expect to test further compounds,
contimung the collaboration beyond BATCure.

Profeascr Sara E. Mola

Dr Diego L. Medina is head of the high content
screening facility at the Telethon Institute of
Genetics and Medicine (TIGEM) in Italy. Together
with other partners their laboratory developed assays in
a variety of cellular models of the NCls, enabling them
to screen thousands of existing drugs, to find compounds
with the potential to treat Batten disease_They identified
several that can reduce a key disease marker.

Marc Masa at the Leitat Technological Centre in
Spain has contributed towards the goals of the project
through two main activities. They developed new
research tools, such as special antibodies, to other
consortium members for their research, and ultimately
to gain more knowledge on the functional changes that
a:reocmm‘ingwitl‘linanindividualduetoa dizease
(path A‘ iology). Their h effort was fi d

the di: y of new di biomarkers by
analysing urine samples from patients. Among the
results, differences in the urine metabolites have been
observed which require further study.

Prof. Juan Bolanos laboratory, at the University of
Salamanca in Spain, was new to the world of Batten
disease research bringing much needed expertise in
the field of cellular energy metabolism. Metabolism
comprizes all chemical changes occurring within
cellz in a finely balanced and coordinated manner. An
energy supply is

Profassar Juan Bolafics (sestad) and his team.
Dy Irans Lopas-Fabusd (rat on tha right) is the
BATCurs postder.

that neurcns do to
keep the brain alive.
In essence, they found that neurons affected by Batten
disease undergo profound changes in metabolism
strongly influencing energy supply. Importantly they
found a specific target, in CLNT Batten disease mice,
that may account for many of the metabolic problems
that take place within damaged neurons. They are
currently looking for ways to try to rescue this effect.

Dr. Stephan Storch and his colleagues at The
Universitiatsklinikum Hamburg-Eppendorf (UKE)
produced a mouse model of CLNT disease for the
benefit of all partners providing a vital resource for
many studies_ The group focused on the main question
why the loss of the CLNT protein leads to Iyzosomal
dysfunction and sub ent d ge of

especially in the brain andmthe eye. Their work
revealed that many other proteins were also depleted
in the absence of functional CLNT and that specific
lipids accumulate in the brain.

The Latvian
Institute

of Organic
Synthesis, (OST)
has many years’

specifically
designed to treat a variety of diseases. Under the
leadership of Prof. Maija Dambrova they took the
most promising compounds from the drug screens

by TIGEM and UCL and redesigned them, using a
medicinal chemistry approach, with the aim to improve

their properties. As a result, 121 new compounds were
synthesised and further tested by BATCure partners.
In Batten disease, it is important to know how well these
new compounds can enter the brain (bioavailability)
a.ndl.ff]'teymay be toxic, o they were first tested m wild
type mice. That way the best candidate drugs can be
chosen for further testing in the mouse models of Batten
disease.

AcureOmics is a company
based in Sweden specialising in
using metabolomics to identify
disturbed bicchemical pathways
diseases. The knowledge gained
for CLN3, CLN6 and CLNT
dizease 1z being used to both
help assess and design novel
treatments and will contribute

to improve how the effect of
ongoing treatment iz monitored.

Thes bk at AcureCmics.

Orphazyme is based in Copenhagen, Denmark, and
specl.al.lses in novel themplea for rare d.egene:ratlve

They locked at stress resp in cell lines
provided by BATCure partners. The results generated
data indicating a similar responsiveness to previous
work in other rare lysosomal storage diseases. Whilst
itis too early to tell whether this new knowledge has
any potential in the treatment of NCL patients the work
has generated new scientific insight that will aid future
research.

Pronexus are a preclinical contract research
organization (CRO) cffering advanced services

and collaborative projects in studies on the Central
Nervous System (CNS). Their role was to evaluate
whether the selected potential therapeutic compound,
developed by BATCure would be able to alter the
biomarker molecules identified as important in the:
dizease progression. Dr. Jan Kehr and the team tested
the best candidate compound in the brains of the CLNT
mouse model and compared its effect on the levels

of the biomarkers in wild type mice. No detectable
differences were observed. Further work can examine
the dose and timing of giving the drug.

UEE is a clinical centre with long-standing
expertise in the diagnosis and management of
Batten disease involved in regular and helistic
assezsment of patients. For example by MRI and
psychiatric assessments. Dr Angela Schulz,a
paediatrician and has run the NCL clinic at the
UEE Children’s Hospital for more than 10 years and

Metropolitan
University
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coordinates the recruitment of NCL patients, collection
of patient data for natural history studies for the
project. She also coordinates the international DEM-
CHILD NCL patient database.

Drs. Sander Smith & Sophia
Kleine Holthaus, from the
Institute of Ophthalmolegy in
London, led the gene therapy
work with Dr Ahad Rahim at
the School of Pharmacy, UCL
with the aim to develop new
treatments for the brain and

for the eye in all three forms of
Batten disease investigated by
BATCure. Bulding on previcus
work on CLNG gene therapy,
they developed effective methods to restore CLNG
to the brain and to the eye of CLNG6-deficient mice, to
normalize their lifespan and improve their mobility
and their vision.

Dr Sophia-Mrtha khins
Holthess at ICL

As the mouse model of CLIN3 disease does not have
brain disease, only eye therapy was feasible in this part
of the project. By treating the retina (the layer of nerve
cells lining the back wall inside the eye that senses
light and sends signals to the brain) loss of nerve
cells and the concomitant blindness was prevented.
The combined evidence that CLN3 gene therapy can
preserve nerve cells in the eye and that CLNG gene
delivery is effective, in the brains of CLNG mice, gives
the group confidence that CLN3 gene therapy for the
brain is also a realistic prospect.

Working on the CLNT mouse model, they showed that
gene therapy can preserve vision and mobility and
prolong the ammals’ survival There is an indication
that there may be a risk of toxicity associated with
CLNT gene therapy. It iz important that the underlying
cause of this toareity is identified before the treatment
iz tested in the clinie, and they will continue to work
with other members of the consortium to discover what
is happening in this model.

The BDFA developed resources, raised awareness
and disseminated the progress to affected families,
professionals and the wider public. It was also an
opportunity to bring the impact of living day-to-day
with a diagnosis of Batten disease.

The BDFA conducted an online survey for affected
families across the European Union and the results are
available on the BATcure website.
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