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Practical Challenges for Clinical
Genetic Services

* Genetics in the clinic
— What we do in Genetic Medicine that others don’t
— Incorporating research
— Issues we have faced

 How Genetic Medicine is changing
— Array technologies
— Pharmacogenetics
— Treatment of genetic disease
— Next generation sequencing
— Concerns about DTC testing



Medical Genetics as a clinical specialty
What we do in genetics that others don't

Services for affected patients and families

All age groups

All body systems

Over generations

Knowledge of rare disorders

Screening, monitoring and anticipating complications

Genetic counselling to affected and apparently healthy
people

Major source of information
Education role



Practical Challenges for Clinical
Genetic Services

* Recognition of clinical/medical genetics as a
medical specialty

* Recruiting the right people with the right
background

* Ensuring the curriculum reflects the changing
nature of the specialty



Genetics Medicine has always incorporated
research

Genes mutated in almost all ‘common’
monogenic disorders found
— Translated into services for patients

« Diagnostics, risk assessment, anticipatory care

Genetic clinics were never limited to families
with chromosomal and single gene disorders

Complex cohorts collected

— cancer, clefting, obesity, diabetes, learning disability,
dementia etc

— pedigrees and phenotypes well documented



Genetics involves whole families and
information changes over time
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Genetic tests can make a difference
DMD

DNA tests - effect on numbers at risk

1987 214 families, 929 females at risk
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2009 320 families, 308 females carriers

NWR Genetic Family Register



Practical challenges for clinical genetic services
the rise of cancer genetics — now 50% of referrals

Monogenic cancer prone syndromes

Subsets of common cancers

5% monogenic (bowel, ovary and breast
cancers)



Medical Genetics a changing specialty
Heart disease

Rare forms due to single gene mutations

B Genes CaUSIng |Ong QT . Shockovfﬁam alarm bell killed nu;;e

— Cardiomyopathy JLA/L S
or

Defibrillators, drugs etc Heart condition killed

boy after school fight
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Challenge is getting doctors to recognise and refer



Genetic Medicine
a constantly changing discipline

In Genetic Medicine we have faced many of the
Issues being considered today

— Predictive testin
— Consent

— Privacy

— Communication

— Unexpected results

COMMENTARY

Predictive testing for Huntington’s disease:
the calm after the storm

Predictive testing for Huntington’s disecase has now been
offered for longer than for any other genetic disease. A
DNA marker linked to the disease was discovered in 1983,
and prenatal and predictive tesung programmes for
Huntington’s disease began in 1986.> Predictive testing
became technically simpler after the idenrification of the
Hunringron’s disease gene* and the demonstration that the
disease was always due to trinucleotide-repeat expansion,’
because samples from numerous family relatives for inkage
analysis became unnecessa

Peter Harper and colleagues have recently described the
mformation collected the UK Huntington’s disease

family planning, but to relieve the uncertainty of whether or
not they carry the gene and to make life and career
decisions.

Whart is remarkable is how this predictive rest has become

primary and overriding responsibility of the geneticist is to
the patient presenting for testing led to change to the
international guidelines to include those at 25% prior risk.’

Another reason for the successful integration of this test
into national health services has been universal access to the
test irrespective of the ability to pay. By conrtrast, in the
USA, despite the development of programmes in many
states, patients may choose to be tested outside of
established programmes for reasons of convenience, cost,
or privacy. As a result, there are numerous stories of distress
arising from results being given by telephone or without
counselling.

An accepted standard of care —which includes pre-test
counselling, disclosure of results in person, and the
availability of post-test counselling and support'*—has also

Michael R Hayden
Centre for Molecular Medicine and Therspeutics, University of British
Columbia, Vancouver. British Columbia V5Z 4H4, Canada
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Revealing false paternity: some ethical considerations

Anneke Lucassen, Michael Parker

Introduction

Advances in genetic research are allowing increasing
numbers of conditions te be diagnosed at the molecular
level. Confirmartion of a genetic condition in one person
almost invariably has implications for others: tests reveal
information not only about the person rested but also

Lancet 2001; 357: 1033-35
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(A Lucassen mees); and The Ethox Centre, Institute of Health
Sclences, University of Oxford, UK (M Parker pno)

Correspondence to: Dr Anneke Lucassen, Wessex Clinical Genetics
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Current p
The consensus emerging from the literature is not to tell
the husband directly of the result. Only one report

where the information has reproductive implications for
both partners. But what is current practice?

ves in | practice

the consultaton Mary reveals that Peter is not the father
of her child. In this case, it would normally be considered
inappropriate for the GP to inform Peter without Mary’s
permission. The same duty of respect for confidentiality
ought to apply in the case of Sarah and John unless there
is a morally significant difference between the cases.
There are in fact several key differences that make this
argument rather less convincing in the case under
consideration. Firstly, the information about paternity in



Challenges of new technologies and
applications

 How Genetic medicine is changing

— Array technologies used to investigate
MR/multiple malformations

— Pharmacogenetics
— Treatment of genetic disease

— Next generation sequencing



Better diagnosis and disease
characterisation

For causes of
developmental disorders
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Case study

1982 Referral from Paediatric neurologist - Please see this patient who
has severe developmental delay and seizures. He has had the
following investigations; TORCH screen, metabolic workup,
chromosome analysis

Severe retardation

Seizures

7

7/ ‘mannersitic’
behaviour

Died aged 2
years Unusual hair whorls

Prominent lips

=
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Syrs

Case study

Similar
appearance to
brother

Hand wringing
Lip smacking
Severe LD

At 19 yrs 20
words

Investigations over the
years

ATRX, ARX, MECP2,
UBE3A, telomere screen,
1Mb array.

Entered in GOLD study

Sister counselled likely XLR inheritance
1in 2 risk of being a carrier
Decision to have prenatal sexing and TOP of males

Pregnant Dec 2007
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Deletion of MAOA and MAOB 1n a male patient causes
severe developmental delay, intermittent hypotonia
and stereotypical hand movements

Annabel Whibley!, Jill Urquhart?, Jonathan Dore?, Lionel Willatt?, Georgina Parkin®, Lorraine Gaunt?,
Graeme Black?, Dian Donnai® and F Lucy Raymond*!

Monocamine oxidases (MAO-A and MAO-B) have a key role in the degradation of amine neurotransmitters, such as dopamine,
norepinephrine and serotonin. We identified an inherited 240 kb deletion on Xpl1.3-pl11.4, which encompasses both
moncamine oxidase genes but, unlike other published reports, does not affect the adjacent Morrie disease gene (NDP). The
brothers who inherited the deletion, and thus have no monoamine oxidase function, presented with severe developmental

delay, intermittent hypotonia and stereotypical hand movements. The clinical features accord with published reports of larger
microdeletions and selective MAO-A and MAO-B deficiencies in humans and mouse models and suggest considerable functional
compensation between MADO-A and MAO-B under normal conditions.

European Journal of Human Genefics advance online publication, 19 May 2010; doi:10.1038/ejhg.2010.41

Keywords: monoamine oxidase; MAOA and MAOB; array CGH; X chromosome; abnormal hand movement
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Clinical implications of diagnosis

April 2010. Admitted to hospital with chest

infection. Started on antibiotics. Sudden collapse —

transferred to ICU. febrile, hypertensive and restless
therefore sedated but no improvement ? Small cerebral

bleed’

Because he has no MAOA/MAQOB he responds
abnormally to certain foods and drugs — life threatening




Incidental findings with serious
consequences

Predictive diagnosis of the cancer prone Li—Fraumeni

syndrome by accident: new challenges through
whole genome array testing

T Schwarzbraun,” A C Obenauf,” A Langmann,? U Gruber-Sedimayr,® K Wagner,'

M R Speicher,' P M Kroisel’

J Med Genet 2009;46:341-344.
doi:10.1136/jmg.2008.064972

Patient with 5923.1
deletion includes
APC gene

Chromosome 17

oot i p e e et o b e e e e T e e e L e s o
|

7.00 Mb 7.20 Mb 140 Mb 160 Mb 1.80 Mb

[ w — I=-| .l [] 'ﬂl ﬂ -. Il.. — - .!l- l' L] -Il |_-| " = III- u‘; ] a|n
n = == =
YBX2 “TNKT 'POLR2A'SENP3-SAT2 'DNAH2 LIMJD3  'AC104581.22
C17orfB1 'PLSCR3 LS50X15 'CNTROB
tacapve  'Gps2 “SPEM1 LEXR2 LATP1B2 “TMEMBS “TRAPP
'PHFZ3  “ACOZ26954.14 CHRNB1 TNFSF13 WOR7 HLSMD1KCNAL
L e 7arl74 EIF4A1 LEFNR LeYBEDY
BTE4 LAC104581.22
Figure 1 The top panel ill the amay ¢ e genamic hybridisation profile of ct me 17 demonstrating a small deletion in

chromosome band 17p13.1, The lower panel de pecss an enlargement Df the deleted region. The exact localisation of the breakpoints was determined by
sequence analysis. The TP53 gene is almost at the centre of the deleted regon The GUCY2D gene is not included in the deleted region, However, the
cis-regulatory elements are deleted, which explains the monoaliefic expression of the gene and as a conseguence the patient’s cone—rod dystrophy 6.




Challenges of new technologies and

applications
Pharmacogenetics

Predict whether a specific drug (dose) will be effective or
cause complications

Azathioprine

Used in RA, IBD, psoriasis, transplantation, leukaemia
65,000 patients put on this drug every year in UK

TPMT (Thiopurine methyltransferase) testing detects;
1in 200 people who have the deficient genotype and
develop severe bone marrow problems



Tamoxifen use in BRCA1/2 positive patients

The effect of CYP2D6 genotype (*4 allele)
and of CYP2DG6 inhibitors
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Will patients see the use of pharmacogenetic
testing as drug rationing?



Treatment of Genetic Disease
Many options

Management of complications
Dietary management
Vitamin responsive metabolic diseases

Enzyme therapies

Organ transplantations
Protein/drug engineering
Gene therapy........
Conventional pharmacology



Treatment Trials with already licensed drugs

Losartan, an AT1 Antagonist, Prevents
Marfan Syndrom Aortic Aneurysm in a Mouse Model
— Losartan of Marfan Syndrome

Jennifer P. Habashi ™" Daniel P Judge,® Tammy M. Holm,* Ronald D. Cohn,* Bart L, Loeys,®
Timothy K. (.DDDI‘I_J ' Loretha Myﬂs,l Erin C. Kh—m,' L

Guosheng Liu,® Carla Cabw,*
Megan Podowski,® Enid R. Neptune,® Marc K. Halushka,* Djahida Bedja,” e
Kathleen Gabrielson,” Daniel B. Rifikin,® Luca Carta,* Francesco Ramirez,® ORIGINAL ARTICLE
David L Huso,” Hary € Dietz™%4

Tuberous sclerosis
— Rapamycin Sirolimus for Angiomyolipoma in Tuberous
Sclerosis Complex or Lymphangioleiomyomatosis

Huntingtons disease M. g MLD_CalChck, LT o . Lo R
— Dopamine stabilisers vy e, P Sk Subey, W% Den N, P T
i Alzheimer's drug Dimebon hel
- Dimebon gy

(Reuters) - Dimebon, a pill being developed for JoAuune Miets
Alzheimer's disease, helped people with Huntington's "™

N_.m Fub &, 209055 pm
N F 1 a nd N F2 disease improve their thinking, learning and memory J

skills, U.S. researchers said on Monday.

— Rapamycin and sorafenib

Dimebaon, made by Medivation Int, under the generic name tatrepirdine,

Pelated lews

appears to be safe for Huntngion's patients and has mnimal side effects,
the researchers reported In the joumal Archeves of Neurology.

Dir. Kar Hieburiz of the University of Rochester in Mew Yoric said s team - .

F R ‘s chose to study Dimeton because tappeared to have an impact both on
X cognibon and aging

"I diseases e Huntington's disease where there 15 degeneration of the II i 5t
— fenobam rat g someies e congoncs come o rmesmarcnsow. scemsmiore 1€ 10SE trial of fenobam in
adults with fragile X syndrome

E Berry-Kravis,' D Hessl,*® S Coffey,*® C Hervey,' A Schneider,*® J Yuhas
J Hutchison,® M Snape,® M Tranfaglia,® D V Nguyen,” R Hagerman®®
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Practical Challenges for Clinica
Genetic Services

Next generation sequencing

ARTICLES Miller syndrome

namre
gCﬂCtICS

Exome sequencing identifies the cause of a mendelian
disorder

Sarah B Ng"'%, Kati ] Buckingham™'®, Choli Lee', Abigail W Bigham?, Holly K Tabor®™, Karin M Dent?,
Chad D Huf®, Paul T Shannon®, Ethylin Wang Jabs™®, Deborah A Nickerson', Jay Shendure' &
Michael | Bamshad!3?

We demonstrate the first successful application of exome sequencing to discover the gene for a rare mendelian disorder of N S B t l N t G t 42 3 0_3 5 2 O 1 O
unknown cause, Miller syndrome (MIM% 2637501, For four affected individuals in three independent kindreds, we captured ) - - e a - a - ene - J "

and sequenced coding regions 1o a mean coverage of 40x and sufficient depth to call variants at ~97% of each targeted exome.
Filtering against public SNP databases and cight HapMap exomes for genes wi th two previeusly unknown variants in each of the
four individuals identified a single candidate gene, DHODH, which encodes a key enzyme in the pyrimidine de nove biosynthesis
pathway, Sanger sequen

Exome sequencing of a1 BRIEF COMMUNICATIONS
underlying rare mendeli

nare |
gﬂl‘!ﬁ'l‘lb"s

Schinzel-Gideon
syndrome

De nove mutations of SETBP1
cause Schinzel-Giedion syndrome

Alevander Hotsctien ", llree W M van Ro™ ", Chaistian Callsen® 'Y,
Powr A, Thart wan Dioe”, Markoss Stowhan v, Petrs de Vvisn!
Rick dr Beuver’, Nienike Wiesdkamy', Geert Murtier, Koew Devriendt’,
Marta ¥ Amsorinn’, Micole Rivency®, Abecs Kidt®, Madalds Barhou”™
Amne Tirmer®, lanine Sasith*, Christina Cliey ™, Ales Henderson |
Lo M oy, Flizabeth M Thommes', Ham G Bronner!

Bert 18 A e Vives! B8 Juwes A, Vebtman

Schimrel-Cledion syndroms bs charsctarirod by svars

el petardation, distine tive Gaclal fratie
mital maliormstinm
e age of bem, Wee sequenced the ex
aites brd individuah (eavesd and foed helerarygom
dhe provwes vaviands in SETEPE in ol four. We abu Tod
SETHPT mutations in eight additional cases asing Sanger
st g, Al mhiilation clintered o 4 highly comerved
11-bp exonle reghon. suggesting a dominani-negative or
galeol-funclion effecl.

marst afles ted kv

Hoischen et al Nature Genetics

Ammrics, inc. Al rights reserved



Personal genomes

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Whole-Genome Sequencing in a Patient
with Charcot—Marie-Tooth Neuropathy

James R. Lupski, M.D., Ph.D., Jeffrey G. Reid, Ph.D., Claudia Gonzaga-Jauregui, B.S,,
David Rio Deiros, B.S., David C.Y. Chen, M.Sc,, Lynne Nazareth, Ph.D,,
Matthew Bainbridge, M.Sc., Huyen Dinh, B.S., Chyn Jing, M.Sc,,

David A. Wheeler, Ph.D., Amy L. McGuire, J.D., Ph.D., Feng Zhang, Ph.D.,
Pawel Stankiewicz, M.D., Ph.D., John J. Halperin, M.D., Chengyong Yang, Ph.D.,
Curtis Gehman, Ph.D., Danwei Guo, M.Sc., Rola K. Irikat, B.S., Warren Tom, B.S,,
Mick . Fantin, B.S., Donna M. Muzny, M.Sc., and Richard A. Gibbs, Ph.D.

ABSTRACT

BACEGROUND

Whole-genome sequencing may revolutionize medical diagnostics through rapid
identification of alleles that cause disease. However, even in cases with simple pat-
terns of inheritance and unambiguous diagnoses, the relationship between disease
phenotypes and their corresponding genetic changes can be complicated. Compre-

NEJM April 152010

AT

Clinical assessment incorporating a personal genome

Euan A Ashiey, Atul j Butte, Matthew T Wheeler, Kong Chen, Tenk Klemn, Frederide E Dewey, Jodl T Dudley, Kelly E Ormond, Aleksandra Padowic
Alexunder A Morgan, Dmitry Pushiarey, Norma FNeff, Lovanne Hudgins, Li Gong, Laura M Hodges, Derit 5 Berfin, Caroline F Thom,

Kitrin Songku bl joan M Hebert, Mark Woon, Hesh Sagreiva, Ryan Whaley, Joshua W Knowles, Michod F Chou, Joseph ¥ Thakurio,

Abrafiam M Bosenbaum, Alewander Wait 2 aranek; George M Church Henry T Grealy, Stepien R Quake, Russ B Alkman

Summary
Background The cost of genomic information has fallen steeply, but the clinical translation of genetic risk estimates
remains unclear. We aimed 1o undertake an imegrated analysis of a complete human genome in a clinical context.

Methods We assessed a patient with a family history of vascular disease and early sudden death. Clinical assessment
included analysis of this patient’s full genome sequence, risk prediction for coronary anery disease, screening for
causes of sudden cardiac death, and genetic counselling. Genetic analysis induded the development of novel methods
for the integration of whole genome and clinical risk. Disease and risk analysis focused on prediction of genetic risk
of variants associated with mendelian disease, recognised dmg responses, and pathogenicity for novel variants, We
queried disease-specific mutation databases and pharmacops s datah to identify genes and mutations with
kmown associations with disease and drug response. Wi estimated post-test probabilities of disease by applying
likelihood ratios derived from integration of multiple common variants to age-appropriate and sex-appropriate pre-
test probabilities. We also accounted for gene-environment interactions and conditionally dependent rigks.

Findings Analysis of 2. 6 million single nucleotide polymaorphisms and 752 copy number variations showed increased
genetic risk for myocardial infarction, type 2 diabetes, and some cancers. We discovered rare variants in three genes
that are clinically assodiated with sudden cardiac death—TMEM43, DSP, and MYBPC3. A variant in LPA was
consistent with a family history of coronary artery disease. The patient had a heterozygous null mutation in CYP2C19

i robable clopidogrel resistance, several vanants associated with a positive response to lipid-lowering
therapy, and variants in CYP4F2 and VRORCI that suggest he might have a low initial dosing requirement for
warfarin. Many variants of uncersain importance were reported.

Lancet May 15t 2010
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Issues to be considered in Clinical Practice
in whole genome sequencing

* |nitial consent

— Service
— Research — consent to feedback?

* Finding linked to reason for testing or
research

* Finding incidental to reason for
testing/research



Issues to be considered in Clinical Practice
in whole genome sequencing

Which variants to be reported

Verification of finding from research lab in QA
assured lab

Who feeds back

Implications for health/screening etc
Implications for family members
Testing children



Practical challenges
The rise of Direct to Consumer testing
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The ‘Worried well’ using limited services



Practical challenges
The rise of Direct to Consumer testing

» ‘Health screening’ with SNPs etc

\

* Whole genome screening

What about the impact of the $1000 genome?



Concerns about DTC testing

LETTERS

Autism genome-wide copy number variation reveals
ubiquitin and neuronal genes

Joseph T. Glessner', Kai Wang', Guiging Cai®, Olena Korvatska', Cecilia E Kim', Shawn Wood', Hstas Zhang',
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Common genetic variants on 5p14.1
associate with autism spectrum disorders
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Autism and genetics: A breakthrough that sheds light
on a medical mystery

By Steve Connor, Science Editor

Thursday, 10 June 2010 - SHARE &L PRINT EMAIL

dei110.1038,/ nature 09 M6 namre

LETTERS

Scientists have discovered the first significant
link between autism and DNA, in a study that
could revolutionise understanding of this
disturbing behavioural disorder which affects
more than half-a-million Britons.

Functional impact of global rare copy number
variation in autism spectrum disorders

A list of authors and their affiliations appears at the end of the paper.

The researchers believe the changes they have
found to the genetic make-up of autistic
children play a significant role In causing the

developmental illness. Their findings could
eventually lead to early diagnostic tests for
autism and new forms of treatment, based on
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The autism spectrum disorders (ASDs) are a group of conditions
characterized by impairments in reciprocal social interaction and
communication,and the presence of restricted and repetitive beha-
viours', Individuals with an ASD vary greatly in cognitive develop-
ment, which can range from above average to intellectual
disability’, Although ASDs are known to be highly heritable
[~80%)", the underlying genetic determinants are still largely
unknown, Here weanalysed the genome-wide characteristicsof rare
(<1% fmqu.:nq) copy number variation in ASD using dense geno-
996 ASD individuals of European
am:r_itry o 1.28?‘ mstdu:d controls, cases were found to carry a
higher global burden of rare, genic copy number variants (CNVs)
(119 fold, P = 0.012), especially so for loci previousl lmplmmdm

called by bath algorithms in an individual (Fig. 1, Supplementary
Tables 1-3 and Supplementary Fig. 3). This stringent data setof 5,478
rare CMVs in 996 cases and 1,287 contwls of European ancestry
(Supplementary Table 4) had the following charactenistics (1)
CMV presentat <1% frequency in the total sample (cases and con-
trals); (2) CNV #=30kb in size (because =95% of these could be
confirmed); and (2} all CNVs further verified using combined evid-
ence from the FennCNV algorithm'® and child—parent intensity fold
changes, genotype proportions (to verify deletions) and visual
inspection (for chromasome X,

We assessed the impact of rare CNV in cases compared to controls
uslngthwcpl m’nwmmulcsm(‘Nthldcn the number of CNVs per

ip
either ASD and/or intellectual disability (1. B'Jfold. P=34%107".
Among the CNVs there were numerous de now and inherited
events, sometimes in combination in a given family, implicating
many novel ASD genes such as SHANK2, SYNGAPI, DIGAP2
and the X-linked DDX53-FTCHDI locus. We also discovered an
enrichment of CNVs disrupting functional gene sets involved in

d CNV size, and the namberofgenes affected by
CNVs Uab]c 1). Mo significant difference was found in the former two

1,275 ASD cases (1258 trios)
1,881 contmks
Geratyped on lilumina 1M

cellular proliferation, projection and motility, and GTPase/Ras sig- o
nalling. Our results reveal many new geneticand functional targets mvcsug;ux:“
in ASD that may lead to final connected pathways, el [Patt

Twinand familystudies indicate a predominantly genetic basis for H mm:;?;',,m,
ASTY susceptibility and pravide suppart for considering these dis- HorvEuripeans +-

arders & a clinical spectrum. Some 5-15% of individuals with an
P bam o f Atk oo nid - foam m

£36 A4S0 cases (676 frice)
4 BE7 rartin (Cimncan Anik



Practical Challenges for Clinical
Genetic Services

Medical Geneticists must get back in the ‘mainstream’ of
medicine

Patients with rare diseases need continuing care and
treatment, their relatives need our services

We must embrace the new technologies and ensure they
are used appropriately for our patients

We should engage with patient groups, the public and
media



Public engagement

Public engagement ‘onion’
For a sustainable model of
public engagement and
meaningful dialogue, need to

support all layers
Target Groups
— Schools and young people © The Wellcome Trust
— Public

« Broad approach (exhibitions, TV, electronic media)
* In more depth (polls and debates)
« Healthcare professionals and allied groups

— Patient groups and cohorts



	Practical Challenges for Clinical Genetic Services
	Practical Challenges for Clinical Genetic Services
	Medical Genetics as a clinical specialty�What we do in genetics that others don’t
	Practical Challenges for Clinical Genetic Services
	 Genetics Medicine has always incorporated research
	Genetics involves whole families and information changes over time
	Genetic tests can make a difference DMD �DNA tests - effect on numbers at risk �
	� Practical challenges for clinical genetic services�the rise of cancer genetics – now 50% of referrals
	Medical Genetics a changing specialty � Heart disease
	Genetic Medicine�a constantly changing discipline
	Challenges of new technologies and applications
	Better diagnosis and disease characterisation
	Case study
	Case study
	Slide Number 15
	Clinical implications of diagnosis
	Incidental findings with serious consequences�
	Challenges of new technologies and applications �Pharmacogenetics
	Slide Number 19
	Slide Number 20
	Treatment of Genetic Disease�Many options
	Treatment Trials with already licensed drugs
	Practical Challenges for Clinical Genetic Services �Next generation sequencing
	Personal genomes
	Issues to be considered in Clinical Practice in whole genome sequencing
	Issues to be considered in Clinical Practice in whole genome sequencing
	Practical challenges�The rise of Direct to Consumer testing
	Practical challenges�The rise of Direct to Consumer testing�
	Concerns about DTC testing
	Slide Number 30
	Practical Challenges for Clinical Genetic Services
	Public engagement

