Executive Summary:

The collaborative project DIAPREPP specifically esl$ed the call FP7 Cooperation Work
Programme: Health-2007-2.4.3-1 Early processesdrpathogenesis of type 1 diabetes and strategies
for early prevention. A team of 11 academic groapd 2 SMEs from 7 countries form DIAPREPP.
The project ran over a period of 41 months andivedearound 6 Mio Euros funding. The overall
objective was to determine mechanisms of isletamitgen immunization. The expected impact was
new knowledge regarding how immunization against isutoantigens can occur; how signs of self-
immunization can be exploited for prediction andnitaring of disease; and how immunization or its
progression to clinical type 1 diabetes can bequread.

In meeting its objectives, DIAPREPP amassed and aagique set of clinical material and cohorts.
These included a large case-control cohort of ofldfollowed from birth to autoimmunity to
diabetes; a new high intensity followed infectioshort of children genetically at risk for type 1
diabetes; and pancreas, pancreatic islets and lymophks from patients with islet autoantibodies or
diabetes. This material was has become a DIAPREB&cY for future studies and networks. With
respect to type 1 diabetes pathogenesis, DIAPREB®Resl heightened immunization against islet
beta cells between the ages 6 months and 2 yskatsautoantibodies were rare prior to age 6 months
indicating a period of protection or absence afgering factors. Consistent with this, the firstriis

of life were characterized by an inefficient immusygstem possibly explaining protection in this
period. Islet autoimmunity was generally abrupt, ibdid not appear to be increasing in incidense a
compared to previous decades. Instead, it was rlo&dhe rate of progression to clinical diseas@ h
increased markedly in some regions in the last die@nd DIAPREPP investigators could find
evidence that this was linked to genes that affest responses to viruses. DIAPREPP investigations
on viral mechanisms of beta cell autoimmunity aredabcell destruction identified virus in the
pancreas of some patients, but no specific virugdche associated to the pathogenesis in DIAPREPP
material. However, DIAPREPP identified crucial nmlkes required by enteroviruses to infect
pancreatic islets, as well as response profilésletfs to virus infection. These included novetfirgs

of virus-mediated pathogenetic mechanisms for iidncand exacerbation of autoimmunity to the
beta cell. A key target of DIAPREPP investigatiaves the metabolome. DIAPREPP showed clear
differences between the metabolome of children wheeloped aggressive islet autoimmunity as
compared to children who remained free of autoimitguiihese differences were already observed at
birth and pathways potentially involved in the vearly processes of susceptibility and activatibn o
islet autoimmunity were identified. Some of thesejuding the role of the enzyme DHAPAT were
corroborated by analysis of data generated in dninaglels. There were also metabolome changes
that occurred upon initiation of autoimmunity. Tiraings pave the way for combining metabolomic
markers to genes for improved early prediction dodher combination with markers of
autoimmunity to predict progression to disease. eshnologies were developed to examine antigen
receptors and response profiles of antigen resperisand B lymphocytes and which allow tracking
of cells during pre-diabetes and after immune imption. New assays were developed, standardized,
and in the case of zinc transporter 8 autoantikpdiemmercialized and widely introduced for
autoantibody screening. Over 80 presentations &brad or international meetings, plus 40
publications of original findings and another 15ie&v or commentary articles have thus far resulted
from the DIAPREPP project.




Project Context and Objectives:

DIAPREPP (Diabetes type 1 Prevention, Early Pathegis and Prediction) is a collaborative project
funded by the European Union under the 7th Framlewoogram. The project aimed at disclosing the
thus far unknown mechanisms of islet autoantigemumization. The knowledge gained will help in
the development of a new generation of diagnostitstand approaches to hinder the development of
autoimmunization and progression to disease.

An international team of 11 academic groups antESfrom 7 countries coordinated by Prof. Ezio
Bonifacio from the Technische Universitaet Dresttam DIAPREPP. The project ran over a period
of 41 months and was funded with around 6 Mio Euros

The collaborative project DIAPREPP specifically esl$ed the call FP7 Cooperation Work
Programme: Health-2007-2.4.3-1 Early processesdrpathogenesis of type 1 diabetes and strategies
for early prevention.

The earliest currently identifiable process in tha@hogenesis of type 1 diabetes (T1D) is the
development of autoimmunity to islet beta celldhie measurable form of islet autoantibodies. The
autoantibodies usually ‘appear’ after a periodegativity', signifying an ‘immunization’ event ags
islet beta cell autoantigens. The aetiology andhg@enesis of the islet auto-immunization is still
poorly understood, hindering attempts at early @néive therapy.

The theme of this collaborative project is the yaito-immunization against islet autoantigens, in
particular to disclose events, which precede ctuinisgat autoantibody-markers. The concept is that
early events prior to auto-immunization govern likelihood and 'signature’ of immunization which
in turn determines progression to disease.

The overall objective is to determine mechanismislef autoantigen immunization.

The expected impact is new fundamental knowledgarceng i) how immunization against islet

autoantigens can occur; ii) how signs of self-imimation can be exploited for prediction and

monitoring of disease; and iii) how the immunizatior its progression to islet beta cell destruction
and T1D development can be prevented.

DIAPREPP aims to understand how islet autoimmuitinadrises and to disclose events preceding
current autoantibody markers.

DIAPREPP will:

1) Provide Europe with a leading unique resource iofadl material from which to discover the
early autoimmune immunization processes in T1D.

2) Determine mechanisms by which infection can leadawo-immunization against islet
autoantigens.

3) Provide functional metabolomic evidence for moduolatof susceptibility to autoantigen
immunization by host environment.

4) Identify the early autoimmune immunization 'sigmesito islet autoantigens.

5) Translate early immunization profiles to predictemd prevention strategies.




DIAPREPP is structured into 9 work packages. Thaskide a clinical resource work package, 3
discovery work packages, and a clinical translatimork package. These work packages and their
relationships are summarized graphically below. rFadditional work packages are dedicated to
dissemination, training, ethical issues, and mamagg.

Specific Objectives.

1. Provide Europe with a leading unique resourcginfcal material from which to discover the early
autoimmune immunization processes in T1D.

Milestones during project:

1.1 Identification and first delivery of a multiplste nested case-control cohort representing
children followed from birth to autoimmunity to dise.

1.2 Approval and implementation of islet autoantipscreening of organ donors and patients
undergoing pancreatic surgery.

1.3 Implementation of neonate 'infection/diseagisaale high intensity follow-up study.

2. Determine mechanisms by which infection can ldad auto-immunization against islet
autoantigens.

DIAPREPP will focus on the enterovirus model of esyre as a test system to determine changes in
islets and the immune system that infection caseau

Milestones during project:

2.1 Established enterovirus isolation and isletétibn protocols for evaluation of changes to islet
function and gene expression profiles.

2.2 Validated Multiple Displacement Amplificatiorssay for novel virus detection in human
islets.

2.3Elucidation of shared PTB pathway use by entars\and insulin granule protein expression.

3. Provide functional metabolomic evidence for mlatdan of susceptibility to autoantigen
immunization by host environment.

DIAPREPP will investigate the novel Finnish preaotmune lipidomic findings in children who
develop T1D. Findings will be validated and expahdte the DIAPREPP Biobank, and functional
hypotheses tested in animal models and cell-bassay/s.

Milestones during project:

3.1 Validated list of pre-autoimmune metabolomenges based on longitudinal data from
DIAPREPP Biobank.




3.2 Generation of model systems to address thethgpes motivated by our clinical findings,
including the DHPAT+/--NOD and UCP2-/--NOD mice,wasll as DHPAT gene silencing on
insulinoma cell lines and islets.

4. Identify the early autoimmune immunization 'sigiires’ to islet autoantigens.

DIAPREPP will draw on the DIAPREPP Biobank lymphdes, and human HLA class | molecule
expressing mouse models to establish an array aismmes for defining and describing islet
autoimmune response profiles in the DIAPREPP nesisd-controls.

Milestones during project:

4.1 Novel IFN-g Elispot assays using proinsulin;2ZAGAD65, and newly identified autoantigen
epitope panels.

4.2 Single cell PCR assay suitable for determirgege expression profiles of islet-antigen
reactive CD8+ T cells sorted using cytokine capassay.

4.3 High throughput platform assay for 'signatbrehoral autoimmunity profiling.

5. Translate early immunization profiles to preidictand prevention strategies.

DIAPREPP will exploit its findings through commeatidevelopment of assays, and determine the
impact of its findings on prevention strategiesdpplication to ongoing and completed prevention
trials. A facility for prevention trial implemenian will be established.

Milestones during project:

5.1 Sensitive ELISA measurement of antibodies talyaedentified islet granule autoantigen,
enabling commercial development.

5.2 Method for selected metabolite profiling suiéafor low cost screening.

5.3 Creation of Prevention Implementation facility.




Project Results:

1. The DIAPREPP Biobank.

The general objective of Work Package 1 was toigeoa unique Biobank of clinical material for the
specific study of T1D early pathogenesis. WP1 fiomed as a central platform to the other four S/T
work packages and provided a flow of resourcehésd work packages. The resources include (see
table 1 for summary):

1. Nested case-control cohort of children followedirbirth to autoimmunity to disease.
2. New high intensity followed infection cohort ofkishildren.
3. Pancreatic lymph nodes obtained from patients With, who have undergone surgery.

4. Pancreas, pancreatic islets and lymph nodes frotienps with islet autoantibodies who
undergo pancreatic surgery and controls.

5. Pancreas, pancreatic islets and lymph nodes frigtnaigtoantibody positive organ donors.

Nested case-control pre-type 1 diabetes samples.

A major achievement in this work package is thaldihment of the virtual database with the nested
case-control cohort of children, providing a unigasource to the DIAPREPP partners to investigate
autoimmunization to islet antigens and progres&ohlD, thus completing milestone 1.1. Cases and
controls have been obtained from the Finnish DIRElys German BABYDIAB and BABYDIET
studies, and the Swedish DiPiS study. Cases induiidren who:

= have stored samples (serum, plasma, cells or sindl)
= have developed at least one islet autoantibody and
= have material for genetic analysis.

The original target of 300 children with predialsefisliet autoantibody positive) followed from befor
age 1 year and 600 controls was well exceeded.cbkes are further sub-grouped into i) cases that
have progressed to diabetes (94 cases), ii) chaehave islet autoantibodies to two or more islet
antigens, but have not progressed to diabetes ¢a28s) and iii) cases with antibodies to one islet
antigen who have not progressed to diabetes (285skalhe data is inserted into the web-based BC
Gene database, which has been made accessibldeoant partners. This resource has been used to
identify new biomarkers, identify periods of incsed seroconversion, and examine genetic
determinants of seroconversion and progressionidbetes. Some of the material will be made
available to collaborators outside of DIAPREPP, d@nié expected that this bioresource can be
utilized in future projects.

Intensively followed infection cohort.




The nested case-control pre-type 1 diabetes saraptesupplemented by samples from a new study
carried out by DIAPREPP partner Simell (Turku UH)ereby children who are genetically at risk for
T1D and living in the vicinity of the University dfurku clinical site are being enrolled and follave
intensively at the time of infection (INDUS study)henever a study subject presented signs or
symptoms of infection, stool and nasal swab samgle® collected at home. These samples were
mailed directly to Roivainen (P14, THL) for virusalysis. Samples were collected every 2 days until
the child has been healthy for 2-3 days and aftat &dditional 3 times with 5 days interval. The
family kept a diary of the child's symptoms. Théldrien visited the study physician during the time
of infection as clinically needed. Medications awtfier therapies were accurately recorded. Blood
samples were drawn when time interval from the ipresrsampling allows (every 3 to 6 months) and
additionally when blood draw was clinically justéifi because of the infection. Thus far, 79 children
have been recruited and over 400 samples have dikected and made available for DIAPREPP
investigations. This unique study will continue wieparate funding and provide invaluable material
for identifying infectious agents predisposingstet autoimmunity.

Pancreatic surgery tissues.

While much is known about the pathology within th@&ncreas of mouse models of autoimmune
diabetes, little is known with respect to man. kllepancreas, islets, and pancreatic lymph nodes
from patients with recent onset type 1 diabetesfeon islet autoantibody positive subjects without
diabetes are a rare source of material. DIAPREBRest three studies that aimed at providing this
material for study. Two of these collected matefiam patients undergoing pancreatic surgery and
one from organ donors (see below).

Patients intended for pancreatic surgery at the H&Rner site were screened for their glucose
homeostasis and for islet autoantibodies priorui@exy in order to identify patients with diabetes
and/or islet autoantibodies. Pancreas tissue aretenvpossible also pancreatic lymph nodes were
obtained from positive patients and relevant negatontrols at the time of surgery for this
DIAPREPP Biobank resource. A total of 414 patiemse screened (Table 2).

In total, 18 were positive for GAD antibodies, 3sjive for I1A-2 antibodies, 42 positive for insulin
antibodies, and 5 positive for ZnT8 antibodies;ad multiple islet autoantibodies. Of these, makeria
was isolated and processed from 49 antibody pesjpiatients. These resources include pancreas
blocks and lymph nodes, are included in the DIAPRERobank, and are available for study to
DIAPREPP partners and the scientific community.

A second source of pancreatic surgery tissue vaas fratients with type 1 diabetes who underwent a
pancreas transplant. Here, pancreatic lymph nodee wollected and processed from 25 patients.
These were processed for immunological studies.

Tissue from organ donors.

DIAPREPP initiated a real-time organ donor screeniglet autoantibodies in Scandinavia. To be
successful, the SME partner RSR (P12) developestastreen ELISA (GAD and IA-2 antibodies)

and provided this to P9 for use in screening. Altof 388 organ donors were screened. In total,
pancreas tissue was recovered from 11 cases weisletr autoantibody positive and from 2 cases of




undiagnosed type 1 diabetes. This material is iguenand is the subject of substantial research
within DIAPREPP. Moreover, it is now included in ethsubsequently started nPOD
(http://www.JDRFNPOD.org) international program.eTérgan donor screening activity of partner 9
has been exported to a new FP7 collaborative grdp&d/NET (Hyoty) in order to ensure its
continuity.

1. Virus and type 1 diabetes - identification of vises.

An important objective of the project was to tegpttheses related to the viral aetiology of type 1
diabetes. Viruses were sought within the Biobankeniel.

Enteroviruses are prime candidates for a pathogerae in type 1 diabetes. Partner 14 (Roivainen,
THL) is the reference laboratory for enterovirugedton in Finland and therefore provided the
opportunity to investigate in detail the enterogegs found within the DIAPREPP samples. In a first
study of samples from German neonates, virus walatésl and sequenced from stool samples
obtained in the first year of life in 104 childrengcluding 22 who developed islet autoantibodies.
Analyses were performed in relation to the appesrast islet autoantibodies, dietary intervention,
maternal type 1 diabetes and clinical symptomslgbotative study between partners Ziegler (P5
FDeV) and Roivainen (P14 THL). Human enterovirugYhl was detected in 32 (9.4%) samples from
24 (23.1%) of the 104 children examined (Figure Afjogether 13 serotypes were identified, with
HEV-A species being the most common. Children vg#strointestinal symptoms had norovirus
(3/11) and sapovirus (1/11) infections in addittorHEV (1/11). Of the 104 children, 22 developed
islet autoantibodies. HEV infections were detectad18% (4/22) and 24% (20/82) of islet-
autoantibody-positive and -negative children, retpely (p=0.5). The prevalence of HEV was
similar in the early and late gluten-exposed groaqd in children from mothers with type 1 diabetes
or from affected fathers and/or siblings (p=1.0 &, respectively). According to these results no
correlation was found between the presence of HiEthe first year of life and the development of
islet autoantibodies. Likewise, there was no asgoti between HEV infections and dietary
intervention, maternal diabetes or clinical sympmorRhylogenetic trees were generated for the
isolated viruses in the samples. The phylogenéiitering of these viruses indicates that theynate
unique and are similar to strains circulating ia general community. These findings were published
(Simonen-Tikka et al, Diabetologia).

Virus detection was also performed in stool samples nasal swabs obtained from the 110 children
within the high intensive follow-up study, INDIS 1B, TuH) in order to reveal frequencies of early
childhood infections (P14, THL) and to identify therus infections associated with early
pathogenesis of T1D. In the INDIS study 260 stow @62 nasal swap specimens were analyzed for
enteric (enterovirus, norovirus, rotavirus, sapasjrastrovirus) and respiratory viruses (enteraviru
and rhinovirus), respectively, using virus-specifeal-time RT-PCR methods. In addition, stool
samples were studied for the presence of humarciparieus (HPeV) and the newly discovered
human cardiovirus, saffold virus, which has beeoendy associated with gastrointestinal tract
infections in humans. Altogether, HEV, HPeV, No\effgtype Gll) were detected in 9.6%, 15 %,
6.2% of the samples. Other intestinal viruses weesent in 0.8-1.5 % of specimens. 19.1% and
51.5% of nasal swab samples were positive for ewiterses and rhinoviruses, respectively.
Furthermore, the enterovirus strains causing ifdest have been isolated and identified. These
studies will be supplemented with work in which tkelated viruses are characterized for beta cell




tropism and pathogenesis, thus providing a comm e list of childhood enteric and respiratory
viruses that could induce beta cell damage andehigger or exacerbate islet autoimmunity.

With respect to virus identification in islets, Rainen (P14, THL) and Korsgren (P9, UU) each
examined pancreatic islets from islet autoantibpdgitive individuals and/or new onset type 1
diabetes. Specifically, Korsgren performed virualgsis of isolated tissue (islets, pancreatic begs
exocrine tissue, spleen and PBMC) from two orgamod®that died at onset of type 1 diabetes. Some
islets in pancreatic sections from the two T1D ardanors were stained positive for PKR, INF and
dsRNA which is consistent with virus infection. kastructural studies of islet cells from the twdT1
organ donors showed that insulin granules weredfs® disrupted, no sign of ongoing apoptosis
was seen and in a few &#223;-cells most intracatidrganelles were missing. Morphological
examination of the sections revealed that in scstetsi dilated endothelium and bleedings could be
seen. Functional studies of isolated islets fromm ThD donors revealed that a major loss of insulin
secretion was detected. No virus has been isol&tadcreatic sections from an islet autoantibody
positive donor were also examined and found toyqtasitive for enterovirus, dsRNA and PKR and
in a few islets bleeding could be seen. Enterovapscific PCR performed in the 5 region were
positive, but attempts to amplify the VP1 regios failed. Search for viral genome expression in the
pancreatic islets using High throughput sequenf@ify ULUND) is ongoing. Roivainen searched for
enterovirus in islets from 8 islet autoantibody ipes subjects, and found that one islet prepamatio
was enterovirus positive in two different highlynsgive, validated RT-PCR-methods targeting highly
conservative 5' non-coding region of the enteraviggnome (unpublished). The positive result was
confirmed by sequencing the amplification prod&ai.far, attempts to gain more genetic information
on this specific virus strain by sequencing othesrame regions have been unsuccessful.

Finally, with respect to virus identification, Piemti (P8, HSR in collaboration with P14, THL)
completed analysis of enterovirus RNA in 72 gutplies from islet autoantibody positive subjects,
recent onset T1D patients and their controls. Abjscts were found to be negative suggesting that
the studied patients do not have an ongoing erteinfection in gut mucosa, excluding persistent
enterovirus infection. Further confirmation was gloube protein staining. Since staining of tissues
using a commercially available monoclonal antiboy enterovirus capsid protein VP1 was
associated with false positive results, new monwdl@ntibodies to capsid protein VP1 have been
generated by Solimena (P1, TUD). The gut biopsiesewalso processed for High Throughput
Sequencing by Dillner (P4, ULUND). Very few virusegre identified, again consistent with a lack
of persistent viral infection via the gut mucosdhiase patients.

Overall, the findings of virus identification shaevidence for enterovirus infection in a minority of
islet autoantibody positive and T1D cases.

2. Virus and type 1 diabetes - mechanisms of isligtfection

The entry process of enterovirus to pancreatidsisieay depend on the properties of the virus
involved but also on tissues the virus has to ievemreach pancreatic islets. Three types of cells,
pancreatic &#223;-cells, ductal cells and endo#halells could be involved in the process and thus
the interactions of enteroviruses with these @ak#sof importance. Roivainen (P14, THL) has studied
the receptor usage of selected islet cell rephgagichoviruses and shown that vitronectin receptors
alphaV-integrins, act as a cellular receptor foresal echoviruses in primary human islets, whitst i

primary human endothelial cells, these receptorskwanly for some of the studied serotypes




(Ylipaasto et al., J. Gen Virol 2010). Geneticatsity of enteroviruses and other RNA viruses is
based on error prone replication of the genomic RM#Ach results in generation of multiple genetic
lineages during long infection in a given indivitluBhis means that enteroviruses exist as mixtafes
microvariants in clinical isolates which may haviedences in their pathogenic properties. By tgkin
advantage of the clinical echovirus 9 isolated fran6-week old baby at acute onset of T1D,
Roivainen (P14, THL) produced parallel infectiolsnes of the virus and showed that some of them
were more destructive in primary human islets ttien others. By help of the whole virus genome
sequencing and site-directed mutagenesis theain&o acids responsible for the cell tropism were
identified. The results showed that two clonesedétl only by two amino acids, but nevertheless had
a substantial phenotypic difference in primary harpancreatic islets (lytic vs non-lytic).

In order to infect pancreatic islets, the virus lmpass through endothelial cells either by infert
them or by transcytosis. The infection of endotdetiells by enteroviruses might also induce pro-
inflammatory cytokines and other toxic moleculdé®reby destroying beta cells indirectly or leading
to the activation of autoreactive T-cells. The dalitzes of selected T1D associated enterovirus
strains to infect primary human endothelial celerevstudied by Roivainen (P14, THL) and Piemonti
(P8, HSR). The results showed that a recently destrhighly prevalent enterovirus serotype
enterovirus 94 (EV-94) was able to damage pancrasiet cells, to infect, replicate, and cause
necrosis in human pancreatic islets (Figure 5), tanthduce proinflammatory and chemoattractive
cytokine expression in endothelial cells (Smuralet2010).

Korsgren (P9, UU) additionally studied coxsackiasirB5 infection in exocrine and endocrine
pancreatic tissue. In addition to laboratory stthiey used a clinical strain isolated at onset bDT
According to their results both virus strains regled in endocrine cells but not in exocrine cell
clusters. When two pancreatic exocrine cell linesamused a strain specific variation was seen in
virus replication and cell destruction. Ultra stral studies of infected endocrine cells revedted
virus particles were often associated to insuliangte. The intracellular distribution of virus was
demonstrated by gold labelled EV antibody.

In addition to endothelial cells and exocrine geabher pancreatic cell types which might relevant
T1D are epithelial and mesenchymal cells. The tesidtained in studies of Roivainen (14 THL) and
Piemonti (P8 HSR) suggest that enteroviruses ale tabinfect, replicate, and cause necrosis in
epithelial and mesenchymal cells, but with somasystrains the host cell specific factors involired
e.g. viral replication and/or translation resttto¢ viral growth thereby modulating the outcomehef
infection (lytic, non-lytic infection, acute, chria). Pancreatic ductal cells are also in close acino

the pancreatic islets. According to our data sdwdifferent enterovirus serotypes are able to ihfec
and produce viable progeny in human pancreatic epithelial cell line (HPDE). Some of the virus
types were highly cytolytic whereas other closallated serotypes multiplied in these cells without
apparent cytopathic effect. Furthermore, when alyiio strain was passaged five times in HPDE
cells, its phenotype changed from non-lytic todytrhe phenomenon was unique for pancreatic
ductal cells, since both the original and ductdl adapted virus strains replicated and induced cel
lysis in green monkey kidney (GMK) cells (whichrisgularly used for enterovirus culture). This
provided a unique model for studying viral gendéatures and virus-cell interactions behind virus
induced cytolysis. The virus induced lytic cell ttehas specific importance for the pathogenesis of
T1D, since it represents a severe form of deathrevtie cell content leaks into the surroundingiss
possibly causing damage to bystander cells (sudbetscells) and inducing strong inflammatory
response. Consistent with this, lytic virus infentiwas shown to induce the release of interleukin 1
alpha and beta in ductal cells.




In summary, it is demonstrated that several enirre\strains can infect and replicate in beta cells
and molecular requirements for this infection wedentified. These viruses can also infect
endothelial cells, mesenchymal cells and pancrehtat cells, but not exocrine cells. Infection in
these non-islet cells is variable in its outcomeéhwespect to cell lysis. The findings demonstthe
enterovirus from several strains is capable ofrerggereplicating and destroying islet cells or rga
cells and therefore confirms virus multiple entatipways for beta cell lysis.

3. Virus and type 1 diabetes - islet response prédis

As described above, effects enterovirus infectionislet cells varies according to virus strain.
Response to virus infection was collaborativelymeixeed by global gene expression and cytokine
profiles (P14 THL, P9 UU and P8 HSR). The findirg®w that strong, sustained and temporally
increasing gene expression levels of mediatorsnoate immunity, such as dsRNA recognition
receptors, antiviral molecules, cytokines and cHenes were induced by the islet cell destructive
enterovirus. The quantity and timing of the expi@s®of genes (e.g. IL-1, TNF-alpha and TRAIL)

that are considered to be key mediators in cytokideiced beta-cell dysfunction were associated
with the destructive viral phenotype. Furthermaparallel echovirus clones that induce varying
degrees of necrosis, ranging from highly Iytic &anbenign in human pancreatic islets in vitro,aver

utilized for the detection of distinct gene expresspatterns, representing enterovirus replication
leading to necrosis or replication with no (or mincellular death, with minimal involvement of the

genetic background of a virus. The results suggedistinct gene expression pattern leading to
pancreatic islet destruction and pro-inflammatdfgas after enterovirus infection. However, neithe

viral replication nor cytotoxic cytokine producti@one are sufficient to induce necrotic cell death

Islet response to virus infection was also examiasithg islet metabolomic profiles. Decreases in
ether lipids were found in the medium of infectagll as compared to mock infected cells. The
findings of infected islets also found large difeces in lipidomic profiles of islets obtained from
islet autoantibody positive donors (Figure 6).

4. Virus and type 1 diabetes - the PTBP1 pathway

There is sound evidence that the polypyrimidinettbanding protein 1 (PTBP1) binds to the RNAs
of picornaviruses and enhances their IRES-medittetslation. Previous work by Solimena (P1b,
TUD) has independently shown that PTBP1 is requioedhe glucose-stimulated rapid up-regulation
of insulin granule biogenesis in pancreatic betks.c8pecifically, it was shown that PTBP1 binds to
the 3'- and 5-UTRs of mRNAs encoding insulin gienaomponents, thereby enhancing their
stability and translation. The list of granule campnts regulated by PTBP1, includes the
autoantigens of type 1 diabetes insulin and ICAB$2/ In DIAPREPP the Solimena laboratory, in
close collaboration with Merja Roivainen (P14, THhas investigated therefore whether hijacking of
the glucose-induced "PTBP1 response” by enteragrascounts for: a) the beta cell tropism of these
viruses; and b) the changes in beta cells thatdcdesd to loss of tolerance toward granule
components.

They have discovered that infection of insulinoreiscwith two distinct Coxsackievirus B5 (CVB5)
strains blocks cap-dependent mRNA translation tjinaihhe cleavage of elFG4 and PABP, but does
NOT prevent the glucose-stimulated, PTBP1-depend&ES-mediated translation of pro-insulin,
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pro-ICA512, pro-Chromogranin A, pro-PC1/3 and p@2PmRNAs. Remarkably, however, in
CVB5-infected cells the total levels (intracellulaontent + media) of the corresponding mature
granule proteins as well as of insulin granules dnamatically reduced. This depletion cannot be
attributed to increased granule exocytosis, whitsteiad is inhibited. Moreover, they found that
CBV5 infection correlates with an increment of LG&tuctures, suggesting the induction of
autophagy. Hence, we hypothesize that enterowrdseert the traffic of newly synthesized insulin
granule precursor proteins from granules to autgpbames. Thus these proteins would be 1.
obscured from normal processing pathways and 2enawmailable for degradation pathways and
presentation via MHC. Since in enterovirus infedteth cells cap-dependent translation of most other
proteins is inhibited, this mechanism could accdonta sudden and dramatic increased presentation
of peptides from granule antigens in MHC | in tloatext of an inflammatory process, and thus in the
preferential loss of self-tolerance toward grancdenponents or increased presentation of self or
altered self peptides to CD8 T cells. These arehiindings from DIAPREPP.

5. Virus response gene and type 1 diabetes

The intriguing findings with respect to virus aryppe 1 diabetes were further examined at the lefvel o
genes involved in virus response. A gene confertype 1 diabetes susceptibility is Interferon
inducible helicase 1 (IFIH1). As part of the Biokamsources, DNA was available for genotyping of
the children followed from birth. This was perfordnby Ziegler (P5, FDeV) and Bonifacio (P1,
TUD) in the German BABYDIAB cohort to examine whethnew susceptibility genes, including
IFIH1, were associated with seroconversion to &lgbimmunity and/or progression to diabetes after
seroconversion. The findings were striking withpess to IFIH1 which showed no association with
seroconversion but which showed that islet autbadif positive children with type 1 diabetes
susceptible genotypes progress to diabetes twes tiaster than islet autoantibody positive children
with the protective genotypes (Winkler et al, Disdse Bonifacio et al, Diabetes; Figure 8). The
findings suggest that viral responsiveness of dslleelevant to the rate of development of type 1
diabetes and that viral infection may have the miaaeto influence type 1 diabetes development at
multiple stages of pre-clinical disease. These geme also are being examined in the Finnish DIPP
cohort.

6. The metabolome at birth in children who developslet autoimmunity.

It was suggested in a preliminary analysis of datan the Finnish DIPP study that there were
differences in the metabolome at birth in childweno developed type 1 diabetes as compared to
children who did not. These data were elaboratedinvDIAPREPP and eventually published (Oresic
et al, J Exp Med). A larger set of cord serum samgtom the DIPP cohort were subsequently
studied. Cord serum metabolome was investigatedragressors to T1D (n=33), newborns who
developed 3 or 4 (n=32), two (n=34), or one (n=5@t autoantibody (Aab) during follow-up, and
controls (n=160) matched for gender, HLA genotygigy and period of birth. The analyses were
performed using the established metabolomics plagobased on Ultra Performance Liquid
ChromatographyTM coupled to mass spectrometry fprddmics and two-dimensional gas
chromatography - time-of-flight mass spectromewy profiling small polar metabolites. The data
indicate that T1D progressors and likely progress¢@ or 4 Abs) are, in comparison to
nonprogressors in the control group, characterizgddistinct metabolic profile which includes
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diminished phospholipids, dominated by low sphingelms as well as several ether lipids, and
diminished lactic and fumaric acids, among oth8tech a metabolic profile is not found in children
who developed only one islet autoantibody during fibllow-up, except for lactic acid, which was
also diminished in this group. In fact, none of tipéds were different when comparing this group
with nonprogressors from the control group. Thigdgtconfirms earlier findings as well as suggests
that the observed diminishment of specific phogpiad and other metabolites in cord blood is
specifically associated with islet autoimmunity tth@ads to T1D but not with single islet
autoimmunity which is known to infrequently progses diabetes. In children (n=23) who developed
T1D before 8 years of age in the Swedish DiPiS ysttlee cord blood metabolomics profile
(determined by Oresic, P6, VTT) was different frage, gender and HLA-matched controls for a set
of 6 phospholipids. The findings which confirm obhsgions in the Finnish DIPP study are
remarkable with respect to demonstrating that direst birth children destined to develop type 1
diabetes may have a signature metabolomic profile.

7. The metabolome is affected by the appearanceisfet autoantibodies.

DIAPREPP provided longitudinal metabolomics analyisi the DIPP cohort performed by Oresic
(P6, VTT) which indicated that that inflammationdaprotection against oxidative damage play
crucial roles in the pre-autoimmune stages of tipeliabetes pathogenesis. Specifically, ether
phospholipids functioning as endogenous antioxglamre reduced throughout the follow-up in those
who developed diabetes, while lysophosphatidylciesli known chemoattractants of T lymphocytes,
were up-regulated several months prior to seroasine to autoantibody positivity (Oresic et al, J
Exp Med). Thus, akin to what was observed at bitik, metabolome was able to show alterations
prior to seroconversion. These analyses were eatetulthe BABYDIAB study which had postulated
that children who seroconverted during early clolath had different immunization profiles to
children who seroconverted late in childhood. Metaimic analysis of the BABYDIAB samples by
partner 6 (VTT) gave support to this hypothesidu@fer et al, Diabetes). First, lipidomic changes
were observed in islet autoantibody positive cleiidiregardless of the age of seroconversion.
Importantly with respect to heterogeneity, the aracid methionine was markedly reduced in serum
samples from children who seroconverted by agea?syas compared to children who seroconverted
at age 8 years and to islet autoantibody negatiitdren (Figure 9). The findings were persisteneaf
seroconversion, but were not observed prior tocggneersion. The metabolomic data were further
extended to a second large set of samples fronfritirésh DIPP study which are in the process of
being analyzed. Nevertheless, thy again show eéffiegs in lipids between antibody positive and
negative children at and after the time of seroeosion. Moreover, additional differences were
observed with respect to the age of seroconver3iouns, the metabolome is shown by DIAPREPP to
be a rich source of biomarkers for the pre-typedbelies period, and a potential source to identify
novel pathways involved in the preclinical process.

8. DHAPAT - a novel pathway of pre-type 1 diabeteBom the metabolome.

A striking finding from the metabolomics data wae tearly decrease in plasmalogens in children
who developed type 1 diabetes. DHAPAT (dihydroxtanephosphate acyltransferase) plays an
important role in production of plasmalogens. Cstesit with this Oresic (P6, VTT) performed a

bioinformatics analysis of publicly available gemression data from pancreas of NOD mouse and
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confirmed the importance of DHAPAT in early stagdsautoimmune diabetes pathogenesis (Sysi-
Aho et al; PLOS Computational Biology). Convergemce DHAPAT was therefore proposed as a
pathway for type 1 diabetes development. DIAPRERI®®S in beta cells (Solimena, P1) and mouse
models (van Endert, P2) sought to examine whetkécidncies in DHAPAT had consequences in
vitro and in vivo. Knockdown of DHAPAT from betaltknes confirmed the phenotype of decreased
plasmalogens and ether lipids in DHAPAT deficieptls; but there was no alteration of insulin
secretion associated with this. This suggestsiftit#i APAT is involved in the pathogenesis of type 1
diabetes, it is unlikely to be directly throughesfifs on insulin secretion. Definitive proof of DHAP
involvement in autoimmune diabetes came from thesacstudies. Partner 2 produced hemizygous
DHAPAT deficient mice on the NOD autoimmune diaseteackground. These mice have an
accelerated onset of diabetes as compared wigh fitatched control mice (Figure 10). Lipid profiles
and immune function in the mice is currently unideestigation.

9. Islet autoimmunity has a peak incidence around $ear of age.

The DIAPREPP birth cohort resources from Germary &candinavia are unique and provided the
opportunity to examine closely factors which detiewn seroconversion to islet autoantibody
positivity. A striking observation was the timinfgeroconversion in the children. Partners 5 (FDeV)
and 1 (TUD) created incidence data on the GermaB¥HMAB and BABYDIET study children
which demonstrated a clear peak incidence aroued9amonths to 2 years. This was particularly
enhanced in the early period when children witbrgirgenetic risk for type 1 diabetes were examined
(Figure 11).

Even more striking was the absence of seroconversithe age range 0 to 6 months. Finnish data in
children without a family history of type 1 diabetgenerated by partner 13 (Turku UH) was

consistent with these observations. Analysis ohltbe German and the Finnish data confirmed their
previous reports that autoantibodies to insulinentdre earliest to appear in the children. Thus,
DIAPREPP shows that there is a period of high quiimiéty to seroconversion which starts after age

6 months and then declines after age 2 years.iJ highly relevant to triggers of islet autoimmuynit

10. Increased type 1 diabetes incidence appearstie due to faster disease progression.

Most European countries report an increased incelef childhood diabetes over the last decades. It
was unclear whether this increase is due to masgeversion i.e. triggering of islet autoimmunity
or to a faster progression to disease after theiraotunity has initiated. Through its collaboration
with the international TEDDY study, DIAPREPP invgstors were able to address this question in
Germany. Partner 5 (Ziegler, FDeV) examined thebabdity of developing islet autoimmunity,
diabetes, and the rate of progression from seraggion to diabetes in the BABYDIAB study
children and compared this to matched childrerheénrhore recent data obtained in the same region
within TEDDY (Ziegler et al, J Autoimmunity). A higer proportion of children developed type 1
diabetes by age 5 years in the more recent TEDDWystohort as compared to the BABYDIAB
study children confirming the overall increaseypéd 1 diabetes trends. However, islet autoantibody
risk was the same during the two study periods.ldximg the increase in type 1 diabetes was a
marked increase in the rate of progression to tymkabetes after seroconversion in children who
developed islet autoantibodies (Figure 12). Thdifigs point to a decrease in the ability to control
autoimmunity as a cause for the rising incidencéypé 1 diabetes. Together with the findings that
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susceptible genotypes of the viral response gelilIBre also associated with a faster progression t
diabetes in the same cohort (Figure 8), it is ssfyge that viral infections occurring after
seroconversion may be important in determiningréte of progression to diabetes. This opens new
avenues for prevention in children with pre-typdidbetes.

11. Autoimmunity against the insulin granule proten Zinc Transporter 8 (ZnT8)

Shortly before the start of DIAPREPP, the insulirargile protein ZnT8 was identified as an
autoantigen in type 1 diabetes by investigatordh@ USA. DIAPREPP investigators had also
gathered evidence that this was a target of aubmaties in pre-type 1 diabetes. Partner 8 (HSR) and
partner 4 (ULUND) cloned the intracellular portiof the three polymorphic variants of ZnT8 for
protein expression and use in immunoassay. Padtriested over 2500 patients at onset of type 1
diabetes for antibodies to the three variants andd antibodies to at least one of the varian&4i

of patients (Vaziri-Sani et al, J Imm Methods; Fgd3). ZnT8 antibodies were also examined with
respect to other islet autoantibodies, age, anduaisbeta cell function and were found to be ulsefu
markers in addition to the established antibodiemsulin, GAD65 and IA-2, and were independent
of age (Andersson et al, Autoimmunity; Nilsson leaitoimmunity).

Lampasona (P8, HSR) examined ZnT8 antibodies im @0 adult onset diabetes patients and
found that their presence in patients with also Ga&mibodies and/or I1A-2 antibodies identified a
phenotype of autoimmune diabetes with younger dgenset and characteristics of more severe
insulin deficiency (Lampasona, Diabetes Care). Igin&chenbach (P5, FDeV), Lampasona (P8,
HSR) and Bonifacio (P1, TUD) extensively studiedr8rautoantibodies in the German BABYDIAB
samples and found that they appeared at a sinmha frame and frequency as IA-2 antibodies and
conferred increased risk for progression to diabstben found together with islet autoantibodies
(Figure 14). They further showed that the genofignehe ZnT8 polymorphism at amino acid 325 is
strongly associated with the autoantibody resptmsle respective polymorphic variant in a manner
that is consistent with more response to the selynporphic variant. Moreover, ZnT8 antibody
positive children who were homozygous for a variaete more likely to progress to diabetes than
ZnT8 antibody positive children who were heterozygo

Overall, the DIAPREPP findings with respect to Zndoantibodies demonstrate that it is a major
autoantigen in type 1 diabetes and that measureofiediiT8 autoantibodies is highly useful for the
prediction of type 1 diabetes, in particular iniinduals with other islet autoantibodies. Henceg th
development of a kit for the measurement of ZnT@#badies by the SME partner RSR as originally
planned became a high priority activity. RSR useappety knowledge to develop an ELISA for
measurement of antibodies to the two more commdar8Zmariants. A prototype ELISA was made in
2009 and optimized. It underwent blinded evaluaiiorthe Diabetes Autoantibody Standardization
Program (Lampasona et al, Clin Chem) and perforexticemely well in comparison to other assays.
Moreover, the ZnT8 antibody workshop led by DIAPRERvestigators Lampasona and Achenbach
showed high level of performance and concordanaengmmultiple ZnT8 antibody assays. The RSR
ZnT8 antibody kit has now been put on the market.

While autoantibodies are excellent markers of ppetl diabetes, it is generally considered that
autoreactive T cells and in particular CD8 T calls the effectors of beta cell destruction. Heace,
ability to measure these T cells is consideredrgroitant goal in the type 1 diabetes field. Peter v
Endert (P2, INSERM) provided expertise in CD8 T epitope identification and assays. He used this
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expertise to identify a set of potential peptidest tould be recognized by CD8 T cells from patient
who had a HLA A2 allele (note that CD8 T cells rgeze antigenic peptides bound by HLA class |
alleles such as HLA A). His group were able to tdsbd samples from patients and controls who
were HLA A2 positive and showed that ZnT8 peptides potent stimulators of CD8 T cells from
paediatric patients with type 1 diabetes, and Bhat 8 selected peptides had responses restrioted t
patients (n=35; Figure 15). Overall 37 percent ¢1385) children with diabetes had CD8+ T cell
responses against ZnT8 versus 9 percent (1 ofdritjads. Thus ZnT8 is an important CD8+ T cell
antigen in T1D. CD8+ T cell reactivity against ZnW8s also observed in 50 percent of a small group
of adult patients. Interestingly, T cells from ddphtients recognized at least one epitope never
recognized by paediatric patients (ZnT8-1), sudggsthat the epitopes recognized might vary
according to age of onset. Note that this studhesfirst to document CD8+ T cell reactivity agains
pancreatic autoantigenes in paediatric patientglispot. These data are the subject of DIAPREPP
intellectual property foreground that was considefgut not processed for patent application. It is
now part of a manuscript in preparation for pultioma

12. Single immune cell technology

Immune responses to beta cell antigens in typaletiés are almost exclusively measured at the bulk
responsive level. This includes the measurementhef circulating autoantibody pool, and the
circulating autoreactive pool via proliferation,treaner binding, or bulk cytokine production.
DIAPREPP considered it a major step forward if ceses could be measured at the level of the
single cell. In particular, there was interest stablishing technology that could capture single
responsive cells and provide information with respt their antigen specific receptors that
distinguishes autoimmunity.

B lymphocytes have an immunoglobulin receptor whilmighly variable between B lymphocytes
and which provides the B lymphocytes their abitityrecognize antigen with high affinity. The IgG
form is typical of responses that are known as migraad which represent previously activated B
lymphocytes. These make up a small proportion efdinculating pool of B lymphocytes. The task
was to isolate these IgG positive B lymphocytescivhwas achieved with magnetic bead isolation of
B lymphocytes followed by FACS isolation of the Igi®sitive B lymphocytes. The diversity of
immunoglobulin genes is due to recombination ofaegé number of genes encoding different
segments of the immunoglobulin molecule and sonmatitation to insert and/or remove sequences.
The large number of possible genes that encodégtBemolecule means that methods to clone the
IgG from any single B lymphocyte require the conattion of a large number of primer pairs in a
single PCR reaction. This is not trivial. Based pmeviously published work by others and using
DIAPREPP foreground established by partner 1 (TWD3et of 22 primer pairs were generated that
together provided specific and efficient amplifioatof almost all possible gene families relevant t
the cloning of IgG from the single B lymphocytesigiffe 16). This resulted in successful
amplification of both the heavy and light chain gein around 60% of single B lymphocytes which is
markedly more efficient than previously publishedthods. This could be applied to preparations of
single IgG B lymphocytes isolated from the DIAPREB®Bbank to obtain the gene sequences of
memory B lymphocytes from individual patients (dedow). A key application for the single B
lymphocyte technology envisaged in DIAPREPP waslitain the immunoglobulin product of B
lymphocytes that were against beta cell autoansigdrhis required expression of the cloned
immunoglobulin gene which was achieved by cloninig ia cassette that allowed full expression of
the heavy and light chain after transfection intanmmalian cell lines. The methodology was
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established and provides an efficiency of arourfib 46r the cloned genes with an overall efficiency
of between 10% and 30% for the successful expnessidgG from single B lymphocytes. This

compares to around 1% efficiency for other methsagsh as EBV transformation of B lymphocytes.
The methodology was used to generate human moraddig& from unique sources of cells within

the DIAPREPP Biobank (see below).

Although not a pre-described deliverable within PREPP, the success of the technology
development for human B lymphocytes led partneo Mévelop single cell PCR technology for
cloning of the T cell receptors (TCR) from autotese T cells as a new part of the DIAPREPP
project. Like IgG, the T cell receptor is highlydise between T cells and provides specificity to
antigenic peptides. Amplification of the TCR frormgle T cells requires multiple primer pairs.
Surveying the literature and knowledge from Peter Endert (P2, INSERM), Partner 1 was able to
eventually create a set of primer pairs that cauldcessfully amplify the TCR beta chain and the
TCR alpha chain from single T cells with around 68ftciency. This compares to around 5% using
previously established methods. Thus, partner 1 alde to use material from the DIAPREPP
Biobank to determine the full TCR sequences oflsifigcells that were responsive to autoantigens
(see below). As for IgG, it was considered benafiithe TCR products could be expressed and used
to identify to target peptide of the T cell. Thi®wd eventually allow identification of peptide set
relevant for individual children regardless of thiLA and should eventually provide the scientific
community with a large set of novel antigen peifier use in T cell monitoring. Expression was
also not trivial, but has now been achieved in [T lcees lacking TCR (Figure 17). Thus, DIAPREPP
has developed novel technology that allows thetifiestion of antigenic peptides from single T
cells. This is now being considered for patentdibplication.

Finally, with respect to single cell technology, APREPP partner 2 (INSERM) used proprietary
knowledge to bring together primer pairs that caudcessfully amplify and quantify the expression
of multiple markers of CD8 T cell activation staaad phenotype. This has enabled partner 2 to
examine single T cells that recognize specific garti peptides in a mouse model of autoimmune
diabetes and also globally in patients with typlabetes and their controls (see below).

Overall, the single immune cell technology is a hhght technological achievement of the
DIAPREPP project. Some of this technology couldapplied within the DIAPREPP project, but it is
expected to have a major application in the future.

13. Human monoclonal autoantibodies using DIAPREPBIngle cell technology.

Over 1000 human monoclonal 1IgG molecules were geéegrby partner 1 using the single cell

technology described above (see 13) from 4 sowtBsbank material which included both patient

blood and pancreatic lymph nodes from three patieviio were positive for islet autoantibodies

(organ donors and type 1 diabetes sources prowglepartners 8 and 9). Assays were developed
within DIAPREPP that would allow efficient screegiof the monoclonals against known antigens.
These were based on technology provided by paBnérdual Lucifer's assay was established that
could screen for antibodies against GAD65, 1A-2 #dretwo major variants of ZnT8 in a single assay
(Figure 18).

For identification of antibodies to insulin, theoRrsulin molecule was cloned with a tag allowing
capture onto solid phase and a chemiluminscencay asstablished. Screening of the generated
monoclonal antibodies is ongoing. Thus far, 2 humamoclonal antibodies against the 1A-2 antigen
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and 6 monoclonals against Proinsulin have beentifateh The IA-2 monoclonal antibodies have
been characterized at the epitope level and showasibut distinct reactivity. This activity will
continue to complete the screening of the humanationals and fully characterize the positives.

14. Human GADG65 autoreactive CD4+ T cells using DIRREPP single cell technology

Assays were developed for identification and isotabf GAD65 responsive memory (CD45R0O+) T
cells using either whole antigen plus proliferatmnGADG65 peptide plus tetramer isolation (Figure
19).

TCR alpha and beta chains from the responsive eedlee sequenced and annotated using a
bioinformatics pipeline developed by partner 1. Tihdings show that responsive cells with the same
TCR can be identified in multiple wells from thersablood sample and from both peptide and whole
antigen stimulated cells. However, unlike what waserved for the recall antigen tetanus toxoid
these highly representative TCRs against GAD65 ware and most of the TCRs from antigen or
peptide responsive cells did not overlap. This esgecially so for peptide responsive TCRs which
were rarely found in the antigen responsive repertdt was also possible to examine peripheral
blood and pancreatic lymph node T cells from thaeséslet autoantibody positive organ donor. The
lymph node CD4 T cells were highly responsive to B®& and numerous TCRs from these
responsive T cells were obtained. However, nonbh®ftequences matched those found in peripheral
blood responsive T cells suggesting that repedoaethe lymph node differ from those in the
peripheral blood. Of particular interest, TCR fréBAD65 responsive CD4 T cells from the same
subject and also from different patients can stfa@esame TCR alpha chain with several beta chains.
This is interesting with respect to public TCR damsaand potential diagnostic assay development.

15. CD8 T cell expression profiles using DIAPREPHmgle cell technology

Initially van Endert (P2, INSERM) applied the siaglell expression technology in the model of the
non-obese diabetic (NOD) mouse, where issues suithearelationship between CD8+ T cells in the
blood and in islet infiltrates, and the value of &DT cell monitoring with respect to disease
prediction and to monitoring after treatment withti&CD3 antibodies can be studied rapidly and
efficiently. Methods for FACS sorting of bulk CD8¥ cells and T cells recognizing the
immunodominant epitope IGRP206-14 were set up, aalid from peripheral blood and from islet
infiltrates of pre-diabetic mice aged 7, 11, 17>80 weeks, as well as from diabetic mice, treated
not with anti-CD3 antibodies, were sorted. Using firotocol established by van Endert, mMRNAs
encoding 18 different genes whose products arelvadoin CD8+ T cell differentiation, effector
functions, homing, cytokine secretion and uptakeewgiantified in single cells from these periods.
The findings show a highly skewed expression inlGBP pentamer positive cells as compared to
pentamer negative cells sorted from islets of NOIBen{Figure 20). Additional treatment related
findings were observed.

Human CD8 T cells were also examined by van Endeene expression of CD8+ T cells from
patients were examined without selection for amtigpecific T cells. An initial study on T cells
obtained from adult and pediatric patients at Tlii3et has been completed and is prepared for
publication. Multiplex single cell PCR analysis wasrformed separately on single CD45RA+
(mainly naive) and CD45RA- (memory) CD8+ T cellsheTanalysis was limited to 14 genes
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including granzyme A and B, perforin, IL-2, IFN-gara, TNF-alpha, TGF-beta, FasL, KLRG1,
IL10R, IL7R, CCR7, RANTES and MIP1-beta. Twelve Bdund 12 paediatric patients were studied
together with an equal number of controls. For e&atell subpopulation and patient or control, a
minimum of 40 cells was analyzed. Since the sitnglé PCR technology allows for identification of
T cell populations expressing defined sets of geadsiostatistical cluster analysis was performed
which identified differences with respect to thiatiee abundance of defined subpopulations between
patients and controls. This study demonstrated WD onset is associated with substantial
alterations in gene expression by CD8+ T cells ailn paediatric and adult patients. A surprising
finding is the striking discrepancy between aduld pediatric patients with respect to expression of
some genes, particularly those encoding TGF-betalanIL-10 receptor. Interestingly, expression of
some markers is altered both in cells from adutt pediatric patients however in opposite directions
(down-regulation in adults vs. up-regulation in Idteén or vice versa). While the biological
significance of this finding remains to be deteredin it suggests significant differences in the
pathophysiology of pediatric and adult T1D (FigQds.

16. The IL-7/IL-7 receptor pathway

DIAPREPP investigators (P8, 5, 1) examined cytokimemokines profiles in neonates with the aim
to identify pathways that were supportive of autoiumization. Results emerged showing that the
homeostatic cytokine IL-7 was increased in thd fyesar of life. Thus, the effects of IL-7 on CD4 T
cell activation were examined. The data conclugigblows that antigenic stimulation in the presence
of increased IL-7 concentrations increases the murnb naive antigen responsive CD4 T cells that
are activated and increases the proliferation ofmorg antigen responsive CD4 T cells. Thus,
DIAPREPP has proposed that the IL-7 pathway islireg in early immunization against beta cell
antigens. These data have been submitted for pitiblic Further evidence was obtained by
examining serum concentrations of soluble IL-7 ptae sIL-7R is shed when cells are activated by
IL-7. sIL-7 concentrations were increased in cldidrat onset of type 1 diabetes as compared to
matched control children (P=0.0001).

17. Preparing for prevention - PICCTURE

As part of the translation prospects of DIAPREPRdifigs and other findings in the scientific
community, DIAPREPP developed a web site whereliyrimation regarding the establishment of
investigator based type 1 diabetes related clinigals in Europe would be available. Partner 4
(Lernmark, ULUND) had extensive experience in catitrials and performed this task.

The PICCTURE (Prevention Implementation Coordirgti@entre for T1D United Research in
Europe) platform has been initiated and it is aldéd for access through direct link from
http://www.diaprepp.eu  to  Lund University  DiabetesCentre  (LUDC)  website
http://www.ludc.med.lu.se/research-units/diabetad-eeliac-disease (Figure 22).

The PICCTURE platform was designed to contain Fix&n disciplines:

= T1D Trial Clearinghouse
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The PICCTURE clearinghouse provides an updatediresmn all registered primary, secondary and
tertiary prevention and intervention clinical tdatn T1D. These trials have been listed according t
prevention level and whether they were completedwrently ongoing. Each trail identified by
specific Trial Identifier that provides a direchhi to the trial page on the clinical trials website
(http://www.clinicaltrials.gov/ct2/search). Tablegsrovide summary information for nearly all
preventive trials in T1D and will be updated regiyiaThese tables will provide a handy resource to
fully follow completed and ongoing prevention antervention clinical trials on T1D.

= DIAPREPP Trial Guide

The DIAPREPP guide provides protocol templatesi@vention and intervention trials. These
templates will be available as downloadable fikes the Lund University Diabetes Centre website
http://www.ludc.med.lu.se/research- units/diabetmsd-celiac-disease. The guide will also contain
information and guidance on designing and impleimg prevention trials.

= Ethics Approval Applications

This discipline provides detailed information orethequirement to submit an ethical approval
proposal. It also provides guidance on the EU s and requirements for ethical approval of
clinical trials. Direct links and ethical applicat forms will be accessible from member countries.

= Drug Agency Applications

This discipline will be available for drug agencieghich are willing to participate or initiate a

prevention trial on T1D. Applications will be awaile for each member country in DIAPREPP and
specific forms for the DIAPREPP PICCTURE platformalt application are also available for direct
downloading. Through this service DIAPREPP will atinate and cooperate with drug agencies
based on regulation and guidance from DIAPREPH Gigde.

= DIAPREPP Screening and Recruitment Services

This discipline provides detailed information comgeg screening programs implemented in
participating centres, screening facilities in diddi to recruitment criteria.
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Potential Impact:

Type 1 diabetes incidence is increasing dramagi¢allyoung children within Europe. It is a lifelong
disease with increased morbidity, substantiallyelesed life quality, and important economic burden
to countries. Unlike type 2 diabetes where lifesipterventions could reduce disease incidencee the
is at the moment no known way to prevent type betis. Thus, understanding the reasons for the
increase in incidence, finding early markers ofedse, and identifying pathways that could be
targeted to reduce type 1 diabetes incidence apmriant objectives to reduce socio-economic
burden of disease. DIAPREPP's potential impadiésée objectives are discussed below.

DIAPREPP Contributions to Impacts listed in the original work programme.

1. Contribution to: 'Translational research for better understanding of the pathophysiological
processes in the development of type 1 diabetes lwémphasis on early events'.

DIAPREPP has focussed its research project alnmisely on the earliest events in the pathogenesis
of T1D. Its major activities were expected to elflate mechanisms of islet autoimmunity, and
markers and signatures of the first stages of mlgbimmunity. It has taken some bold steps and
innovative steps to do so. First, the three majddrs of 'from birth' followed cohorts in Europe
opened their doors to a collaborative effort inimief the early auto-immunization events. This \&as
mammoth showing of collaborative spirit amongséstists who have dedicated decades of their lives
to establishing their respective cohorts. The irhgsHcthis resource should be sufficient to make
Europe's leadership in this field long lasting.

DIAPREPP used the cohort to focus on the first sighautoimmunity and the events and changes
that occur prior to and around autoimmunity (sersewsion). It brought in a sophisticated state-of-
the-art high-end metabolomics platform to ensueg tlata of sufficient quality and quantity to match
the quality of the cohort was obtained during theigrt. This platform has generated exciting data.
Especially important have been the metabolomica danerated from the samples obtained at or
prior to seroconversion. They have shown clearedifices between children who developed
‘aggressive' islet autoimmunity (multiple islet @artibodies and progression to diabetes) as
compared to children who develop single islet antibadies or who do not seroconvert. These
differences are already observed at birth (corddjland therefore have important implications for
the pathogenesis of islet autoimmunity. Pathwayterg@lly involved in the very early processes of
susceptibility and activation of islet autoimmunitere identified. Some of these were corroborated
by analysis of data generated in animal modelss Fuludes the role of DHAPAT, an enzyme that is
involved in the synthesis of plasmalogens (foundb&PREPP investigators to be altered in pre-type
1 diabetes). DHAPAT deficiency led to more aggnessiisease in NOD mice, highly consistent with
the human data. Thus, this is an area that wikwdly pursued in the future with respect to better
understanding its role in pathogenesis and as gettasf prevention. The marked decrease in
methionine observed at seroconversion in childrea seroconvert in the first two years of life isal
interesting with respect to novel pathogenetic rmagms.

The timing of seroconversion identified in the Gamand Finnish cohorts is also highly informative
with respect to when environmental agents comeptay. Both cohorts found that the age from after
6 months to age 2 years is a high risk period émosonversion. Both also found that insulin is the
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earliest autoantibody target. The findings will decthe search for aetiological factors to this age
period. Moreover, the fact that seroconversion wa® prior to age 6 months has led to new
hypotheses that there is a period of protectiothénneonates where autoimmunity is unlikely. This
will lead to new investigations to understand thpseential protective mechanisms which could be
extended or copied for further protection during tisk period.

In view of the findings with respect to the 6 tg&ar high risk period, the potential role of virsise

the early pathogenesis was an important topic added was heavily investigated in DIAPREPP.
With respect to a viral aetiology of type 1 dialsetBIAPREPP had hoped to identify novel viruses
that could trigger islet autoimmunity. Instead, sihowed that relevant samples prior to islet
autoimmunity were relatively devoid of virus anatlthe viruses were usually common viruses found
in the general population. This is neverthelessveit since it should focus future attention on
studying such common viruses and examine the rblgirases after seroconversion ie in the
progression to diabetes. The latter aspect is itapbisince DIAPREPP did find clear evidence of
virus infection of beta cells in its unique isledsources suggesting that the ability of certain
enteroviruses to infect beta cells is pertinerattteast some islet autoantibody positive casesst
indirectly became highly relevant from other DIAPRE data which showed that 1. There is a large
increase in the rate of progression to diabetes aéiroconversion in the last 10 years as comgared
previously, potentially explaining the increasingidence of childhood diabetes, and 2. Genotypes of
the virus response gene IFIH1 strongly associatie thie rate of progression. These findings further
point to an important role of virus infection inopagating existing autoimmunity rather than/in
addition to triggering autoimmunity and therefopens new avenues for understanding pathogenesis
and implementing prevention strategies.

Perhaps the most novel and interesting finding wé$pect to virus was the effect of enterovirus
infection on the translation and processing of PTBfluenced secretory granule proteins. While the
original hypothesis that infection may highjacknseription/translation of the proteins was notyfull
verified, a marked effect on processing and thentityaof mature protein was. The implications are
extremely interesting and support a concept whexréfus infection leads to marked redirection of
granule proteins to the autophagosome which wousdndtically increase their immunogenicity,
especially within the environment of the other desobserved in infected cells. The latter was also
a subject of intense investigation within DIAPREPRull profiles of islet cell changes upon
enterovirus infection were produced, identifyingteeaial novel markers of virus infection and
response pathways that are likely to have a ropathogenesis. Moreover, key molecules involved in
the infectivity of beta cells by enterovirus wedentified.

New findings with respect to progression came freome mathematical modelling of the islet
autoantibody changes over time and the relationghifype 1 diabetes susceptibility genes. Most
striking were observations that children who pregreapidly are rich in type 1 diabetes susceptybili
alleles whereas children who do not progress amdideof these alleles. It appeared to be a
cumulative effect of susceptible allele number. Tihdings are important because they dissociate the
risk for seroconversion (mainly conferred by HLAddDy INS genotypes) and the rate of progression
after seroconversion (conferred by mostly the othesceptibility genes). Thus the findings should
focus mechanisms involving these genes to the aateghase of preclinical disease. Related to these
were mechanistic studies that showed the potefdialthe IL-7/IL-7 receptor pathway in the
activation and expansion of autoreactive T cells.

Finally, there are numerous new technologies d@egldhat will help track autoimmunity in future
studies and will help our understanding of the yepdthogenesis in the future. New methods for
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looking at autoreactive T cells at the single deltel were developed and although not used
extensively in the pre-type 1 diabetes cohortsiwithe DIAPREPP project period, will now be used
on these cohorts to understand when autoreactieell$ are activated and their phenotype when
activated with the help of other third party furglinPreliminary data suggest it can be prior to
seroconversion. The human monoclonal autoantibedgurce from the single B cell studies will
likely identify new potential autoantigens and fréihe pathogenetic mechanism side, have provided
reagents that are already used to study the effexitibodies on autoreactive T cells.

2. Contribution to: 'Research should improve earlydiagnosis'.

The foreground that DIAPREPP produced with respetie early auto-immunization events provide
a relevant impact on the number of tools and asseyswill become available for the measurement of
phenomena associated with early pre-type 1 diab&lesady implemented is a commercial kit for
the measurement of ZnT8 autoantibodies by one ®f3KIE partners of DIAPREPP. This was a
major aim of the project realized within the prajperiod. ZnT8 autoantibodies were demonstrated
within DIAPREPP to be highly relevant markers déisautoimmunity complementing the existing
GAD, insulin and IA-2 autoantibodies. Measuremeotsthese autoantibodies (including the kit
developed in DIAPREPP) were also put to the tesDIAPREPP investigators in the international
Diabetes Autoantibodies Standardization Programsaiogivn to be ready for clinical application. As a
result, ZnT8 autoantibodies are now incorporatéd liarge international studies (TEDDY, TrialNet).
ZnT8 was also shown to be a target of CD8+ T caelld disease relevant epitopes (peptides)
identified. This will increase the ability to idéwytpathogenetic T cells in the pre-diabetic phakthe
disease.

There is clear potential for improved early diagaas the metabolomic findings of DIAPREPP. In
particular, the profiles observed at birth have gb&ential to be developed into selection critéoia
stratifying highest risk genetically susceptibléldfen to include into research studies or intetien
trials. Work will be needed to determine the actaiaility to stratify risk. An excellent opportunity
arises via the TEDDY study in which a number of BREPP investigators take part and where
metabolomics measurements will be performed. Itieen proposed by the DIAPREPP investigators
that the birth profiles found in DIAPREPP be testeéarly samples from TEDDY for reproducibility
in multiple regions and as a means of risk staifon. The metabolomic profiling analysis of the
longitudinal data from DIAPREPP is still ongoingjtipromises to provide early markers associated
with disease progression after islet autoimmunigg lmccurred and should therefore increase the
likelihood of early diagnosis. The data on gengtiofiles are also relevant to early identification
since they were very effective in identifying iskttoantibody positive children with fast versusasl
progression to diabetes. Further work will be domerder to define a smaller panel of genes and
genotypes. Moreover, data from both Germany andakéhis being analysed together to provide
stratification for both relatives and general papioh islet autoantibody positive children.

Markers will be derived from the unique single cBlland T cell studies. With around 1000
monoclonal human IgG antibodies from pancreaticdgmode B ymphocytes of patients with type 1
diabetes, DIAPREPP has produced a new resourcghéridentification of islet autoimmunity
biomarkers. It is expected that from this resowrbéch has only been partially analyzed, and hardly
at all for novel autoantibodies, a number of ardibe against pancreas proteins will be recovered.
These become candidates for new markers and wilabdated in the future. The monoclonal islet
autoantibodies become tools for epitope recognitiod for developing assays that can be used to
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identify spreading of the autoimmune response,aaagteristic associated with disease progression.
The T cell receptor technology on single autoreacti cells will eventually identify new antigenic
peptides of autoantigens (in addition to thoseaalyefound for ZnT8 within DIAPREPP) which can
be used to measure autoreactive T cell responsgisk individuals. The technology has also shown
the potential for identifying autoreactive T cedls the molecular level and is expected to lead to
molecular quantitative PCR based assays which bllevaluated for autoreactive T cell tracking
within individuals and which may provide future grmstic tests in pre-type 1 diabetes.

DIAPREPP has also produced reagents such as pufifieinsulin and ZnT8-luciferase fusion
proteins which are available for autoantibody assayelopment. Indeed, the Proinsulin has already
been sent to other centers who are developing B@nver) or commercial (RSR) assays for insulin
autoantibodies. There are also new assays for merasat of autoantibody affinity eg IA-2 affinity,
and DIAPREPP was involved in the international hamimation of GAD and IA-2 autoantibodies
which included preparing world reference standafds these measurements. This level of
standardization will improve early diagnosis ancruément into prevention trials.

3. Contribution to: 'Research should lead to approahes for tackling prevention of type 1
diabetes'.

The foreground produced by DIAPREPP in understandiechanisms of islet autoimmunity and in
developing assays to identify and track autoimmumtring pre-T1D will provide both new
possibilities in preventing T1D, particularly at aarly stage of autoimmunity, and new ways to
monitor progression during intervention. DIAPREPR dot test new therapies, but identified
potential pathways that can be targeted with therfap prevention. The pathways include IL-7
whereby down-regulation is expected to reduce typdiabetes risk. Indeed, partner 1 (TUD) is
developing antagonist IL-7 mutants that may haeeapeutic value in this context. DHAPAT is also
an obvious candidate pathway for therapeutics éwwif its repeated identification in metabolomic
screens and in the NOD mouse DHAPAT deficiency isgidTherapeutics that increase DHAPAT
activity are expected to reduce type 1 diabetds Asti-viral or anti-inflammatory therapies appear
as an interesting possibility for prevention iretshutoantibody positive children in view of theala
emerging with respect to IFIH1 genotypes and pregjom to type 1 diabetes. If the proposed
mechanism regarding protection via dampening celltdsponses to viral infection are true then our
data would support the use of mimicking this afieroconversion, especially in children with IFIH1
susceptible genotypes.

The impact of DIAPREPP will also be on mechanisissays for drug discovery and for use as an
early indicator of therapy efficacy. For examplee imetabolomic ‘abnormalities' observed might be
used to screen potential drugs using cell basexysasghere the defect is expressed, and measurement
of metabolome after treatment may be used to datermvhether the treatment has corrected the
defect. The novel assays for T cells will becomleiatale tools for measuring efficacy of prevention
trials. We see that an ability to monitor at thenal cell level circulating autoreactive CD4+ and
CD8+ autoreactive T cells will greatly improve aommediate measures of intervention effectiveness.
These measurements will also provide an abilitydétermine immune vs disease effect and can
further be applied to mechanistic studies aimedletifying responders versus non-responders to
intervention.
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Finally, DIAPREPP has provided a T1D early prevemtplatform for Europe. This was considered
an important undertaking in view of the difficuliypd getting through the very many regulatory issues
of clinical trials in Europe. It was not specifigameant to aid translation of DIAPREPP finding&in
trials, but designed to aid European investigahmd pharmaceutical companies in trial planning and
processing of all the material required as welprawvide contacts and information on existing trifls

is hoped that this web-based information site béllutilized by EU investigators in the future.

Impact beyond diabetes

Type 1 diabetes is an autoimmune disease and ther&lAPREPP findings with respect to
pathogenesis and novel technologies that are mdidoa type 1 diabetes become relevant for other
autoimmune diseases. Moreover, some are also rglée@ammune response per se which include
infectious immunity and vaccination. For examplssays and technologies that were developed to
obtain antigen specific human monoclonal autoadigsor the T cell receptor of antigen specific T
cells can have broad applications to these othinge by enabling better understanding of antigeni
targets, monitoring responses to antigen and vac@wamining responses to new variants, and
developing and testing new vaccines. DIAPREPP I @rovided new standards with respect to
metabolomic analyses, assessing reproducibiligy,efffiects of sample storage, and developing new
analytical tools; and autoantibody measurements meiv levels of international standardization.

Dissemination

Dissemination of new knowledge within the scientfbommunity is an intrinsic interest of research,
and aims at strengthening and reinforcing the Eemopresearch activities by multiplication and
initiation of networking and collaborations beyoating consortium. Dissemination of results and new
knowledge obtained in DIAPREPP is of high prioritgmphasized by the dedication of a
workpackage to dissemination issues. The areas$eduon by DIAPREPP were publication and
public information, management of intellectual pedy, and commercial products.

Publication remains the main measure of produgtiaitthe scientific level and the widest reaching
means of scientific communication. At the time ofmnpleting the report, DIAPREPP includes 40
published or in press original articles and a ferth5 reviews, commentaries or chapters. Of tike,
are directly related to DIAPREPP deliverables/otifes, and the remainder have used DIAPREPP
findings or resources to obtain their findings whiadirectly contribute DIAPREPP objectives. A
number of other manuscripts have been submittedoddnlication. Highlight publications include
Oresic et al, Dysregulation of lipid and amino acigttabolism precedes islet autoimmunity in
children who later progress to type 1 diabetesxd Hed, 2008, and Pflueger et al, Age- and Islet
Autoimmunity-Associated Differences in Amino AciddLipid Metabolites in Children at Risk for
Type 1 Diabetes, Diabetes 2011 (together with atorapanying commentary) in the area of
metabolomics; Winkler et al, An interferon-indudeelicase (IFIH1) gene polymorphism associates
with different rates of progression from autoimmnturio type 1 diabetes, Diabetes 2011; and Ziegler
et al, Accelerated progression from islet autoimityuto diabetes is causing the escalating incidence
of type 1 diabetes in young children, J Autoimmyni2011 in the area of pathogenesis; and
Lampasona et al, Diabetes Antibody StandardizéRi@yram: First Proficiency Evaluation of Assays
for Autoantibodies to Zinc Transporter 8, Clin Ch2611 in the area of biomarkers. As expected in a
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relatively short project period (41 months), malRIAPREPP findings are still unpublished. Some
have been submitted to high impact journals, andymaae in preparation.

Presentations at scientific meetings. Data gereiayeDIAPREPP have been presented at numerous
international and national scientific meetings & @resentations or posters. Moreover, the senior
investigators from the partner institutes have hagherous opportunities through invited lectures to
present DIAPREPP data and show EU FP7 supporthi®mork. In total, DIAPREPP has been
represented by DIAPREPP members in 87 presentaffexcsluding the restricted DIAPREPP
meetings) during the project period. A highly relet/aspect of what has changed in the presentations
is that while previously the individual DIAPREPRastigators usually spoke about their own studies
alone, the DIAPREPP interaction has made the thessstigators distinctly more aware of their
competitors as providing comparative and compleargniata, allowing them to hughlight also the
findings or their DIAPREPP collaborators. DIAPRE&Bo organized one open scientific symposium
at the occasion of the 2010 European AssociatiothinStudy of Diabetes meeting and co-sponsored
another symposium at this meeting. Since a numlieDIAPREPP scientists are members of
prominent international bodies, networks, and ssidrelevant DIAPREPP findings have also been
discussed at strategic planning meetings for fustweies and policies. For example, partners 4, 5,
and 13 are the European members of the Steeringittee of the international TEDDY study which
examines environmental triggers of type 1 diabeted,together have enrolled over 60% of the study
cohort. They have major input into the studies andlyses performed in TEDDY and have used
DIAPREPP findings to guide this. Similarly, partrieco-chairs the islet autoantibody harmonization
committee and has been able to introduce methodsttem ZnT8 autoantibodies to international
studies.

Considered important with respect to disseminatias been the training of younger scientists for the
future. DIAPREPP has trained numerous PhD studemdsyoung post-doctoral’scientists, sometimes
giving them the opportunity to give their firrt eatific presentation. DIAPREPP has included a
number of scientific meetings amongst the invesigaalways encouraging participation of the
younger scientists, and has had 5 training worksHop scientific methodology and application.
Thus, DIAPREPP has hopefully made an importantrdmstion to the training of future leaders in
type 1 diabetes research.

The website has also been an important mediumdimmnaunication. All published material which is
from the DIAPREPP project is listed on the websiiarrently there are 55 publications listed. In
addition, the website links to all the websitegha# partners allowing the public access to addition
diabetes research that is ongoing in the partratitutes, as well as to organizations relevanype tL
diabetes. Meetings relevant to DIAPREPP, includimigrnal or DIAPREPP sponsored meetings or
events are also posted. The website will be keph@md updated by the coordinator institute unél t
scientific publications of DIAPREPP findings aremgaleted.

Non-scientific publications have been an impor&sgect of communication to the public. There have
been official lay and business journal articles asl@évision presentations which are dedicated to
DIAPREPP or in which DIAPREPP has been discussedrebVer, DIAPREPP investigators
frequently speak to patients with type 1 diabetas to representatives of patient groups, and even
government officials about type 1 diabetes andefioee continuously update the public at these kevel
regarding relevant DIAPREPP findings. A prime extnpas the recent presentation by partner 5
(Ziegler) at the 2011 World Health Summit of thepawt of global change on diabetes in which she
was able to include relevant DIAPREPP findings.
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With respect to commercialization, the intellectpebperty related to measuring ZnT8 antibodies in
diabetes mellitus is covered by the following p&ten

1. European patent no EP1563071 B1 "Proteine speeifits cellules pancreatiques beta des
llots de Langerhans et ses applications” and U8nPaib 7,851,164 B2 "Protein specific to
pancreatic beta cells in Islets of Langerhans apdi@ations thereof” and related patents in
other countries (Mellitech).

2. Patent application PCT/US2007/089125 "Diagnostid tirerapeutic target for autoimmune
diseases and uses thereof" (University of Colorado)

RSR Ltd (DIAPREPP Partner ) has exclusive LicenggeAments to thesepatents. The ZnT8Ab
ELISA kit was been developed by RSR Ltd and assesse the Diabetes Autoantibody
Standardization Program 2010 where it scored 9986ifspty with 68% sensitivity, comparing well
with in-house 35S-based assays. ZnT8ADb ELISA kigsufiactured by RSR Ltd are now available
with sales in the USA, Japan, Europe and othertcesrproceeding. The market for ZnT8Ab ELISA
kits is estimated to be similar to that of the othwarkers of autoimmune diabetes GADAb and IA-
2ADb. The kit description can be found at:
http://www.rsrltd.com/pdf%20ifu/ZnT8%20Ab%20ELISAlp

In addition, a patent application is pending fae tachnology developed by Partner 1 in regardsdo t
identification of antigen-specific T cell receptausd their peptide epitopes.
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List of Websites:

Updates of DIAPREPP can be found at http://www.dégp.eu.
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