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Abstract

This study aimed to investigate the molecular meidmas of glucose stimulated insulin
secretion (GSIS), specifically the role of microRBNAMIRNAS) in this process.
TagMan low density miRNA arrays identified a paaellO miRNAs down-regulated in
glucose non-responsive compared to glucose resmorngiING6 cells. Functional
investigations involving knockdown of mir-200a, miB0a and mir-410 in MING cells
exhibiting GSIS resulted in reduced GSIS. This sstgd that these three miRNAs
functioned in supporting the capability of MING Ilseto secrete insulin in response to
stimulatory glucose levels i.e. they are “pro-GSI8IRNAs, presumably down-
regulating “anti-GSIS” mRNAs/protein. Over-expressistudies of mir-410 supported

the idea that it may enhance levels of GSIS.

However, the MIN6 system was somewhat unpredictdiile advent of iPS technology
represented a possible route for generation of hymaacreatic beta cells for the study
of regulated insulin secretion. Attempts were maolegenerate iPS cells from the
MiaPaCa2 pancreatic adenocarcinoma cell-line, nohm@an epidermal keratinocytes,
and normal human limbal epithelial cells. Alterasoin cell morphology and marker
expression were observed, possibly representirttafyreprogrammed cells, but fully
reprogrammed iPS cells were not identified. Dirdati@ferentiation of an established
iPS cell line was performed in 2D and 3D culturathwimproved efficiency of
definitive endoderm formation in 3D cultures (apsten the differentiation route
towards beta cells).

In parallel, serum from diabetes patients was eRrachito identify new disease

biomarkers in a collaborative clinical study witlor@olly Hospital, Blanchardstown.

MiRNAs identified as being potentially involved {BSIS from the MIN6 study were

measured in serum from type 1 and type 2 diabet$erps. Proteomic and

metabolomic profiling were performed on type 1 @i@s samples. These studies
demonstrated the importance of stringent critena dontrol sample selection, as
evidenced by altered caffeine and lipid metabolisrmontrol samples in this study.



1.0 Introduction



1.1 Diabetes Mellitus

Diabetes Mellitus is a metabolic disorder, in whidsulin is either not secreted in
sufficient amounts or does not efficiently stimelatis target cells. Despite high blood
glucose levels cells starve due to impaired gluesgey into cells, as it is insulin which
stimulates movement of the GLUT4 glucose transp®rter translocation of glucose

into cells.

Currently, there are more than 346 million peoplerldwide affected by diabetes. In

2004, an estimated 3.4 million people died fromsamuences of high blood sugar, with
this figure estimated to double by 2030 (Organaaf2011). There are three main types
of diabetes mellitus, type 1 (also known as insdipendent diabetes mellitus), type 2

(known as non-insulin dependent diabetes melldnsl) gestational diabetes.

1.1.1 Type 1 diabetes

Type | diabetes (T1DM) accounts for approximatelp%l of diabetes cases
(Organization 2011). In T1DM, insulin is abseninearly so because the pancreas lacks
or has defective beta cells, which are respondinethe production of insulin and
regulation of blood glucose levels. This conditresults from an autoimmune response
that selectively destroys the pancreatic beta c@kkinson and Maclaren 1994).
Individuals with T1IDM require daily insulin injectns to survive. T1DM typically
brews for several years before being diagnosetheasnmune system slowly destroys
the beta cells of the pancreas. Only when grehtar 80% of beta cells are destroyed
do the symptoms of diabetes arise (Kloppel, Lohaletl985). TLDM develops in an

individual due to a combination of genetic pred&pon and environmental factors.

The normal endogenous insulin secretory profilesigia of a basal component along
with short-lived prandial surges of insulin seasti released in response to meals.
Daily insulin injections are unable to match thesdease profiles, due to the

pharmacokinetic properties of pharmaceutical imspleparations, leading to episodes
of hyper- and hypo-glycemia.



1.1.2 Type 2 diabetes

Type 2 diabetes accounts for approximately 90%atfetes cases (Organization 2011),
with 55% of patients also suffering clinical obgsitype 2 diabetes is characterised by
impaired beta cell function as well as insulin semnce. Insulin resistance is

characterised by reduced insulin-mediated gluc@sake in insulin target tissues such

as muscle, liver and adipose.

In an attempt to maintain euglycemia, the pancceaspensates by secreting increased
amounts of insulin. When insulin secretion can pnagker compensate for insulin
resistance then hyperglycemia develops. Hypergliweran cause impaired insulin
secretion as consistently high glucose levels dasea beta cells, leading to beta cell

dysfunction or failure (Hosokawa, Hosokawa et 8b@).

1.1.3 Gestational diabetes

Gestational diabetes is a condition in which wonwathout previously diagnosed

diabetes exhibit high blood glucose levels duringgpancy. Pregnancy related
hormones can block insulin from effectively sigimal its target tissues, thereby
resulting in symptoms similar to type 2 diabetestidhts with gestational diabetes tend
to have larger birth weight babies, which increades chances of delivery related
complications. Gestational diabetes is routinelyesged for in pregnancy by an oral
glucose tolerance test, with blood glucose levetisrning to normal soon after the birth
(U.S. Preventative Services Task Force recommesrdatatement 2008).

1.1.4 Secondary complications of diabetes

Patients with diabetes can develop a number ofnpiatly serious complications
including cardiovascular disease, retinopathy, ngpéthy and neuropathy (Nathan
1993). The possibility of developing these comgimas can be reduced by tight
glycaemic control (The Diabetes Control and Congtians Trial Research Group
1993), this is difficult to achieve with curreriatletes treatments, and risks episodes of

hypoglycaemia, which can be dangerous for the platReplacement of the damaged



insulin-producing beta cells is the only treatmdikiely to achieve a constant
normoglycemic state. Transplantation of the parscoggreparations of islet tissue have
been shown to achieve insulin-independence in fiypiabetes patients (Ricordi and
Strom 2004), but due to major problems in obtaindmgor tissue and in preventing
immune rejection of the graft, other cell sourcesthto be considered. Renewable beta

cell lines need to be established which secretdimi a glucose dependent manner.



1.2 The Pancreas

The pancreas plays a central role in nutrient egn and energy balance through two
distinct types of tissue, exocrine and endocririe @&xocrine function of the pancreas is
carried out by centroacinar and basophilic cellsnttacinar cells secrete bicarbonate
ions which neutralize stomach acid in the duoder{Ghack 1995), while basophilic
cells produce the digestive enzymes. Pancreatieguilrain into the pancreatic duct and
from there travel to the duodenum, their site diioac (figure 1.1). When partially
digested food from the stomach reaches the duoderluen pancreatic juices are
released via the pancreatic duct and mix with doelf The enzymes in this juice help
break down the fats and protein into smaller fragismevhich can be absorbed into the
body through the small intestine.

Pancreas :
Pancreatic

Bile duct

Duodenum

Figure 1.1 Location of pancreas within the body
(www.ncbi.nlm.nih.gov/pubmedhealth)



The cells with endocrine function of the pancre&sdustered in groups called islets of
Langerhans which are scattered around the panareamake up 1-2% of the total cell
mass. These islets are composed of four majortyyadis, alphad), beta ), delta §)
and PP cells (figure 1.2). Beta cells produce agatete insulin and amylin. Insulin
controls the level of glucose in the blood by regiulg glucose uptake in target tissues,
and amylin, also known as IAPP (islet amyloid pelgfide), is co-secreted with insulin,

and regulates glucose influx into the bloodstre®eyer, Maggs et al. 2001).

Alpha cells are responsible for producing and sexgehe peptide hormone glucagon.
Glucagon is a 29 amino acid polypeptide with a maler weight of 3485 Da.
Glucagon is released in response to hypoglycaemdianr(ing and Gerich 2007;
Gromada, Franklin et al. 2007) and elevates bloactoge levels by regulating
breakdown of glycogen to glucose in the liver. BEkexd blood glucagon levels are seen
in diabetes patients, contributing to diabetic hgpeaemia (Muller, Faloona et al.
1973). Additionally, diabetes patients exhibit dkoha-cell suppression in response to
hyperglycaemia (D'Alessio 2011).

Delta cells secrete somatostatin. There are twiweatdirms of somatostatin, ss-14 and
ss-28, reflecting their amino acid chain lengtho(iel and Schettini 2001). The ss-14
variant is produced in the pancreas and functisrenainhibitor of insulin and glucagon
release, and can also suppress exocrine pancraasiaes (Alberti, Christensen et al.
1973; Mortimer, Tunbridge et al. 1974; Gerich, Gésret al. 1976). Somatostatin
inhibition of insulin secretion is associated wéhreduction in cAMP generation and
hyperpolarization of the plasma membrane, leadmglécreased intercellular €a
concentration, and hence decreased exocytosisl€Bipel987; Nilsson, Arkhammar et
al. 1989). In addition to the pancreatic deltagzedlomatostatin is also produced in the

stomach, intestine, brain and central nervous Byste

PP cells secrete pancreatic polypeptide, a 36 arairid polypeptide. Pancreatic
polypeptide is secreted after ingestion of a meal @nctions to inhibit the exocrine
pancreas, as well as playing a role in appetitaiéhd Besterman et al. 1977). Altered
pancreatic polypeptide secretion has been obsenvadumber of disorders associated

with abnormal eating behaviour, such as Praderi\8fthdrome (Zipf, O'Dorisio et al.



1981), morbid obesity (Lieverse, Masclee et al.4)%hd anorexia nervosa (Alderdice,

Dinsmore et al. 1985; Fujimoto, Inui et al. 1997).

A fifth endocrine islet cell type, the cell, has recently been identified (Wierup,
Svensson et al. 2002; Prado, Pugh-Bernard et 84)2@vhich secretes the 28 amino
acid peptide hormone ghrelin (Kojima, Hosoda et 2001). Ghrelin functions to
increase secretion of growth hormone from the faityigland and also has a role in
stimulating appetite and promoting food intake @adojima et al. 2000; Ariyasu,
Takaya et al. 2001; Kojima, Hosoda et al. 2001).

o cells
(20 %)
- Glucagon
PP cells
(<2%) o cells
- Pancreatic (3-5%)
Polypeptide - Somatostatin
p cells
(75 %)
- Insulin
- Amylin

Figure 1.2 Schematic representation of islet of Langerhalisomposition.



1.2.1 Insulin

Beta cells were first identified as the sourcensiulin in 1938 (Richardson and Young
1938). Insulin is synthesized by beta cells asnglsichain precursor molecule called
preproinsulin, preproinsulin is discharged into thisternal space of the rough
endoplasmic reticulum, where the signal peptidelesived, leaving proinsulin (figure

1.3). Proinsulin is then transported to the Gofgpaatus by microvesicles (Orci 1984),
where it is packaged into secretory granules. Budiim consists of three domains, an
amino-terminal B chain, a carboxy-terminal A chand a connecting C-peptide chain.
Conversion of proinsulin to insulin begins in thelgl and continues within the

maturing secretory granule, where it is exposeddweral specific endopeptidases
(prohormone convertases 2 and 3, and carboxy @eatitH) (Hutton 1994). These
enzymes remove the C-peptide chain, liberating dleavage dipeptides, connected by
two disulphide bridges, finally yielding insulinigtire 1.3). These secretory granules
containing mature insulin remain within the cytgotauntil the cell is stimulated to

release.
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Figure 1.3 Processing of preproinsulin to insulin. Signalwsstce of preproinsulin in
cleaved, generating proinsulin. Disulphide bon@sfarmed between A and B chain, C
chain is cleaved generating mature insulin (wwvabeli.org).

10



1.2.2 Glucose Stimulated Insulin Secretion

Mature insulin granules are transported to the saiface via cytoskeleton filaments.
On reaching the plasma membrane, the insulin geanldecome docked in the
membrane (Bratanova-Tochkova, Cheng et al. 200®fs€bn, Gopel et al. 2002;

Straub and Sharp 2002), and are considered to bifaerent states of readiness for
secretion. They may be primed and capable of balegsed, termed the ‘immediately
releasable’ (IR) pool, or they may be un-primed sro@dpable of being released, termed
the ‘readily releasable’ (RR) pool (Barg, Ma et 2001; Barg, Eliasson et al. 2002;
Bratanova-Tochkova, Cheng et al. 2002; Straub dad52002).

When beta cells are exposed to an increase in gguconcentration, insulin is released
in a biphasic response. The first phase consisasrapid burst of release which reaches
its maximum four minutes after stimulation followkd a low secretion rate, the second
phase shows an increasing rate of secretion t@tegul at thirty minutes (Cerasi and
Luft 1963). The first phase is due to the reledsgranules from the IR pool, while the

second phase is due to the release of granulehdatto be prepared for immediate

releasei.e. converted from the RR pool to the IR pool.

Glucose is the major stimulator of insulin secnetio mammalian beta cells. Beta cells
have an active glucose transporter — GLUTZ2, whieniains the intracellular glucose
concentration at the same level as the plasma éhspSarkar et al. 1988). The rate of
insulin secretion is dependent on the rate of glaametabolism; the rate-limiting step
being its phosphorylation to glucose-6-phosphataichvis catalyzed by glucokinase.

Glucokinase acts a glucose sensor in insulin gagreells (Matschinsky 1990).

Following phosphorylation, glucose-6-phosphate i®taholised within the cell
generating ATP via glycolysis. The change in ATPFARatio stimulates the ATP
sensitive K-channel (kp) to close, preventing potassium ions from leaving cell.
Due to the action of the Kons trapped within the cell, the plasma membizeemes
depolarized, which in turn opens voltage-gatedigaicchannels allowing an influx of
c&* (figure 1.4). This increase in €aresults in a spike in exocytosis of insulin

granules (the first phase) in a concentration dégenhmanner (Grodsky 1972; Grodsky
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1972; Nesher and Cerasi 2002). At the low searetiage between the first and second
phases, the IR pool is depleted (Olofsson, Gopel.e2002) and must be resupplied.
Granules from the RR pool are primed for conversothe IR pool before they can be
released by exocytosis, leading to the second pbashe response. The rate of
exocytosis during the second phase increases ioveruntil it plateaus out at a higher

level.

The overall rate of insulin secretion is controlleg the concentration of glucose to
which the beta cell is exposed, the interactiorgloicose with glucokinase and the

physiological state of the beta cell (MatschinsRpa).

The capillaries which serve the insulin producimgabcells are permeable to peptides;
therefore, after exocytosis from beta cells, imsulolecules can readily enter the
bloodstream for transport to target cells elsewheanly in liver, muscle, and adipose

tissue.
Insulin signals these tissues that blood gluco$égiser than necessary, as a result, cells

take up excess glucose from the blood and convetd ithe storage compounds

glycogen and triacylglycerol.
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Figure 1.4 Regulated insulin secretionRising blood glucose levels trigger insulin
secretion from beta cells. Starting with the uptakglucose by the GLUT?2 transporter,
the glycolytic phosphorylation of glucose causesa in the ATP:ADP ratio. This rise

inactivates the potassium channels that depoléinsenembrane, causing the calcium
channel to open up allowing calcium ions to floward. The ensuing rise in levels of
intracellular calcium leads to the exocytotic rekeaof insulin from their storage

granules (Rani 2008).
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1.2.3 Cell models for studying GSIS

Due to the limited availability and restricted cuwé potential of primary pancreatic
tissue for the study of the molecular mechanism&$IS, much work has been put into
the development of pancreatic beta cell lines. Maritransformation approaches have
been employed to overcome the replicative senesceassociated with primary
pancreatic beta cells in attempts to generate intaleed pancreatic beta cell lines
(Gazdar, Chick et al. 1980; Santerre, Cook et &B11 Newgard 1994). These
experiments have proven difficult as the differat&td phenotype and the proliferative
phenotype are mutually exclusive cell processesnyMaf the cell lines generated
exhibit some degree of de-differentiation and lossreduction of mature beta cell

function.

A number of pancreatic beta cell lines have bearegged, such as MIN, which
produce significant amounts of insulin, up to ohed of that found in normal beta
cells, and also maintain a normal glucose respaviigin the physiological range
(Asfari, Janjic et al. 1992; Ishihara, Asano etl&l93; Radvanyi, Christgau et al. 1993;
de la Tour, Halvorsen et al. 2001). MING cells Hre most widely used of these cell
lines, as the mature differentiated phenotype e$ehcells is thought to be most stable
compared to other cell lines available. Howeverthwincreasing time in culture
hormone secretion, and the glucose responsiveneai these cell lines is reduced
(Skelin, Rupnik et al. 2010). Previous studies um lab on the MING6 cell line indicate
that loss of GSIS associated with increasing timeulture is not due to a decrease in
insulin production (O'Driscoll, Gammell et al. 200#ut is more likely caused by de-
differentiation coupled to an altered capacityladge cells to successfully fold, modify
and secrete proteins and to respond to problemsciagsd with oxidative stress
(Dowling, O'Driscoll et al. 2006; O'Driscoll, Gamihet al. 2006).

MING cells which have been maintained in culturedn extended period, and exhibit a
reduced GSIS phenotype may represent a potentidelnfor the study of beta cell
dysfunction associated with type 2 diabetes, aa beli dysfunction in these patients
has also been suggested to occur through a deetiffation mechanism (Prentki and
Nolan 2006).
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1.3 Pancreas Development

Much of what we already know about pancreatic dgwelent is based on experiments
with nonhuman organisms (McKnight, Wang et al. 2088 limited biological material
exists for experiments with human development. Kiedge of human pancreas
development can be utilised for generation of regri@ent cells for type 1 diabetés.
vitro methods attempt to recapitulate the sequence ddgamous signalling pathways
that first create progeny cells resembling defieitendoderm, then primitive gut tube
epithelium, foregut pancreatic progenitors, islebgenitors and in the final step

hormone positive progeny producing insulin positeds.

1.3.1 Specification of Pancreatic Fate

Gastrulation occurs at embryonic day 6.5 (E6.5th@ mouse. During gastrulation,
embryonic reorganisation occurs to form three gkayers, endoderm, mesoderm and
ectoderm, with endoderm and mesoderm arising fromcoaxmon cluster of
mesendoderm. Wnt signalling is required for privgti streak formation and
differentiation of mesendoderm cells (Liu, Wakampfaal. 1999). Subsequent nodal
signalling determines mesoderm or endoderm fatene$endoderm cells, with high
nodal levels leading to endoderm and low leveldifgato mesoderm (Conlon, Lyons
et al. 1994; Brennan, Lu et al. 2001; Vincent, Dehal. 2003).

At E7.5, gastrulation is complete, definitive endod cells roll up to form the gut tube.
The dorsal endoderm is adjacent to the notochoddtla® ventral pancreatic endoderm

is adjacent to the hepatic diverticulum and thelicgenic mesoderm (figure 1.5).

By E9.5 the first sign of pancreatic buds appearthe dorsal and ventral side of the
primitive gut tube (Edlund 2002). The dorsal me$sgmee condenses and through
signalling from the adjacent mesoderm, the endodegion evaginates to form the
dorsal bud (figure 1.6) (Munger 1958; Kallman aneléztein 1964; Pictet, Clark et al.
1972). As the stomach and duodenum rotate, thealdmid comes into contact with

the dorsal bud and they fuse at approximately E13.0. The ventral bud goes on to
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form the posterior part of the head of the pancredsle the dorsal bud forms the

remainder of the organ.

dorsal

a\,é'a‘
(v}
)
;e?m

ventral

Pancreatic fate:
Pdx1/ Ptf1a

Extraembryonic

Embryonic endoderm

endoderm

Figure 1.5 Endodermal junction of an E8.5 mouse embryo (Bamal Herrera 2008).
Dorsal endoderm develops towards the pancreate ifatresponse to mesodermal
factors (secreted from the notochord and aortaepurple). Dorsal endoderm is
characterised by co-expression Bfixl (yellow) and Ptfla (blue). Ventrally the
cardiomesoderm defines the presumptive liver (nedhe ventral endoderm. Adjacent
to it, at the leading edge of the embryonic endwdéne ventral pancreatic primordium,
which only expresse®dx-1, is specified by unknown mechanisms. n-notochard,

aortae.
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Figure 1.6 Development of dorsal pancreas in rodents. (A) €lmoximity of dorsal
aspect of gut endoderm and notochord at E8. (B)tWhedorsal aortae fuse, separating
the gut endoderm from the notochord, E8.75-9.0. T8¢ mesenchyme proliferates
separating the dorsal endoderm from the dorsahad®.0-9.5 (Slack 1995).

1.3.1.1 Hedgehog signalling
Sonic HedgehogShh) is expressed in regions of the gut endoderm exabpte the

dorsal and ventral buds form and almost definesbibendary where the pancreas
develops. Shh inhibition using cyclopamine can l@adctopic pancreatic development
in the stomach and intestine (Kim and Melton 19@8)ibition of Shh expression in the
dorsal bud is mediated by notochord signallingfaF2 and Activin (Hebrok, Kim et
al. 1998). Inhibition in the ventral bud is medatey release of factors from the cardiac
mesoderm, the factors released from the cardiaodees are less well known (Kim,
Hebrok et al. 1997). Inhibition of Shh allows exgs®n of the transcription factor
pancreatic and duodenal homeoboxPHx1), which is a marker of pancreatic and
duodenal progenitor cells. This initial inductiom dx1 expression is triggered by
hepatocyte nuclear factor 6 (Hnf6) transcriptioctda. Hb9 and Isl1 are also required in

the dorsal bud for pdx1 expression, while HexZeauired in the ventral bud.

1.3.1.2 Influence of notochord, aorta and mesenchyan
The notochord is in contact with the dorsal prepaaic endoderm up until ES,

removal of notochord from early chick embryos praed correct dorsal pancreas
formation (Kim, Hebrok et al. 1997), possibly thgbulack of activin and FGF2

signalling. At E8.75-9.0 the two dorsal aortae fuseparating the notochord from the
pancreatic endoderm. The aortic endothelium isliadin the induction of pancreatic
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differentiation from the early endoderm. Removaltlod aorta inXenopus endoderm

prevents pancreas development, however co-cultitheother endothelial cells allowed
correct pancreas development (Lammert, Cleaver.e2(®1). It is unknown what
signalling molecules contribute to aortic endotlli promotion of pancreas

development.

At E9.0-9.5 the mesenchyme proliferates separdtieg dorsal endoderm from the
dorsal aortae (figure 1.3). Dorsal mesenchymeggponse to signals from the aorta,
secretes FGF10, which promotes dorsal pancreaslopevent. FGF10 promotes
accumulation of Pdx1+ pancreatic progenitor celist at the expense of cellular
differentiation (Elghazi, Cras-Meneur et al. 200R)sruption of FGF signalling can

lead to under-development of the pancreas, whikr-expression oFGF10 leads to

excessive accumulation of pancreatic progenitols cehd formation of over-sized
pancreas (Jacquemin, Yoshitomi et al. 2006). Fudiféerentiation of these expanded
progenitor cells into endocrine or exocrine cellaynmbe also modulated by FGF

signalling.

Mesenchyme is critical for acinar development. @onbf pancreatic epithelial cells to
mesenchyme leads exclusively to acinar differeotiatwhile absence of direct contact
of mesenchyme with pancreatic epithelium leads uskebly to endocrine
differentiation (mainly beta cell differentiatio(l}i, Manna et al. 2004). FGF signalling
from pancreatic mesenchyme apparently favours ex@dtifferentiation. Exogenous
FGF enhances the presence of amylase positive odlite a pdx1-FGF4 transgenic
mouse, with FGF4 expressed in all early pancreatic epithelial ¢ehad ductal
degeneration of the pancreas with persistent aaid severe destruction of the
endocrine tissue (Dichmann, Yassin et al. 2006 addition, FGF10 and FGF7 lead to
enhanced proliferation of pancreatic epitheliumhwigduced endocrine differentiation
(Elghazi, Cras-Meneur et al. 2002; Hart, Papadapoet al. 2003; Norgaard, Jensen et
al. 2003). Mesenchyme suppression of endocrineeréifitiation due to contact of
mesenchyme with pancreatic epithelium may be mediaby enhanced notch
signalling-induced hairy enhancer of split (lhesl) expression and inhibition of
neurogenin 3rign3) expression (Duvillie, Attali et al. 2006).
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1.3.1.3 Activin
Activins are members of the T@GRamily of signalling molecules. They signal thréug

a large family of receptors to activate smads ahdrantracellular pathways to initiate

specific cell responses.

Activin A and B are present in endocrine cells lod tleveloping pancreas (Furukawa,
Eto et al. 1995; Maldonado, Kadison et al. 2000yl &mhance differentiation of
endocrine cells while suppressing differentiatidnerocrine/acinar cells. Addition of
activin to embryonic pancreas explant cultures bitbi branching morphogenesis
associated with ductal and acinar differentiatiBitos, Tuuri et al. 1995). Inhibition of
activin activity using follistatin (which is presem early pancreatic mesenchyme), was
sufficient to replace the pro-exocrine/anti-endoereffect of mesenchyme (Miralles,
Czernichow et al. 1998). Exogenous activin has laéssn shown to increase the number
of insulin-positive cells as well as insulin corten cultured human fetal pancreas
(Demeterco, Beattie et al. 2000). Activin may méglids effects on insulin positive
differentiation by reducing expression of pre-prmglgon and Arx (transcription factor
vital for a-cell differentiation) (Mamin and Philippe 2007y)ydaby inducing expression
of neurogenin3 (ngn3: a key determinant of panareatdocrine lineage selection)
(Zhang, Mashima et al. 2001).

1.3.1.4 Hepatocyte nuclear factor 6 (HNf6)
Hnf6 is a transcription factor, expressed at E&anly pre-pancreatic endoderm, it is

subsequently expressed in early pancreatic epithedit E9.0-10.0 (Rausa, Samadani et
al. 1997; Jacquemin, Lemaigre et al. 2003; Mae®nj,et al. 2003). Hnf6 is a key
determinant of pancreatic specification, and isnailucer ofpdx1 expression. Hnf6 null
mice exhibit reduced size of pancreas-specifiedéadn and are born with hypoplastic
pancreas (Jacquemin, Durviaux et al. 2000; Jacqueb@maigre et al. 2003). The
effects observed in Hnf6 null mice may be mediatedugh a lack of induction qifdx1
expression. Hnf6 is also an inducerm@gn3 expression. Hnf6 null mice also show a
reduction in ngn3 positive cells (Jacquemin, Duxiget al. 2000). Following Hnf6
inducedpdxl expression in pancreatic progenitdfsifé expression becomes limited to

ductal and acinar cells from E18.
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1.3.1.5 Pancreatic and duodenal growth factor 1 (Bd)
Pdx1 is first expressed at E8.5 in all epithelial cetis the developing pancreas

following induction by Hnf6, and represents thelieat marker of endocrine and
exocrine progenitorsPdx1 expression is suppressed in cells as they commnit t
endocrine (Jensen, Heller et al. 2000) or ducteddges (Jonsson, Ahlgren et al. 1995;
Gu, Dubauskaite et al. 2002). As endocrine cellgirbéo differentiate towards the
insulin positivep-cell lineage,pdxl expression reappears. Lgwixl expression also
persists in 20%-cells, acinar and ductal cells (Guz, Montminy &t E295; Wu,
Gannon et al. 1997).

Pdx1 null mice exhibit limited dorsal bud formatievith no ventral bud formation

(Ahlgren, Jonsson et al. 1996). The dorsal budainat a few insulin and glucagon
expressing cells, but without expansion of thedks ¢@hlgren, Jonsson et al. 1996),
indicating that pdx1 expression is not requireddarly budding of dorsal pancreas, or
for formation of early endocrine cells, but is rgqd in later steps of pancreas
development. Pdx1 null mutations in humans wer® associated with pancreas

agenesis (Stoffers, Zinkin et al. 1997).

The number of pdx1 positive progenitors formed et E8.5-12.5 is thought to
determine the size of the adult pancreas. The gioptix1 positive progenitors depends
on the proper commitment and proliferation of eaelydodermal cells into pdx1
positive cells. Disruption of Notch, FGF or WiZatenin signalling leads to a reduced
pool of pdx1 positive progenitors, and hence patardiypoplasia (Stanger, Tanaka et
al. 2007).

Pdx1 expression is required for growth and maturatibaanar cells (Holland, Hale et
al. 2002; Hale, Kagami et al. 2005), with inhibitiof pdx1 from E13.5-14.0 leading to
reduction of acinar cells, and the cells that wanesent were immature (Hale, Kagami
et al. 2005)Pdx1 expression is necessary for correct glucose reggllasulin synthesis
in B-cells (MacFarlane, Read et al. 1994; Marshak, rjoga al. 1996). Pdx1 inhibition
in B-cells leads t@-cell depletion and increased numberswafells, due to the loss of
normalp-cell inhibition ofa-cell development (Ahlgren, Jonsson et al. 1998trhann,
Vanselow et al. 2001; Thomas, Devon et al. 2001jadd, Hale et al. 2002; Gannon,
Ables et al. 2008).
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1.3.1.6 Pancreas specific transcription factor 1dP(TF1a)
PTF1a is first expressed at E9.5 in the cells of thedut endoderm which give rise to

ventral and dorsal pancreas, its induction in dgraacreas is mediated by pdx1, while
factors mediating its induction in ventral pancreas unknown (Krapp, Knofler et al.
1998; Burlison, Long et al. 2008RTF1la and pdxl are co-expressed in pancreatic
progenitor cells from E9.5 to E12.5. Expanding fileéd of pdxl/PTF1la co-expressing
cells in Xenopus foregut leads to oversized pancreas, suggestaigptixl/PTF1a co-
expression induced formation of increased numbdrpamcreatic progenitor cells
(Afelik, Chen et al. 2006). 100% acinar cells, 98u4ctal cells, 75% alpha cells, and
100% of non-alpha endocrine cells are derived fRIFR1a positive progenitor cells. By
E16 PTFla expression becomes restricted to acinar cellsh Waw expression
remaining in some early endocrine progenitor c@flawaguchi, Cooper et al. 2002;
Chiang and Melton 2003; Lin, Biankin et al. 2004c£hin, Mavropoulos et al. 2004;
Zhou, Law et al. 2007). In PTF1a null mutant mieegcrine pancreas is absent, while
endocrine cells locate within the spleen (Krappo#er et al. 1998; Lin, Biankin et al.
2004) and PTFla mutations in human led to panagasesis (Sellick, Barker et al.
2004), indicating a role for PTF1a in both endoeramd exocrine lineage development.
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1.3.2 Maintenance of uncommitted pancreatic progetors

Notch signalling and sox9 activity prevent committnef pancreatic progenitors into
endocrine or exocrine cells by promoting progengetf-renewal. TGBF and Prox1
mediate commitment to endocrine and exocrine fatkswving sufficient expansion of

progenitor cell pools.

1.3.2.1 Notch signalling
Notch is a cell membrane bound receptor. When bdwynabtch ligands such as jagged,

serrate, or delta-like molecules, progenitor calls maintained in an undifferentiated
state, allowing expansion of pdx1l positive progamsitup to E12.5. Notch signalling
stimulates up-regulation of hesl (a member of neighalling pathway), which in turn
leads to ngn3 suppression, maintaining the uneiffited state. Hes1 null mice exhibit
severe pancreas hypoplasia due to inappropriatendoment of early precursor cells to
endocrine lineages (Jensen, Pedersen et al. 280@h may also be involved further
downstream in specification of endocrine cell types mutations in notch ligands such
as deltaA lead to increased numbefafells, and jagged 1B mutants have increased

cell population (Zecchin, Filippi et al. 2007).

1.3.2.2 Sox9
Sox9 is a transcription factor involved in the ntaimance of undifferentiated progenitor

cells, and is thought to mediate the transitioomfnpancreatic progenitor to endocrine
committed cells through ngn3Sox9 is expressed from E9.5 in pdxl positive
progenitors; following progenitor cell specificati®ox9 expression is restricted to
acinar cells and a small number of ductal cellsy(8=ir, Freude et al. 2007§0x9
displays a similar expression patterrhtd6 and possibly functions in conjunction with
hnf6, as conditional deletion of sox9 displayedikinphenotype to hnfé null mutants,
with formation of ductal structures and lack of eadne cells (Seymour, Freude et al.
2007). Sox9 can interact with the regulatory eletsi@ihnf6 andngn3 genes (hnf6 is
an inducer of ngn3 expression) (Lynn, Smith eR@D7; Seymour, Freude et al. 2007).
Hesl positive cells are likely precursors of nga3ifive cells, sox9 co-localises with

hesl indicating a possible role for sox9 in medatiransition of hesl positive/ngn3
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negative endocrine progenitors to hesl negativ&/ngusitive endocrine committed

cells (Seymour, Freude et al. 2007).
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1.3.3 Specification of endocrine progenitors

Pancreatic hormone expression is first detectethénfirst wave of endocrine cell
generation (E9.5 — E10.5); however, these earlynboe-expressing cells do not
contribute to the mature endocrine cell populatigiature pancreatic endocrine cells

arise from neurogenin 3 expressing progenitor ¢Blisal and Herrera 2008).

1.3.3.1 Neurogenin 3 (ngn3)
The transcription factoNgn3 is first expressed in early pancreatic endodergaa0,

peaking at E15.5, and decreases substantially ByoEApelqvist, Li et al. 1999). Ngn3
positive cells represent endocrine progenitor cellsich can give rise to cells
expressing the islet transcription factors neunokx6.1 and pax6 (Jensen, Heller et al.
2000). All pancreatic endocrine cells derive frogn8 positive cells (Gu, Dubauskaite
et al. 2002). Ngn3 expression is repressed by nsigmalling. Inactivation of notch
signalling leads to premature expression m@jn3 and endocrine development
(Apelqvist, Li et al. 1999)Ngn3 expression is also modulated by Hnf6 (Jacquemin,
Durviaux et al. 2000).
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1.3.3.2 Nkx transcription factors
Nkx are a family of homeodomain transcription fastoThree family members —

nkx2.2, nkx6.1 and nkx6.2 are involved in regulatiof endocrine pancreas

development.

Nkx2.2

Nkx2.2 is first expressed at E9.5 puxl co-expressing cells (Sussel, Kalamaras et al.
1998; Chiang and Melton 2003); by E1&x2.2 expression is restricted to ngn3
positive cells. Nkx2.2 null mice develop with fecells, 80% reduction ina-cells and
slight reduction in PP-cells, indicating that nkx4s required for commitment and
differentiation of endocrine precursorsdeells, p-cells and PP-cells, with expression
remaining in these mature cell types (Sussel, Katamet al. 1998). Nkx2.2 can bind
and activatenafA andinsulin gene expression (Cissell, Zhao et al. 2003; R&enish

et al. 2006), its effect on endocrine commitmerd differentiation may be mediated

though these factors.

Nkx6.1 and nkx6.2

Nkx6.1 andnkx6.2 expression become detectable in the pancreaticedipim by E10.5.
Pdx1 null mice have reduced nkx6.1 positive ceNbjle nkx6.2 positive cells are
unaffected, indicating that pdx1l acts upstream lof6ril, but not nkx6.2 (Pedersen,
Nelson et al. 2005). Nkx6.1 expression becomesictsd to B-cells by E15, and
expression continues in matugecells (Sander, Sussel et al. 2000). Nkx6.2 becomes
restricted tau- and acinar cells by E15, but is turned off by B1lfander, Sussel et al.
2000). Nkx6.1 plays an important rolefircell generation. Nkx6.1 null mice have 85%
reduction inf-cells due to inability of insulin-positive cells self-renew beyond E13
(Sander, Sussel et al. 2000; Henseleit, Nelsoh €085). There is some evidence that
nkx6.1 and nkx6.2 may exhibit functional comper@mativhen expression of one is
knocked down. Transgenic expression of nkx6.2 bk of rescuing the nkx6.1 null
phenotype when expressed in pdx1 positive cellsnbtingn3 positive cells, indicating
that nkx’s function upstream of ngn3 (Nelson, Stéraét al. 2007). Nkx6.2 null mice
develop normal pancreas, while nkx6.1 and nkx6.2bbo null mice have 65%

reduction ina-cells, suggesting that nkx6.1 compensates laakk6.2 expression in
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the nkx6.2 null mutant to allow correatcell development (Henseleit, Nelson et al.
2005).

1.3.3.3 Pax4 and Arx
Pax4 is first expressed in the pancreatic epitheliunomfr E9.5 (Sosa-Pineda,

Chowdhury et al. 1997; Brink, Chowdhury et al. 2)04ith expression peaking from
E13-E15 (Wang, Elghazi et al. 2004). Pax4 is a evadé endocrine progenitor cells
which give rise tar-, -, 6- and PP-cells (Greenwood, Li et al. 2007). As ende cells
maturepax4 expression diminishes (Smith, Ee et al. 1999) 4Rax| mice lackB- and
6- cells. Some early embryonic insulin-positive selere detected in these null
mutants, but fully maturp-cells did not develop, indicating that pax4 is reguired for
the initial formation off-cells, but for the proliferation and maturationtbése cells
(Sosa-Pineda, Chowdhury et al. 1997; Wang, Elgéal. 2004). In these null mutants,

the number ofi-cells was greatly increased (Heller, Jenny e2@05).

Arx is an enhancer af-cell differentiation, and is directly target forhibition by pax4.
Arx null mice develop na-cells, theo-cell precursors become directed towgtdsnd
o-cell lineages due tpax4 expression (Collombat, Mansouri et al. 2003; Gulat,
Hecksher-Sorensen et al. 2005). Over-expressianxdé also capable of redirectirfig
and d-cell precursors ta- and PP-cell lineages (Collombat, Hecksher-Sorereseal.
2007).
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1.3.4 Maintenance of islet cell identity

Pax6 expression is required for the proliferation andtumation of all endocrine cells,
while MafA, pdx1 and beta2/neuroD are requiredifsulin gene expression flrcells,

and Brn4 required for glucagon expression-icells.

1.3.4.1 Pax6
Pax6 is expressed in early embryonic pancreas from EBU@que, Plaza et al. 1994).

Pax6 expression is induced in endocrine committed oghéch also expresseuroD
andigll (Jensen, Heller et al. 2000). NeuroD in conjunciith E47 can inducpax6
expression (Marsich, Vetere et al. 2003). These6ppasitive cells then initiate
hormone expression possibly through pax6 binditgssn the promoter regions of the
preproglucagon insulin and somatostatin genes (Sander, Neubuseal.etl997).
Pax6/glucagon double positive cells are detectedE®y, and pax6/insulin double
positive cells are detected at E12.5 (Sander, Nsarbet al. 1997; St-Onge, Sosa-Pineda
et al. 1997; Heller, Stoffers et al. 2004). Paxti®lved in the expansion of endocrine
cell types; pax6 null mutants have 75-100% reductina-cells and 65% reduction in
B-cells (Sander, Neubuser et al. 1997; St-Onge,-Bosada et al. 1997).

1.3.4.2 MafA
MafA is expressed in matufecells; it binds to enhancer elements of the imsgkne,

in response to glucose and stimulates insulin gampeessionMafB is expressed in-
cells and stimulates glucagon expression. MafA dotgnstream to pax4 and pax6 to
maintain matureg-cell identity. MafA inactivation does not effediet early stages of
pancreas development, but leads to reduced expnessdifp-cell markers such as

insulinl, insulin2, pdx1, beta2/neuroD and glutBddg, Moriguchi et al. 2005).

1.3.4.3 NeuroD
NeuroD expression is first detected in pancreatic epithelfrom E9.5, and from E14.5

in ngn3 expressing cells, following birtheuroD expression is limited tp-cells. Ngn3

stimulatesneuroD expression by binding enhancer regions of the ai2ysromoter
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(Huang, Liu et al. 2000). Expressionr@uroD represents a transition from proliferative
ngn3 positive progenitor cells, to post-mitotic auitted cells (Jensen, Heller et al.
2000; Gu, Dubauskaite et al. 2002). NeuroD is imgdlin formation and maturation of
B-cells; it is an activator of insulin gene expressi NeuroD null mice still form
endocrine cells, but at reduced numbers, due te&sed apoptosis from E17 (Naya,
Huang et al. 1997).

1.3.4.4 Other factors required forp-cell identity
As mentioned above, pdx1 is also an activator sfilin gene expression (MacFarlane,

Read et al. 1994; Marshak, Totary et al. 1996).1Pidxrequired for expression of a
number off-cell markers, including glut2 and glucokinase (fePetersen et al. 1995).

Pdx1 expression is limited facells and 20%-cells from E19.

Conversely to its function in pancreatic endodepactication, hedgehog signalling is

required for maintenance of matupecell identity (Thomas, Rastalsky et al. 2000).
Hedgehog signalling activatggixl expression, which in turn activates insulin gene
expression (Thomas, Lee et al. 2001).

1.3.4.5 Specification of exocrine lineages
Acinar cells develop from the tips of ductal bragetirom E14.5; by E16.5 zymogen

granules are present for storage of digestive eezkuxl expression is required from
E13.5 for commitment and maturation of exocrindscé&dx1 is necessary for induction
of PTFla, which in turn stimulates expression of acinarc#pe genes such as
elastasel, chymotrypsinogen B andmylase2 (Cockell, Stevenson et al. 1989). Mistl
transcription factor is not required for early erine development, but is necessary at
later stages for correct organisation and maturatib acini, indicated by mistl null
mice (Pin, Rukstalis et al. 2001). Expression dtranscription factor is also critical of
maintenance of exocrine identity postnatal (Mislldamotte et al. 2006). Notch
signalling is required for exocrine commitment, lghiwntp-catenin and TGF

signalling are required for differentiation and arpion of exocrine committed cells.
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1.41n vitro differentiation of pancreatic cells

In vitro models for differentiation of human ES cells tonpaatic phenotypes are
mainly based on knowledge of mouse pancreas dawelop However, differences
exist between mouse and human pancreas developmsenh as duration of

embryogenesis, organ morphology and islet orgdarsat

Mouse embryonic stem cell lines (MES cells) weneetiped a number of years before
the establishment of the first human embryonic steth lines (Evans and Kaufman
1981; Martin 1981; Thomson, Itskovitz-Eldor et &B98), therefore initiain vitro
pancreatic differentiation protocols were desigried use with mES cells. Initial
attempts at differentiation of mES cells were basedspontaneous differentiation of
embryoid bodies (Shiroi, Yoshikawa et al. 2002) awer-expression of pancreas-
specific genes (Levinson-Dushnik and Benvenisty71®lyszczuk, Czyz et al. 2003;
Vincent, Treff et al. 2006). While some insulin fing cells were detected in these
initial studies, this limited success prompted tlse of more developmental-biology
based approaches, to mimic the natural developroérthe pancreasn vivo for
differentiation of both human and mouse ES daellgitro (D'Amour, Bang et al. 2006;
Jiang, Au et al. 2007; Jiang, Shi et al. 2007; lipil Hentze et al. 2007; Shim, Kim et
al. 2007; Zhang, Jiang et al. 2009).

Differentiation of pancreatic beta cells from ESIscean be broken into four specific
developmental stages- endoderm formation, pancrepscification, endocrine
specification and beta-cell maturation (Murtaugl®20Spence and Wells 2007; Gittes
2009). Definitive endoderm is the first step ESlscahust achieve for differentiation
towards pancreatic cells types,vivo this step is achieved during gastrulation, during
which ES cells are specified for ectoderm, endoderrmesoderm formatiorin vivo
experiments have shown that nodal signalling isiireq for endoderm specification
(Conlon, Lyons et al. 1994; Brennan, Lu et al. 20@ihcent, Dunn et al. 2003). To
mimic this signalling process vitro another member of the T@Family- Activin A is
used as it binds and activates the same recemorsdal (de Caestecker 2004). The use
of Activin A and low serum conditions can achievdtures of up to 80% definitive

endoderm cells, as measured by percentage of sexfiessing cells (D'Amour,
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Agulnick et al. 2005). These efficiencies can bereased further still with the use of
wnt3a (D'Amour, Bang et al. 2006), stimulating Véignalling which is an important
regulator of mesendoderm and primitive streak faiona(Liu, Wakamiya et al. 1999).

Following formation of definitive endoderm cellsemoval of Activin A allows
formation of cells resembling gut-endoderm (D'AmoBang et al. 2006). Pancreas
specification of posterior foregut-like cells isitiated by inhibition of hedgehog
signalling (Hebrok, Kim et al. 1998; Lau, Kawahiet al. 2006), which can be
mimickedin vitro using FGF2 (bFGF) (Jiang, Au et al. 2007). Expamof PDX-1
positive pancreatic progenitor cells can be indumgdGF10 signalling (Bhushan, Itoh
et al. 2001; Ye, Duvillie et al. 2005). Noggin halko been shown to enhance
differentiation of definitive endoderm into pandieaendoderm (Jiang, Au et al. 2007,
Kroon, Martinson et al. 2008; Zhang, Jiang et a09.

The next stage of pancreas formation involves emu®wersus exocrine specification;

endocrine cells are marked byn3 expression. EGF signalling plays a role in
expansion of endocrine specified cealsvivo (Miettinen, Huotari et al. 2000), this

effect of EGF can also be mimickedimvitro differentiation protocols (Jiang, Au et al.

2007; Zhang, Jiang et al. 2009).

The final stages of beta-cell directed differemiatprotocols employ factors such as
extendin-4 (D'Amour, Bang et al. 2006), NGF (Nawarableros, Fiordelisio et al.
2007), nicotinamide (Jiang, Au et al. 2007) and 1GRJiang, Au et al. 2007) to induce
the maturation and terminal differentiation of paatic beta cells. The final steps of
pancreatic maturation remain the least well underst Using protocols and signalling
molecules similar to those discussed above, mamypgr have achieved insulin
producing cells, however many of these cells arghmomonal and do not represent
fully mature pancreatic beta cells (D'Amour, Bangle 2006; Jiang, Au et al. 2007).
Pancreatic progenitor cells transplanted into noicgergo a maturation processvivo
and exhibit functions of mature pancreas which oaget be replicateth vitro (Jiang,
Shi et al. 2007; Kroon, Martinson et al. 2008). Mweork remains to be performed to
understand than vivo molecular and signalling processes responsiblénfomaturation

of transplanted progenitor cells.
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1.5 Induced pluripotent stem cells

The generation of induced pluripotent stem cel®S(icells) represents a significant
advancement in stem cell research. IPS cells cageberated from somatic cell types
by forced expression of stem cell related geiegt, sox2, c-myc andklf4 (Takahashi

and Yamanaka 2006; Takahashi, Tanabe et al. 20i%)technology overcomes the
ethical and political concerns associated with hum@bryonic stem cell research, and
also represents a potential avenue for the geparaif autologous transplantation

material.

At the time of undertaking this study, lentiviradded reprogramming techniques were
the gold standard of reprogramming technologiess dn increased transduction
efficiency compared to the original retroviral maedls (Blelloch, Venere et al. 2007;
Yu, Vodyanik et al. 2007). However, concerns reradiabout genomic modifications
of iPS cells containing viral genes insertionsaatdom integration sites. Since this work
was completed a number of newer techniques using-imegrating plasmids,
recombinant proteins and mMRNAs have been develtpex/ercome these problems
associated with viral based methods (Okita, Nakagatval. 2008; Kim, Kim et al.
2009; Zhou, Wu et al. 2009; Warren, Manos et al(020

Initially, fibroblasts were typically the cell typelected for iPS reprogramming, as they
had been previously shown to be capable of repnagriag via nuclear transfer and cell
fusion techniques (Wakayama, Perry et al. 1998aTadkahama et al. 2001; Cowan,
Atienza et al. 2005). However, keratinocytes shovesder reprogramming rates and
improved efficiency compared to fibroblasts (Aasétgya et al. 2008; Mabherali,
Ahfeldt et al. 2008). Cells with a progenitor oruidstem cell phenotype generally
reprogram with increased efficiency compared toumgatell types, as these cell types
already endogenously express at least one of gregemming factors (Kim, Zaehres
et al. 2008). Factors which are endogenously egpef the starting population cell
type can be removed from the reprogramming cocktaolwever this leads to a
reduction in reprogramming efficiency comparedeprogramming with all four factors
(Kim, Zaehres et al. 2008).
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Molecular characterisation of colonies formed faliog treatment with reprogramming
cocktail is vital to identify truly reprogrammedSFcells, as semi-reprogrammed cells
may exhibit morphology similar to ES cells (Takahia3anabe et al. 2007). Nanog is
the marker of choice for such applications, asoistinely used to differentiate truly
reprogrammed from semi-reprogrammed cells, asniaigker is exclusively expressed
in true pluripotent cells (Maherali and Hochedling@08). Oct4, sox2, c-myc and klf4
expression is also monitored during iPS cell gefmraas viral expression of these
genes should be detectable for the duration ofrépeogramming protocol, however,
once reprogrammed has occurred, viral transgeneegsipn should be silenced and

endogenous expression of these markers should.begin

iIPS cells have been shown to possess similar ifeqotl differentiation potential as

hES cells (Takahashi and Yamanaka 2006; TakahBahgbe et al. 2007). A number of
studies have demonstrated differentiation of iPif @eto pancreatic phenotypes, with
similar efficiencies as that achieved with ES cé¢llateishi, He et al. 2008; Maehr,

Chen et al. 2009; Zhang, Jiang et al. 2009), tlif$erentiated iPS cells also exhibit

insulin secretion properties, however, this insuiacretion profile more closely

resembles that of fetal islets rather than matarecgeatic beta cells (Tateishi, He et al.
2008).

Progress in the understanding of normal pancresi@lopment, specifically the late
stages of beta cell maturation will allow the dasigf more efficient directed
differentiation protocols, which will bring the pottial use of iPS derived pancreatic
beta cells closer to the clinic.
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1.6 MicroRNASs

MicroRNAs (miRNAs) are endogenous small non-codiidAs of 19-28 nucleotides in
length that regulate gene expression at the passdriptional level by binding to
complementary sites in the 3’ untranslated reg®TR) of target mMRNAs. Based on
the level of complementarity, miRNAs can direct n#&N for degradation or
translational repression (Bartel 2004). MiRNA bingsis, function, and mechanisms of

action is reviewed in full in appendix E (Henneasy O'Driscoll 2008).

Of particular interest to the area of diabetes, NAR have been implicated to play a
role in regulation of insulin secretion (Poy, Efes et al. 2004; Plaisance,
Abderrahmani et al. 2006; Baroukh, Ravier et aD720_ovis, Gattesco et al. 2008),
pancreatic islet development afiecell differentiation (Joglekar, Parekh et al. 200

Joglekar, Parekh et al. 2007; Kloosterman, Lagkretipl. 2007; Lynn, Skewes-Cox et
al. 2007; Correa-Medina, Bravo-Egana et al. 2008lekar, Joglekar et al. 2009; Poy,
Hausser et al. 2009), insulin resistance (TelenMaitra et al. 2006; He, Zhu et al.

2007; Huang, Qin et al. 2009; Ling, Ou et al. 20G8)d have been associated with
secondary complications of diabetes, such as d@ahephropathy (Kato, Zhang et al.
2007; Wang, Wang et al. 2008) and cardiovasculseatie (Xiao, Luo et al. 2007;
Wang, Qian et al. 2009). A number of miRNAs haverbeshown to be directly

involved in glucose stimulated insulin secretiorS(S); indicating potential therapeutic

targets for enhancement of GSIS &nckll function in type 2 diabetes patients.
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1.6.1 miRNAs associated witlfi-cell insulin secretion

MiRNAs are critical for pancreatic beta cell furmeti MiRNA inactivation in adult
murine beta cells resulted in establishment of @elic phenotype, as a result of
dysfunctional insulin synthesis (Melkman-Zehavi,e@ret al. 2011). Mir-375 is,
apparently, an important miRNA which negatively uleges GSIS in the murine
insulinoma cell line, MING, and is thought to attlze late stages of exocytosis through
its target myotrophin (Poy, Eliasson et al. 20@8Jucose is a negative modulator of
mir-375 expression. Mir-375 also negatively regegainsulin gene expression in INS-
1E cells by directly targeting PDK1, thereby glueasduced reduction of mir-375
ultimately leads to increased insulin gene expoesgEl Ouaamari, Baroukh et al.
2008). Mir-30d expression is also glucose modulatedMING6 cells and mouse
pancreatic islets; with up-regulation of mir-30dveés induced by high glucose
concentrations. Over-expression of mir-30d in Mibiglls leads to increased insulin
gene expression, while knockdown leads to redugpecession (Tang, Muniappan et al.
2009), although it is unknown whether the effecgloicose-induced mir-30d, on insulin
expression, is also mediated through PDK1. Mir-1@s also shown by luciferase
reporter assay to directly target neuroD1 and heagelate insulin 1 expression in
MING cells (Zhang, Zhang et al. 2011).

Another miRNA mir-124a, targets transcription facfoxa2, which in turn regulates
PDX-1 (which regulates insulin transcription) anotgssium channel subunits Kir6.2
and surl. Overexpression of mir-124a leads to aszé C&' levels within MING cells,
possibly due to dysregulation of Kir6.2 and sursuts (Baroukh, Ravier et al. 2007).
Overexpression of mir-124a in MIN6 B1 cells leditereased insulin secretion in
response to basal glucose concentrations and rmeédaeeretion in response to
stimulatory glucose concentrations (Lovis, Gattestal. 2008). Mir-124a affects the
expression of a number of other exocytosis relateteins in MIN6 B1 cells including
SNAP25, Rab3A, synapsin-1A, Rab27A and Noc2; algioanly Rab27A is a direct
target of mir-124a (Lovis, Gattesco et al. 2008)eJe exocytosis-related proteins also
have predicted binding sites for regulation by othéRNAs, but these still remain to be
experimentally validated (Abderrahmani, Plaisartca.€2006).
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Mir-9 negatively regulates GSIS in INS-1E cells Oyectly targeting transcription
factor onecut2, which in turn regulates granuphidimegative modulator of exocytosis
(Plaisance, Abderrahmani et al. 2006). Mir-96 megiaeduction of GSIS in MING B1
cells is also associated with reduced expressiografuphilin and Noc2 exocytosis

related proteins.

High levels of mir-34a are observed in islets frdommbetic db/db mice. Over-expression
of mir-34a in MING6 B1 cells leads to reduced GS8ssibly through its target protein
VAMP2 which plays a role i8-cell exocytosis (Lovis, Roggli et al. 2008). Ascka

miRNA can target multiple mRNAs, regulation of ifisusecretion may be controlled
by a small network of miRNAs co-ordinately targetithe extensive range of proteins

involved in regulation of exocytosis.

A more comprehensive understanding of the functibmiRNAs in regulated insulin
secretion could potentially identify miRNA targetkich could be manipulated in order
to maintain or enhance GSIS of replacement beta fml treatment of type 1 diabetes,

or for treatment of beta cell dysfunction assodatéh type 2 diabetes.
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1.6.2 MIRNAs as therapeutic targets

Until recently, miRNAs had not been consideredlassical therapeutic targets, as they
do not code for proteins. Initial studies aimedeaploiting miRNAs as a form of
therapy have shown promising results. Followingawénous injection of modified
antisense oligonucleotides (termed antagomirs) mtce, in vivo inhibition of four
MIRNAS — mir-16, mir-122, mir-192 and mir-194 — Haeen successfully demonstrated
(Krutzfeldt, Rajewsky et al. 2005). This approadsuited, not only in blockage of
target miRNASs, but also in their degradation in tnmgans analysed, including liver,
kidney, heart, lung, intestine, bone marrow, myssien, fat, ovaries and adrenals. Lack
of effect observed in brain is possibly due tonetdd diffusion of charged nucleic
acids across the blood-brain barrier. Alternatiyppraaches to targeting miRNAs
therapeutically by inhibiting Drosha, Dicer or atheiRNA pathway components are
being investigated as alternative approaches getiamg miRNAs directly. Conversely,
where reduced miRNA expressed is associated wilisease phenotype and increased
expression of relevant miRNA could be of potenttarapeutic relevance to rescue
disease phenotype, introduction of miRNA mimicsb&ing investigated. However,
suitable expression vectors have yet to be idedtiffor the safe delivery and

maintenance of such effects long-term (Esau andi&V2007).
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1.7 Biomarkers in diabetes

Type 1 diabetes typically brews for a number ofrgdmefore symptoms become evident
and the condition is diagnosed, by this stage aqmeately 80% of pancreatic cells are
destroyed (Kloppel, Lohr et al. 1985). Once diagap$patients are on insulin treatment
for the remainder for their life. Therefore, thesea great need to identify predictive
biomarkers for type 1 diabetes, so that autoimmatteck of the pancreatic beta cells

can be treated before the damage becomes irreparabl

1.7.1 MiRNASs as serum biomarkers

Serum microRNAs are highly stable, being resistanRNaseA digestion and other
harsh conditions (low/high pH, boiling, extendedrage and freeze/thaw cycles)

making them ideal for use in the clinical settisgogomarkers (Chen, Ba et al. 2008).

Serum miRNA expression profiling has demonstrabtedgresence of different miRNA

expression patterns in pathological conditions saciNSCLC (Chen, Ba et al. 2008),
colorectal cancer (Chen, Ba et al. 2008), diffesge B-cell lymphoma (Lawrie, Gal et
al. 2008), prostate cancer (Mitchell, Parkin et2808), ovarian cancer (Resnick, Alder
et al. 2008) and type 2 diabetes (Chen, Ba et @8R as well as physiological

conditions such as pregnancy (Chim, Shing et &82Gilad, Meiri et al. 2008).

A recent study of serum from pregnant females ifledtthree miRNAs- mir-132, mir-
29a and mir-222 associated with development ofagjesial diabetes and represent
potential biomarkers for prediction of this pregoyromplication (Zhao, Dong et al.
2011). Distinct miRNA profiles have also been idiged in patients with type 2
diabetes (Chen, Ba et al. 2008; Zampetaki, Kiedhhle 2010), pre-diabetes, and
patients with normal glucose tolerance but at akeveloping type 2 diabetes (Kong,
Zhu et al. 2011). Table 1.1 details patient popaitest and main findings from these
biomarker discovery studies. These miRNA profilesymepresent potential biomarkers
for prediction of type 2 diabetes and allow pasetd make the relevant lifestyles

changes required before establishment of the diseas
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The scope for miRNA serum biomarkers spans a wialege of diseases and
physiological conditions. Together with their staij resistance to RNase degradation,
and non-invasive procurement techniques would ntagen an ideal tool for disease
diagnosis.

1.7.2 Protein biomarkers in diabetes serum

Proteins also represent a potentially useful clalsserum biomarkers, as specific
protein levels can be easily and sensitively mesabur the clinical setting using ELISA
technology. A range of proteomic profiling experime on diabetes serum have been
published in the literature, these studies idergggcific protein profiles associated with
type 1 diabetes (Metz, Qian et al. 2008), type &oeies (Zhang, Sun et al. 2010),
metabolic disease (Matsumura, Suzuki et al. 2086)vell as secondary complications
of diabetes (Otu, Can et al. 2007; Gianazza, Maigiral. 2010; Madan, Gupt et al.
2010), these studies are detailed in table 1.1.pFbmising results from these studies
indicate the potential for protein biomarkers foegiction, diagnosis and management

of diabetes.

1.7.3 Metabolite biomarkers in diabetes serum

Recent advances in mass spectrometry technologiesombination with data
processing software for large scale metaboliteiljprgf (Ryals, Lawton et al. 2007,
Evans, DeHaven et al. 2009) has prompted a surgenetabolomic profiling
experiments and biomarker studies which were pusiyounachievable. Metabolomic
profiing of diabetes serum gives an insight intbe textent of metabolomic
dysregulation characteristic of diabetes. Distmetabolite profiles have been identified
for type 1 diabetes (Oresic, Simell et al. 2008n4a Zhang et al. 2010), type 2
diabetes (Li, Xu et al. 2009; Suhre, Meisingerle@10), pre-diabetes (Zhang, Wang
et al. 2009; Gall, Beebe et al. 2010; Lucio, Felattal. 2010; Tsutsui, Maeda et al.
2010; Zhao, Fritsche et al. 2010), as well as sgmgncomplications of diabetes (Xia,
Liang et al. 2009; Zhang, Yan et al. 2009). Themmandings of these studies are
detailed in table 1.1. Metabolite biomarkers hagerbused extensively over the years
for monitoring disease, e.g. glucose for diabeathe|esterol for heart disease, the use of
straight forward, rapid biochemical assays for telite quantification also makes
metabolites an ideal candidate for biomarker ideation.
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Condition

Biomarker
Type

Study Population

Findings

Reference

Gestational MiRNA 68 gestational diabetes patients| Decreased levels of mir-29a and mir-222 associated (Zhao, Dong et

Diabetes and 68 controls with gestational diabetes. al. 2011)

Type 2 diabetes MIiRNA Study population not detaited | Identified a miRNA fingerprint for type 2 diabetes, | (Chen, Ba et
publication including 3 diabetes specific miRNAs (not named in| al. 2008)

the publication).

Type 2 diabetes MiRNA 18 newly diagnosed type 2 Increased levels of mir-9, mir-29a, mir-30d, mira34 | (Kong, Zhu et
diabetes patients (n-T2D), 19 premir-124a, mir-146a and mir-375 during disease al. 2011)
diabetes patients, 19 type 2 progression.
diabetes susceptible patients with
normal glucose tolerance (s-

NGT)

Type 2 diabetes MiRNA 80 type 2 diabetes patiemiis8® | Decreased levels of mir-20b, mir-21, mir-24, mial5 | (Zampetaki,

controls mir-126, mir-191, mir-223, mir-320 and mir-486, \ehi Kiechl et al.
increased levels of mir-28-3p in type 2 diabetearse | 2010)

Type 1 diabetes Protein 10 type 1 diabetes pafidritgoe | Increased levels of fibrinopeptide A in type 1 ditds | (Gianazza,

1 diabetes patients with diabetig serum, while decreased levels of fibrinopeptide A | Mainini et al.

nephropathy and 9 controls fragments in patients with type 1 diabetes alorte an | 2010)

type 1 diabetes with nephropathy.

Diabetic Protein 31 type 2 diabetes patients with Identified a 12-peak proteomic signature which psd (Otu, Can et al
nephropathy diabetic nephropathy and 31 typetype 2 diabetes patients who will subsequently libgve 2007)

2 diabetes patients without diabetic nephropathy.

nephropathy
Diabetic Protein Type 2 diabetes patients with | PAI-1, fibrinogen, VWF increased in T2D compared t¢gMadan, Gupt

microvascular
complications

healthy controls. Diabetic retinopathy associatéth w
decreased protein S and VWF levels. Diabetic
nephropathy associated with increased PAI-1 and v

(n=40) and without (n=20)
diabetic microvascular
complications, and 30 control

et al. 2010)

WE

healthy samples levels.
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Type 2 diabetes Protein Serum from rat model o ®@p | Differential expression of apolipoproteins aa@tHS- | (Matsumura,
diabetes, and control heathy rat| glycoprotein in serum from type 2 diabetes rat Suzuki et al.
(n=1) compared to non diabetic control. 2006)

Type 2 diabetes Protein 10 type 2 diabetes rats1@n | Decreased levels of apolipoprotein E, apolipoprofei | (Zhang, Sun et
healthy control rats 1, Ig gamma-2A chain C region, and increased levke|sal. 2010)

transthyretin, haptoglobin, serum amyloid P-compone
prothrombin were identified in type 2 diabetes
compared to control healthy rats.

Type 1 diabetes Protein 10 newly diagnosed type 1 | Increased levels af-2-glycoprotein 1, corticosteroid- | (Metz, Qian et
diabetes patients, and 10 healthybinding globulin, lumican, and decreased levels of | al. 2008)
controls clusterin and serotransferrin in type 1 diabetes

compared to control samples.

Type 1 diabetes Metabolite}, 56 patients who subsetue Increased levels of succinic acid and (Oresic, Simell
progressed to type 1 diabetes, anghosphatidylcholine at birth in patients who wolater | et al. 2008)

73 non-diabetic controls develop type 1 diabetes.

Reduced levels of triglycerides and antioxidaneeth
phospholipids, and increased levels of proinflanamat
lysoPCs before seroconversion to autoantibody
positivity.

Type 1 diabetes Metabolite} Type 1 diabetes patiumtisig Increased levels of lactate, acetate, allantoin and (Lanza, Zhang
insulin treatment and acute ketones identified during insulin deprivation. et al. 2010)
insulin deprivation (n=9), and | Protein synthesis and breakdown, gluconeogenesis
non-diabetic controls (n=9) ketogenesis, amino acid oxidation, mitochondrial

bioenergetics and oxidative stress pathways altered
during insulin deprivation.

Type 2 diabetes Metabolite] 48 type 2 diabetes piatiend 31| 2-hydroxyisotubyric acid, linoleic acid, palmiticid (Li, Xu et al.
healthy controls and phosphate levels correctly distinguished type 2 | 2009)

diabetes and control specimens.

Type 2 diabetes Metabolite] 40 type 2 diabetes piatiend 60| Alterations in pathways related to kidney dysfuoeti | (Suhre,
healthy controls (3-indoxyl sulphate), lipid metabolism Meisinger et
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(glyceropholipids, free fatty acids), and interantivith
the gut microflora (bile acids) were identifiedtype 1
diabetes patients.

al. 2010)

Pre-type 2 Metabolite | 399 non diabetes subjects with|ddentified a-hydroxybutyrate as an early marker of bot{Gall, Beebe et
diabetes range of insulin sensitivities and| insulin resistance and impaired glucose regulation. | al. 2010)
glucose tolerance
Pre-type 2 Metabolite | 48 non-diabetic subjects Identified alterations in lipid-related pathways (Lucio, Fekete
diabetes exhibiting high to low insulin (arachidonic acid metabolism, essential fatty acid | et al. 2010)
sensitivities metabolism, and biosynthesis of unsaturated fatty
acids), steroid hormone biosynthesis and bile acid
metabolism associated with changes in insulin
sensitivity.
Pre-type 2 Metabolite | Diabetic mice and normal contrpAlterations in metabolites related to lysine bidssis | (Tsutsui,
diabetes mice (number of mice in each | and degradation were identified in diabetic comg@doe| Maeda et al.
group not specified in the control mice, before onset of type 2 diabetes. 2010)
publication)
Pre-type 2 Metabolite | 39 subjects with normal glucose Alterations in fatty acid, tryptophan, uric acidlebacid | (Zhao, Fritsche
diabetes tolerance, and 12 subjects with | and lysophosphatidylcholine metabolism, and TCA | et al. 2010)
impaired glucose tolerance cycle associated with pre-diabetes state.
Decreased levels of gut flora-associated metalsolite
(hippuric acid, methylxanthine, methyluric acid &d
hydroxyhippuric acid) identified in subjects with
impaired glucose tolerance.
Pre-type 2 Metabolite | Subjects with normal glucose | Alterations in choline, glucose and amino acid (Zzhang, Wang
diabetes tolerance (n=80), impaired metabolism, and TCA cycle identified in type 2 et al. 2009)

glucose tolerance (n=77) and ty
2 diabetes (n=74)

pdiabetes and impaired glucose tolerance subjects
compared to normal glucose tolerance subjects.
Alterations in glucose, fatty acid, protein/amirada
metabolism identified in impaired glucose tolerance

subject compared to type 2 diabetes subjects.
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Type 2 diabetes | Metabolite | 8 diabetic nephropathy patients, Alterations in leucine, dihydrosphingosine and (Zhang, Yan et
and diabetic 33 type 2 diabetes patients and 25hytoshpingosine were identified in type 2 diabetes | al. 2009)
nephropathy healthy controls patients with and without diabetic nephropathy
compared to healthy control specimens.
Diabetic Metabolite | 88 subjects with diabetic Altered levels of adenosine, inosine, uric aciditkane | (Xia, Liang et
nephropathy nephropathy and 50 healthy and creatinine in diabetic nephropathy subjects al. 2009)
control subjects compared to healthy controls.

Table 1.1 MiRNA, proteomic and metabolomic profiling studies the identification of biomarkers for type labetes, type 2 diabetes, pre-
diabetes and secondary complications of diabetes.
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Aims

MicroRNAs involved in glucose stimulated insulin seretion in MING cells:

* To investigate the mechanisms of regulated inssdicretion, in particular, the
role of miRNAs in this process.

» To profile miRNA expression in glucose responsiuad glucose non-responsive
MIN6 cells, to identify miRNAs differentially expssed in these cell
populations.

* To determine if these differentially expressed mi@Nhave a direct effect on
regulated insulin secretion by over-expression &ndckdown of miRNA
targets, while monitoring GSIS response.

Attempt to generate iPS cells and differentiation ban established iPS cell line
towards pancreatic phenotypes:

* To generate iPS cells using retroviral and condét media reprogramming
techniques, followed by subsequent testing of @mming status by analysis
of pluripotency marker expression.

* To compare directed differentiation of iPS cells3iD and 2D culture systems.
To evaluate differentiation efficiency by PCR arsadyof differentiation and
pluripotency marker expression.

« To determine transdifferentiation potential of humbambal stromal cells
towards pancreatic phenotypes, measured by PCRs@naf pancreatic marker

expression.

Biomarker discovery in diabetes serum specimens:
* To determine if GSIS related miRNAs are differelhfigexpressed in serum
specimens from type 1 and type 2 diabetes patients.
 To perform proteomic, metabolomic and miRNA prof@i on serum from
diabetes patients to identify potential diseasenliders.
e To validate potential protein, metabolite and miRNarkers in a larger cohort
of patients to evaluate if expression trends wes@tained in larger sample size

study.
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2.0 Materials and Methods
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2.1 Culture of cell lines

2.1.1 Cell lines

The cell lines used during the course of this staidylisted in table 2.1. Cell lines were
maintained under standard culture conditions, 5%, @037°C and fed every 2-3 days,

except IPS cells which were fed every day.

Cell Line Cell Type Source

MING Murine pancreatic beta cells Dr. Per Bendix
Jeppesen*

iIPS (hFib2-iPS4) Human induced pluripotent stem cells Dr. Georgkeipd
MEF Mouse embryonic fibroblasts ATCC
293 Human embryonic kidney cells Stratagene
MiaPaCa2 Human pancreatic carcinoma cells ATCC
NHEK Normal human epidermal keratinocytes  ATCC
L-epi Limbal epithelial cells Mr. Kishore Reddy**t
Stromal Limbal stromal cells Mr. Kishore Reddy***
ESD3 Mouse embryonic pluripotent stem cells ATCC

Table 2.1.Cell lines used in this study

*Dr. Per Bendix Jeppesen, Aarhus University, Derkmnar
** Dr. George Daley, Howard Hughes Medical Institutd €hildren’s Hospital Boston.
***|imbal epithelial and stromal cells were isoldt&rom donor cornea-sclera ring by Mr.

Kishore Reddy, NICB. Donor cornea retrieved by Dfilliam Murphy at The Royal
Victoria Eye and Ear Hospital, Dublin.
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2.1.2 Preparation of cell culture media

DMEM for culture of MING6 cells was purchased predaaat 1X concentration (Gibco
21885). DMEM/F12 (D8437), DMEM (D5671), MEM (M565@nd RPMI (R8758) for
culture of additional cell-lines used in this tleesivere also purchased at 1X
concentration from Sigma Aldrich. Basal media wasesl at 4C up to their expiry
date as specified on each individual container. Rivigr stocks of culture media were
prepared as 100mL aliquots and supplemented asredq(iable 2.2). These were
stored for up to 3 weeks atG@ after this time, fresh culture medium was pregar

Cell Line Basal Media FCS (%) Additives

MING DMEM 10 88QuL of 45% glucose solution
(Sigma G8769) / 100mL media

iPS (hFib2-iPS4) DMEM/F12 20% Knockout serum,

1mL L-Glutamine,
1mL Non-essential amino ids,

3.5uL B-mercaptoethanol,

10ng/mL bFGF

MEF DMEM 10 4mM L-Glutamine

293 DMEM 5 4mM L-Glutamine

MiaPaCa2 DMEM 5 4mM L-Glutamine

NHEK KBM (Lonza KGM SingleQuots (Lonza CC-
CC-3103) 4152)

L-epi DMEM+HAM 10 5ug/mL insulin, 10ng/mL rhEGF,
F12 (3:1) 100ng/mL cholera toxin A subunit,

0.4ug/mL hydrocortisone, 2nM

triiodothryonine

Stromal DMEM 10 N/A

ESD3 DMEM 10 0.1mM 2-mercaptoethanol, 2000U
LIF / 100mL media

Table 2.2Media requirements for cell lines used in thiglgt(N/A- non applicable).
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2.1.3 Subculture of cell lines

Prior to subculture, cells were monitored for comtaation and were subcultured when
cells reached 70-80% confluency. The cell cultusslimm was removed from the tissue
culture flask and discarded into a sterile wastttldaoThe flask was then rinsed with
10mL pre-warmed 1X C&Mg?*- free PBS (Gibco, 14200-067). 1.5mL trypsin/EDTA
solution (0.25% trypsin, 0.01% EDTA in PBS) wasnlalded; the flask was given a
gentle swirl to coat the surface (for MING celldintrypsin-EDTA solution was then
removed). The flask was then incubated &C3fbr 5 minutes. 10mL culture media was
added to inactivate the trypsin and the cell susipenwas removed and placed in a
sterile universal container. Cells were centrifuggd1000 rpm for 5 minutes. The
supernatant was discarded from the universal angehet re-suspended in pre-warmed
culture medium, media was aspirated up and dowmaber of times to ensure a single-
cell suspension. A cell count was performed ank$ cetseeded to flasks or assay plates

at the required density.

2.1.3.1 Subculture of iPS cells
IPS cells were subcultured as per protocol fromvei@ Stem Cell Institute. Cells were

washed with PBS before addition of 1mL collagen@g® units/mL) per well of a 6-
well plate and incubated at 37°C for 10 minuteseWhisible curling and thickening of
colonies around the edges was seen, collagenaseemased and 1mL of iPS media
was added. iPS cell clusters were scraped fronpldte using a Pasteur pipette. The
solution containing loosened cell clusters wasqiaato a universal tube, the well was
rinsed with an additional 1mL iPS media, and thiaswalso transferred into the
universal tube. The cell suspension was centrifugedlO00 rpm for 2 minutes,
supernatant was removed and cell clusters werespeaded in fresh media, avoiding
excess pipetting to maintain cell clusters. iP&telts were then plated in 6-well plate

pre-coated with gelatin and irradiated MEF feedget, at the ratio of 1:6.
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2.1.4 Cell counting

Cell counting and viability determinations werera@ out using a trypan blue (Gibco,

15250-012) dye exclusion technique.

Cells were trypsinised, pelleted and resuspendedeidia. An aliquot of the single-cell
suspension was then added to trypan blue at aghtd.. After 3 minutes incubation at
room temperature, a sample of this mixture was ieppto the chamber of a
haemocytometer over which a glass cover slip hat Ipdaced. Cells in the 16 squares
of the four outer corner grids of the chamber weoeinted microscopically. The
average cell numbers per 16 square corner gridcaigsilated taking into account the
dilution factor, and multiplied by a factor of 4L determine the number of cells per
mL in the original cell suspension. Non-viable sefitained blue, while viable cells
excluded the trypan blue dye as their membranesairmd intact, and remained

unstained. On this basis percentage viability cta@ldalculated.
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2.1.5 Cryopreservation of cells

Freezing media was prepared as described in taBlar®d then placed on ice until

required. Appropriate number of cryogenic vialsdi@er, 122 278) were labelled with

the cell line name, passage number, date and placade at this point. Cells were

trypsinised and counted as outlined in sectior32ahd 2.1.4. The supernatant from the

centrifuged cells was removed and the cell pedlstispended in freezing media to a cell

density of 5x18 cells/mL. 1mL of cell suspension in freezing medias then added to

each pre-cooled cryovial. Cryovials were placediom for 10 minutes, and then

transferred to a -8C freezer overnight in a Boehringer Mannheim enzyuog, and

then placed in liquid nitrogen for storage.

Cell Line Freezing Media 1X

SO

MING Complete media + 10% DMSO

iPS (hFib2-iPS4) 50% complete media + 40% FCS + 10% DM
MEF FCS + 10% DMSO

293 FCS + 5% DMSO

MiaPaCa2 FCS + 5% DMSO

Stromal 80% DMEM + 10% FCS + 10% DMSO
ESD3 FCS + 20% DMSO

Table 2.3Freezing media composition
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2.1.6 Thawing of cryopreserved cells

Prior to thawing 8mL of culture media was addeda tilssue culture flask and allowed
to equilibrate in a 37°C, 5% GOhumidified incubator overnight. A sterile univdrsa
tube containing 5 mL growth medium was pre-warmedote thawing cells. This
allowed for the rapid transfer and dilution of thevcells to reduce their exposure time
to the DMSO freezing solution (DMSO is toxic at nm@emperature). For thawing iPS
cells, media was supplemented with 10mM ROCK irthibiY27632 (Calbiochem,
688000). The cryovial taken from the liquid nitrogstorage and immediately diluted
with media using a Pasteur pipette, and its costemre transferred to the universal.
The suspension was centrifuged at 1000 rpm forriutes (2 minute for iPS cells), the
DMSO-containing supernatant was removed and thietpelas then resuspended in
fresh growth medium, ensuring a single-cell susjpe@nsvas achieved (minimal
pipetting was used for iPS cells to maintain cklsters). Viability counts were carried
out (section 2.1.4) to determine the efficacy @&f fteezing/thawing procedures. Thawed
cells were placed in tissue culture flasks with #ippropriate volume of medium and
allowed to attach overnight. The following day selWere fed with fresh warmed
medium to remove any residual traces of DMSO.

2.1.7 lrradiation of cells

Mouse embryonic fibroblasts (MEF) were routinelyimained in DMEM, 5% FCS. To

harvest for irradiation, cells were trypsinised 60-70% confluency, washed and
transported in HBSS (Gaand Mg** free) to the cell irradiator, which was a MDS
Nordion Gammacell 3000. Inactivation of MEFs wakiaged by treatment with a 30
gray radiation dose. Irradiated MEF were storedignid nitrogen in freezing media

containing 10% DMSO, at a cell density of 500,080scper vial, sufficient for seeding
3 wells of 6-well plate.

2.1.8 Sterility checks

Sterility checks were routinely carried out on rakdia and supplements used for cell
culture. Samples of basal media were inoculated tdlumbia blood agar plates
(Oxoid, CM331), sabauraud dextrose (Oxoid, CM21g) hioglycollate broths (Oxoid,

CM173) which enable detection of most contaminamt¢fuding bacteria, fungus and

50



yeast. All cell lines used in this study were mylesma-free, testing was carried out in-

house every four months.
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2.2 Specialised techniques in cell culture

2.2.1 Glucose stimulated insulin secretion (GSISkaay of cultured cells

The GSIS profile of MING cells was examinedjtcose concentrations of 3.3 and 16.7
mmol/L. MIN6 cells were seeded atx 10° cells/well in a 24-well plate and allowed to
grow for 72 hours prior to the GSIS assay. FollowingtHiX KRB (Krebs—Ringer
Bicarbonate) was prepared from an aliquot of fro2@X stock(36.525g NaCl, 2.2g
KCI, 0.941g CaCl2H,0 and 1.22g MgGI6H,O dissolved in 500mL kD), BSA and
HEPES were added to a final concentration of 0.h&h26mM respectively. The KRB—
BSA was adjustedo pH 7.4 with 1M NaOH. This solution was incubatfed 30
minutes at 37°C and 5% GOGlucose concentrations of 3.3 and 16.7mmol/L were
prepared with conditioned 1X KRB and placed at 3a1@ 5% CQ for 30 minutes.
MING cells to be analysed were rinsed twice in 1RBKand were equilibrated with 1X
KRB for 15 minutesat 37°C. After equilibration, the glucose-contagnimedia was
added (ImL/well), incubated at 37°C and 6%, for 60 minutes. The GSIS assay was
then terminated by placirige plate on ice. Conditioned medium (300uL) wasaeed
from each well, placed in an ice-cold eppendorfetutentrifugecat 1000 rpm for 2
minutes and 2Q4L supernatant was removddr analysis by (pro)insulin ELISA
(Mercodia, AB, Sylveniusgatatyppsala, Sweden 10-1124-10) (see section 2.2.2). A
volume of 20QlL of 0.1M NaOH was added to each well to lyse citsprotein assay

normalisation (section 2.2.3). Plates were theredtat -20°C until required.

52



2.2.2 ELISA Analysis for Insulin and Proinsulin

Analysis of conditioned media was carried out usanginsulin ELISA kit (Mercodia,
10-1124-10). The kit was supplied with reagentandards and pre-coated ELISA
plates. Standard protocol was followed as per natufer’s instructions. In brief,
standards and samples (@) were added directly to the coated plate (mouse
monoclonal anti-insulin) in triplicate. HQ conjugate solution (enzyme conjugate 11X
in enzyme conjugate buffer) was then added to #meptes and standards. The plate
was wrapped in foil (to prevent debris falling intee wells) and incubated at room
temperature for 2 hours on a belly dancer set twirmam speed. Following this, the
conjugate/sample mixes were tapped off into th& sind the wells were washed 6
times with washing solution (wash buffer 21X dilditeith UHP). After washing, the
plate was tapped firmly on absorbent tissue to xentbe excess wash solution. At this
point 20QuL peroxidase substrate was added to each wellt Aslight sensitive, this
reaction was allowed to develop in the dark (thetgplwas wrapped in tinfoil) for 15
minutes and stopped by addingphOstop solution per well. The plates were mixed

gently and read at 405nm on a plate reader (BIO®@EBynergy HT).

2.2.3 Protein quantification

Lysed samples were removed from the freezer armbglan ice. A BSA stock solution
of 1mg/mL was prepared in UHP. Diluted BSA staddaof 0, 0.2, 0.4, 0.6 and
0.8mg/mL were prepared an@l5of standards or sample were placed in triplicedds

on a 96-well plate (Costar, 3596). The Biorag Hdotein Assay was used for protein
quantification. 2L of Reagent A (Bio-Rad, 500-0113) followed by p00of Reagent

B (Bio-Rad, 500-0114) were added to each test wBlle plate was kept in the dark at
room temperature for 15 minutes prior to readingoabance at 750nm on a plate

reader.
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2.2.4 MIRNA transfection for monitoring GSIS

MIN6 cells were transfected with Ambion® Pre-miR™iRNA precursors and
Ambion® Anti-miR™ miRNA inhibitors). Ambion® Pre-®™ miRNA precursors are
chemically modified dsRNA molecules designed to mimature miRNA molecules.
They enable functional analysis of individual mRNAs via “gain-of-function”

experiments. Ambion® Anti-miR™ miRNA inhibitors achemically modified, single
stranded nucleic acids designed to specificallydbio and inhibit mature miRNA
molecules. They enable detailed study of miRNA dmadal effects via “reduction-of-
function” experiments. Pre-mir negative was usedaasegative control for pre-mir

experiments. Anti-mir negative was used as a negabntrol for anti-mir experiments.

Cell suspensions were prepared at a cell densitgxdlF cells/mL. Solutions of
pre/anti-mirs and negative controls were preparedptiMEM (final concentration
50nM). 2uL lipofectamine was diluted in . optiMEM per well to be transfected,
mixtures were incubated at room temperature foriutas. After incubation diluted
lipofectamine was added to each pre/anti-mir arghtiee control mix and incubated
for a further 20 minutes. 1QQ of pre/anti-mir/lipofectamine mix was added pezlhof
24-well plate. 50QL cell suspension was then added to each well hiege a final
concentration of 2xT0cells/well, with 50nM pre/anti-mir andu2. lipofectamine per
well. Plates were gently mixed and incubated aC3ftt 24 hours. At 24 hours the
transfection media was removed and replace withptet@ growth media. Cells were
allowed to grow for a further 48 hours until GSIssay was performed (section 2.2.4)

to determine effect of transfection on GSIS cayamitMING cells.
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2.2.5 Differentiation towards pancreatic cell types

Cells were differentiated in either 2D or 3D cu#tuFor 2D cultures 6-well plates were
pre-coated with 1:20 dilution of matrigel (BD Biesieces, 354230) in DMEM for 30
minutes prior to seeding cells. Cells to be diffei@@ed were then added directly to the
pre-coated plates and allowed to attach for 24 shibefore addition of differentiation
media. For 3D cultures, 24-well plates were petealavith 1.5mg/mL collagen type 1
for 30 minutes. Cells to be differentiated werepgugled in 60AL of media containing
1.5mg/mL collagen type 1 and 3a0 of matrigel. 80@iL was then added to each well
of a 24-well plate. 3D cultures were allowed to fpgl 2 hours, then 330 of media
was added per well. Cells were allowed to proliferfor up to 3 days in 3D culture
before initiation of differentiation.
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2.2.5.1 Directed differentiation protocol

Cells in 2D and 3D culture were treated with eitdéferentiation media or control
media. For iPS differentiation experiments contmoledia consisted of IMEF
conditioned iPS media. For stromal cell differetia experiments control media
consisted of standard stomal media - DMEM 10% FO8ected differentiation

consisted of four stages, summarised in figure 2.1.

Stage 1: Definitive endoderm induction

Cells were treated with RPMI media supplement vii¥h B27 (Invitrogen, 0080085-
SA), 4nM Activin A (R&D Systems, 338-AC), and 1mMo@um Butyrate (Sigma,
B5887) for 24 hours. Media was changed to RPMI, ,B&BW Activin A and 0.5mM
sodium butyrate, cells were cultured in this fod@®ys. On day 8 cells were harvested

for RNA to check expression of definitive endodamarkers.

Stage 2: Pancreatic endoderm induction

Cells in 2D culture were treated with 200units/mdllagenase IV and each well of a 6-
well plate was transferred to a well of an ultra+lattachment 6-well plate, while cells
in 3D culture were maintained in the original 24liw#ate. Media was changed to
RPMI/B27 supplemented with 20ng/mL EGF (R&D syste@R36-EG), 2ng/mL bFGF

(Invitrogen, 13256-029) and 100ng/mL noggin (R&Dsteyns, 1967-NG). Cells were
maintained in this media for 2 weeks. On day 2%agére harvested for RNA to check

expression of pancreatic endoderm markers.

Stage 3: Endocrine induction

Cells were cultured in RPMI/B27 media supplementeith 20ng/mL EGF and
100ng/mL noggin for 1 week. On day 29 cells werevésted for RNA to check

expression of endocrine markers.

Stage 4: Islet maturation

Cells were cultured in RPMI media supplemented vaith% BSA (Sigma, A7888),
10mM nicotinamide (Sigma, N0636) and 50ng/mL insilike growth factor (R&D
systems, 292-G2) for 5 days. Media was then chatg&PMI, 0.5% BSA and 10mM
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nicotinamide for a further 2 days. On day 36 celeye harvested for RNA to check

expression of mature islet markers.

Day 1 hES Cells ]
Stage 1 1 Activin A+ Na-Butyrate
Day 8 Definitive Endoderm |
Stage 2 EGF+ bFGF+ Noggin
v
Day 15 Pancreatic Endoderm

EGF+ bFGF+ Noggin

Day 22 bFGF withdrawn
Stage 3 EGF+ Noggin
L4
Day 29 Pancreatic Exocrine/Endocrine
Stage 4 Nicotinamide + IGFII
Day 36 | Islet-Like Clusters |

Figure 2.1 Summary of directed differentiation protocol used this study for
generation of pancreatic cells from iPS cells @jau et al. 2007).
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2.2.6 Generation of hanging drop cultures

Stromal cells were trypsinised and a cell counfquared. Cells were centrifuged at
1,000 rpm for 5 minutes. Cell pellet was resuspdnde a cell density of 1x£0

cells/mL. 2QL drops of cell suspension were placed of the mé&di of a petri dish, the

lid was covered with drops and then placed on tktei plish base, 10mL water was
added to the petri dish base to prevent evaporaifomedia. Hanging drops were
incubated for 48 hours, and then transferred tpesusion culture in petri dish coated
with 2% agar. Cell clusters were maintained in saspn culture for 48 hours before

seeding 2D, 3D or monolayer differentiation studsection 2.2.5).
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2.3 Lentivirus Techniques

2.3.1 Generation of Lentiviral Particles

Lentiviral particles were generated by co-transfectthe lentiviral ORF expression
clone containing oct4 [EX-T2820-Lv07], sox2 [EX-T2BLv07], c-myc [EX-Z2845-
LvO7] or kIf4 [EX-Z2836-Lv07] gene together witheHentiviral packaging plasmids
(GeneCopoeia PLv-PK-01). The lentiviral ORF plasmihtains the elements required
for packaging, transduction and stable integratbrihe viral construct into the host
genomic DNA. While the lentiviral packaging plassiidontain the elements required
for transcription and packaging of an RNA copy led ORF construct into active viral

particles.

2.3.1.1 Transformation of ORF expression clones

ORF expression clones were supplied by Genecopoeidilter paper discs. To
reconstitute the plasmids the filter paper discsewsaced in 1.5mL centrifuge tubes
containing 5QIL TE buffer. Tubes were then incubated for 60 masuat room

temperature to allow resolubilisation of plasmids.

To perform the transformation OneShot Max Efficieri@H50 T1 competent cells
(Invitrogen 12297-016) were allowed to thaw on i68uL of competent cells were
added to AL of the reconstituted plasmids, opl3 of pUC19 plasmid as a control
transformation. Tubes were flicked to ensure evexing of plasmid with cells and
placed on ice for 5 minutes. Cell/plasmid mixtusesre then heat-shocked for 30
seconds at 42°C, and then placed back on icefan@tes. 50QL of pre-warmed SOC
media (supplied with competent cells) was adddtiéaells/plasmid mix and incubated
in a shaking incubator at approximately 250rpm7&C3for 45 minutes to allow cells to
recover from the heat-shock. 300of transformation mixture was spread onto LB agar

plates and incubated at 37°C overnight.
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2.3.1.2 Generation of ORF expression clone plasmstiocks

Transformation colonies were picked and a singllrgowas seeded into 5mL LB
broth cultures and incubated in a shaking incubat@rnight. 1.5mL of culture media
was then used to seed a 250mL large scale culidter overnight incubation in a
shaking incubator at 37°C, plasmid DNA was handesiging Endofree Plasmid Maxi
Kit (Qiagen 12362) as per manufacturer’'s instructio DNA concentration was

assessed using the Nanodrop (section 2.4.4) andstbeed at -80°C until required.

2.3.1.3 Plasmid transfection to generate viral partles

293 cells were seeded in 90mm tissue culture dishesdensity of 4xT0cells/plate
approximately 6 hours before performing transfecti®NA mix was prepared by
adding Jug of each of the packaging plasmids wiiig2of the ORF expression clone
plasmid, made up to Pk with TE buffer. Fugene was prepared by addingul18
Fugene 6 (Roche, 11814443001) to [200opti-MEM reduced-serum media
(Invitrogen, 11058-021) and allowed to stand fombutes. DNA mix was added to
diluted fugene mix and incubated at room tempeeafor 15 minutes. Media was
removed from pre-plated 293 cells and replaced v@thL fresh DMEM, the
fugene/DNA mix was then added dropwise to the celtswirled and incubated at
37°C. At 24 hours post transfection media contagirfrtagene was removed and fresh
low serum media (DMEM 2% FCS) was added. Condigomedia was harvested at 48
and 72 hours post-transfection and filtered with50M low protein binding filter.
Conditioned media containing active viral particleas then aliquoted and stored at -

80°C until required.
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2.3.2 Lentivirus transduction for generation of iPScells

Cells to be transduced were seeded at a densiyldf cells/well in a 6-well plate one
day before transduction. Media was removed andaicepl with 1mL of fresh media per
well. 25QuL of each of the 4 viruses (oct4, sox2, c-myc alidl) kvere mixed with uL

of 8mg/mL polybrene, added dropwise to the well amcubated at 37°C. After 24
hours, media was removed and 1mL of fresh mediacger well. 250L of each of
the viruses were mixed withul polybrene, added drop wise to the well and inteda
at 37°C. After 24 hours, virus containing media wasoved and replaced with fresh
media. Five days after virus treatment, cells wieypsinised and cells from a single
well of a 6-well plate were seeded into a 90mmuessulture dish pre-coated with
irradiated MEF cells. 24 hours after trypsinisatimedia was changed to iPS media.
Colonies should appear approximately 10 days &fgpsinisation.
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2.3.3 Conditioned media generation of iPS cells

Conditioned media induction of reprogramming wagqrened using limbal epithelial
cells, using a protocol adapted from Balasubranmestial., (Balasubramanian, Babai et
al. 2009). Limbal epithelial cells were isolatedrfr donor corneal-sclera ring using the
explant technique. This involved growing of cellom explants on a transwell
membrane with 3T3 feeder layers in the lower cham®ace limbal epithelial cells
began to emerge from the explants, cells wereedeatth enriched media (1X B27,
20ng/mL EGF, 10ng/mL bFGF and 100ng/mL noggin) fordays, followed by
treatment with ESD3 conditioned media (50% ESD3dmned media, 48% ES media
and 2% FCS) for 10 days. In this study B27 supptemes used in the enriched media
instead of N2 supplement used by Balasubramastialn, 2009.

2.3.3.1 Collection of ESD3 conditioned media
ESD3 cells were grown on 0.1% gelatin coated fla€ksditioned media was collected

once cells reached 60% confluency. Conditioned anemis centrifuged at 1,800rpm for

5 minutes, filtered using 0.4/ filter and stored at -20°C until required.
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2.4 RNA Analysis

2.4.1 RNA isolation cells using MirVana kit

To analyse levels of RNA in cells, cell pelletslofl®® cells were prepared. Cell pellets
were washed twice with PBS and then stored at -80fR(C required. MirVana miRNA
isolation kit (AM1560, Applied Biosystems) was uded all RNA analysis studies in
section 3.1. MirVana miRNA isolation kit containB wash buffers, lysis buffer and
reagents required for the procedure, standard qobtovas performed as per
manufacturer’s instructions. In brief, 640 lysis buffer was added to cell pellets,
pipetting up and down to ensure complete lysis @fsc 1/10 volume of miRNA
homogenate additive was added; mixed by vorteximjalowed to stand on ice for 10
minutes. A volume of acid-phenol:chloroform (equal the volume of lysis buffer
added i.e. 600) was added, vortexed for 60 seconds and cengtfuigr 5 minutes at
maximum speed. The aqueous (upper) phase was lbarefmoved without disturbing
the lower phase, and transferred to a fresh tuddend note of the volume removed.
1.25 times the noted volume of 100% ethanol was@dd the aqueous phase and
transferred to the filter cartridge in a collectimive. Up to 70AL was applied at a time,
for larger samples larger the mixture was applreduccessive applications to the same
filter. Mixture was centrifuged for 15 seconds 8{AD0 rpm, the eluent was discarded,
and this was repeated until all of the lysate/ebhamixture was through the filter.
700uL miRNA wash solution 1 was applied to filter anentrifuged for 10 seconds.
Flow-through was discarded. 500wash solution 2/3 was applied and centrifuged for
10 seconds. Flow-through was discarded and waplhrepeated with wash solution 2/3.
Flow-through was discarded and filter cartridge weastrifuged for 1 minute to remove
residual fluid from the filter. Filter cartridge waransferred to fresh collection tube;
25uL RNase free water (pre-heated to 95°C) was applidtie filter cartridge, taking
care to cover the entire surface of the filter.sTias centrifuged for 30 seconds at
maximum speed to recover RNA, and repeated withL2BNase free water and
centrifuged for a further 30 seconds at maximunmedpéhe eluent was collected and

store at -80°C until required.
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2.4.2 RNA isolation from cells using TriReagent

RNA isolation using TriReagent was used for RNA lgsia in section 3.2. 1mL
TriReagent was added per well of 24-well plateRA isolation. These samples were
allowed to stand for 5 minutes at room temperatarallow complete dissociation of
nucleoprotein complexes. 0.2mL of chloroform wasiext per mL of TriReagent.
Samples were shaken vigorously for 15 seconds kmaeal to stand for 15 minutes at
room temperature. The resulting mixtures were deged at 13,000 rpm in a
microcentrifuge for 15 minutes at 4°C. The colosslepper aqueous phase (containing
RNA) was removed into a fresh tube. To this 0.5nflice-cold isopropanol (Sigma,
19516) was added. The samples were mixed and itedlz room temperature for 10
minutes, and then centrifuge at 12,000 rpm for 3@utes at 4°C to pellet the
precipitated RNA. Taking care not to disturb RNAlge the supernatant was removed
and the pellet was subsequently washed by theianddit 750uL of 75% of ethanol and
vortexed. The samples were centrifuged at 7,500 fpm5 minutes at 4°C. The
supernatant was removed and the wash step wadedp@&he RNA pellet was allowed
to air-dry for 10 minutes and then re-suspendedUpL of RNase free water. To

facilitate dissolution the sample was repeatedbgtted.

2.4.3 RNA isolation from serum using TriReagent

Frozen serum samples were allowed to thaw on icd, 25QiL was aliquoted into
labelled eppendorf tubes. To each gbGerum aliquot 750L TriReagent was added.
TriReagent/serum samples were allowed to sit fomiutes to ensure complete
dissociation of nucleoprotein complexes. 0.2mL libooform was added to each tube
and shaken vigorously for 15 seconds, then alloteestand for 15 minutes at room
temperature. The resulting mixture was then cemgell at 13,000 rpm in a
microcentrifuge for 15 minutes at@. The colourless upper aqueous phase (containing
RNA) was removed into a fresh RNase-free eppendbd. Glycogen (Sigma, G1767)
1.25 pL (final concentration 120 pg/mL) and 0.5 oflice-cold isopropanol (Sigma,
19516) were added. The samples were mixed by imggrtincubated at room
temperature for 10 minutes and stored afG26vernight, to ensure maximum RNA

precipitation.
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Tubes were then centrifuge at 12,000 rpm for 30uteim at 4C to pellet the
precipitated RNA. Taking care not to disturb RNAlge the supernatant was removed
and the pellet was subsequently washed by theianddit 750uL of 75% of ethanol and
vortexed. Centrifugation was followed at 7,500 rdor 5 minutes at 4. The
supernatant was removed and the wash step wastedpdzach RNA pellet was
allowed to air-dry for 10 minutes and subsequergtguspended in 5uL of RNase free

water. To facilitate dissolution repeated pipettvas done (figure 2.2)
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)
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¢

Wash twice with 730ul of 75%: ethanol &
Air-drv, add 5ul. RNase free water

Figure 2.2RNA isolation using TriReagent from serum
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2.4.4 RNA Quantification using NanoDrop

RNA was quantified spectrophotometrically at 260nmmd 280nm using the
NanoDrop® (ND-1000 spectrophotometer). AlLlaliquot of RNA was placed on the
nanodrop pedestal. The ND-1000 software autométicalculated the quantity of
RNA in the sample based on an £&§of 1 being equivalent to 40mg/mL RNA. The
software simultaneously measured the,gDf the samples allowing the purity of the
sample to be estimated from the ratio of @MD,g, This was typically in the range of
1.8-2.0. A ratio of <1.6 indicated that the RNA nmrant be fully in solution.

2.4.5 Total RNA Analysis using the Bioanalyser

The Agilent 2100 Bioanalyser is a microfluidics-edsplatform for the analysis of
proteins, DNA and RNA. The miniature chips are mdaten glass and contain a
network of interconnected channels and reservaéine. RNA 6000 Nano LabChip kit

was used for this study.

RNA 6000 Nano Labchip kit contains all componergguired for the procedure,
standard protocol was performed as per manufaturestructions. In brief, RNA Gel
Matrix was vortexed and 55Q added into top receptacle of spin filter and dé&nged

at 4,000 rpm for 10 minutes. RNA dye concentrate wartexed for 10 seconds and
1uL added to 6AL of RNA gel matrix, and then vortexed to mix, gile mix was then
centrifuged for 10 minutes at 14,000 rpm. RNA saspb be analysed and RNA ladder

were heat denatured at 70°C for 2 minutes.

9uL gel-dye mix was added to the appropriate welig; plunger was then pressed to
allow gel-dye mix to enter channelgil5of fluorescent dye marker was added to each
well, followed by JL of denatured RNA sample per welllll RNA ladder was added
into the well marker ladder to allow for size compan of RNA samples. The chip was

then vortexed at 2,400 rpm for 1 minute.

The Agilent Bioanalyser instrument is fully autoed@and electrophoretically separates

the RNA samples. The resulting data is represestexh electropherogram (figure 2.3).

The fluorescence was measured on the Y-axis antinieein seconds is measured on
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the X-axis. The first peak on the graph at 22.508ds represents the RNA marker,
which acts as a control for each well. The secoedkpat approximately 25 to 28
seconds represents the small RNA fraction; inclydmRNAs. The third and fourth

peak at approximately 41 and 47.5 seconds représerit8S and 28S ribosomal RNA.
The height of peaks represents the quantity of RiNAach fraction. Figure 2.2 shows
an example of good quality cell RNA, the 18S an8 Z®osomal RNA peaks are quite
sharp. As RNA degrades, the 28S RNA peak decreaséssmaller fragments are
visible.
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Figure 2.3Electropherogram generated using the Agilent Bitysesa.
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2.4.6 End-Point RT-PCR analysis

2.4.6.1 DNase treatment of RNA

Total RNA was pre-treated with RNase-free DNaserédmove any contaminating
genomic DNA. g of RNA was treated with 1U of RNase-free DNaseyere
(Promega, M6101) according to table 2.4. RNA wasllrated at 37°C for 30 minutes.

Reagent Volume

RNA in water 1-8uL
RQ1 RNase-free DNase 10X reaction buffer 1L
RQ1 RNase-free DNase 1U/ug RNA
Nuclease-free water to a final volume of 10uL

Table 2.4Preparation of master mix for DNA digestion reaatio

To this mixture L of RQ1 DNase Stop Solution was added to termittagereaction,

and mixture was incubated at 65°C for 10 minutaedotivate the DNase.
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2.4.6.2 Reverse transcription of DNase-treated RNA

Messenger RNA was copied to cDNA by reverse trapsse (Sigma, M1302) using
an oligo dT primer. Reverse transcription reacti@s performed in two steps. Step one
involved incubating fig RNA with the oligo dT primer and dNTPs for 10 wii@es at
70°C according to table 2.5. The reaction mixtur@s wwhen placed on ice and the
remaining components for step two of the reveraastription reaction were added

according to table 2.6.

Reagent Volume
DNase-treated RNA 1pug RNA in 11uL
10mM dNTPs (Sigma, DNTP100) 1L
50uM oligo dT (MWG) 1luL

Table 2.5Preparation of reaction mix for step 1 of reveraagcription

Reagent Volume
10X MMLYV Reverse Transcriptase Buffer — 2uL

MMLV 1ul
RNase Inhibitor (40YyIL) (Sigma, R2520) 0.5uL

Nuclease-free water 3.5uL

124

Table 2.6Preparation of reaction mix for step 2 of reveraagcription

Reaction mixtures were allowed to stand at roonptgature for 10 minutes, and were
then incubated at 37°C for 50 minutes to allowt fatand synthesis, followed by 10
minutes at 80°C to denature the MMLYV reverse trapsse. The resultant cDNA was
stored at -20°C until required. Minus RT negativatmls were also prepared for each
set of reactions, water was added instead of MMh¥y&ne for the reverse transcription
reaction. The resultant mix was then used as tdmplar the PCR reaction. No

amplification should be detected from the —RT anistrif a band is amplified this

indicates that there is genomic DNA contaminatiothie isolated RNA.
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2.4.6.3 PCR

The cDNA was analysed for the expression of gefhasterest by PCR. Table 2.7 lists
the standardised PCR mix which did not change fagmitly throughout this thesis.
2.51L cDNA was added to the following reaction mixtitable 2.7). The samples were

mixed and centrifuged before being placed on teentlocycler (Biometra).

Reagent Volume

10X PCR buffer 2uL
25mM MgCh 2.8uL
10mM dNTPs (Sigma, DNTP100) l.6uL
10mM Forward primer (MWG) 1uL
10mM Reverse primer (MWG) 1uL
Tag DNA polymerase (Sigma, D4545) 0.2uL
Nuclease-free water 8.9uL

Table 2.7PCR reaction mixture

A typical PCR protocol is outlined below. Howevemaaling temperatures can vary
from primer set to primer set therefore a full dtthe primers used in this thesis and
the annealing temperatures are listed in table 2.8.

95°C for 3 min (Denaturation step)
Followed by
30 cycles of:
95°C for 30 seconds (Denaturation)
52-60°C for 30 seconds (Annealing)
72°C for 1 minute (Extension)
And
72C for 7 min (Extension)

Resultant PCR products were stored at -20°C uhtly twere analysed by gel
electrophoresis.
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Forward & Reverse Primer 5’-3’ Annealing  Product
Temperature Size
(bp)

Oct-4 GTAAGCTGCGGCCCTTGCTG 54°C 165
GGCACTGCAGGAACAAATTCT

c-myc GGCGGGCACTTTGCACTGGA 60°C 190
CGCGGGAGGCTGCTGGTTTT

Klf4 GCAGCCACCTGGCGAGTCTG 62°C 130
CCGCCAGCGGTTATTCGGGG

Sox2 TAAATACCGGCCCCGGCGGA 59°C 520
GGCGCCGGGGAGATACATGC

Nanog TGAACCTCAGCTACAAACAG 52°C 154
TGGTGGTAGGAAGAGTAAAG

Amylase GATGGCGCCAAATAAGGAAC 53°C 197
GACATCACAGTATGTGCCAG

Sox17 CTCGACGGCTACCCGTTGCC 62°C 674
TCCTTAGCTCCTCCAGGAAGTGTG

Cxcr4 AGTTGATGCCGTGGCAAACTGGTA |58°C 346
CAGGATAAGGCCAACCATGATGT

Foxa2 GAGGACAAGTGAGAGAGCAAGTGG | 59°C 235
AGGAGTCTACACAGTAGTGGAAAC

Hnf4aq, AGATTGCCAGCATCGCAGATGTG 58°C 224
TGCCGAGGGACAATGTAGTCATT

Pdx1 CGGACATCTCCCCGTACGAGGT 57°C 180
TCATCCATGGGAAAGGCAGCTGG

HIxb9 ACTGCTCCTCGGAGGACGACTC 57°C 587
CCAGCAGTTTGAACGCTCGTGAC

Ngn3 CACTCGCACACGGGGGAACT 56°C 245
TGGTGAGCTTCGCGTCGTCT

Nkx6.1 TGGCCTGTACCCCTCATCAAGGA 57°C 216
ACTTGGTCCGGCGGTTCTGGA

Ptfla TCCATCAACGACGCCTTCGAGG 56°C 294
GGGAGGGAGGCCATAATCAGGGT

Nkx2.2 GTCCAGGCCCAGCAGTGGACTT 58°C 348
AACGCTGGGACGGTTTGGTCC
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Pax4 TTGCCTGGCCCTGCCTCGAT 56°C 446
TTTTTGGGGATGCATGCTGGAAGATTT

Insulin AGCCGCAGCCTTTGTGAACCAACA 57°C 326
TTCCATCTCTCTCGGTGCAGGAGGCG

Ghrelin GAATCAAGCTGTCAGGGGTTC 52°C 145
CTAAACTTAGAGAGAGGTGAGTAAG

Somatostatin TTTGACCAGCCACTCTCCAGCTC 57°C 357
TGCAGCCAGCTTTGCGTTCTCG

Glut2 CTCACTATAGACATGTTTTGGGTGT 52°C 370
AGTCCTGATATGCTTCTTCCAGC

Glucagon AGGCAGCTGGCAACGTTCCCTTCA 57°C 382
GCCAAGTTCTTCAACAATGGCGACC

N-cadherin | GTGCCATTAGCCAAGGGAATTCAGC 62°C 370
GCGTTCCTGTTCCACTCATAGGAGG

CK-12 GAAGAAGAACCACGAGGATG 54°C 146
TCTGCTCAGCGATGGTTTCA

CK-3 CGTACAGCTGCTGAGAATGA 53°C 261
CTGAGCGATATCCTCATACT

ABCG2 GGTTTCCAAGCGTTCATTCAAA 54°C 112
TAGCCCAAAGTAAATGGCACCTA

ANp63 CTGGAAAACAATGCCCAGAC 55°C 198
GGGTGATGGAGAGAGAGCAT

B-actin CGGGAAATCGTGCGTGACAT 55°C 228

GGAGTTGAAGGTAGTTTCGTG

Table 2.8List of primers used in this study.
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2.4.6.4 Gel Electrophoresis of PCR products

1% agarose (Sigma, A9539) gels were used for PGRIgetrophoresis, which were
prepared and run in 1X TAE prepared with 10X TABc&t (121g Tris base, 9.3g
EDTA, 28.5mL glacial acetic acid and made up torbDQvith UHP). The gel was then
poured into an electrophoresis unit and supplendemigh SuL ethidium bromide
(10mg/mL) per 50mL gel. Ethidium bromide is a dyattbinds to double stranded
DNA by interpolation (intercalation) between thesbgairs. Here it fluoresces when
irradiated in the UV part of the spectrum. Samp&liswvere formed by placing a comb
into the top of the gel prior to hardening.

To prepare the PCR product samples for electrogimraiL of 10X loading buffer
(30% Glycerol, 0.1M EDTA, 0.25% bromophenol bluedaaip to 10mL with water)
was added to 200 PCR product and the mixture was loaded to the vgéh an
appropriate size marker (Sigma, P1473). The gels wiectrophoresed at 100V for 45
minutes. The gel was viewed with a gel analyzer EgrChemi Il Darkroom, UVP
Laboratory Products) and photographed using Labsveofttware (UVP).
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2.4.7 Quantitative real time miRNA RT-PCR (gqRT-PCR)

2.4.7.1 Reverse Transcription of miRNA (cDNA Synth&s)

For reverse transcription of miRNAs, cDNA was reseetranscribed from total RNA

samples using specific mIRNA primers from the TagMdicroRNA Assays and

reagents from the TagMan MicroRNA Reverse Transompkit (Applied Biosystems)

(figure 2.4).

Coycle #1

Cycle #2

step 1 =RT

Extension of primsr on miRMNA

Synthesia of first cDMNA strand

5 ’ 5

step 2 = Real-Time PCR
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Extension of primesr on cDMNA
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Syntheeis of ascond cDMA strand
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u,
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PCR amplification of cDRNA
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5° 3"
i
Reverzs primsr

Figure 2.4 Two-step reverse transcription PCR of miRNAs
www.appliedbiosystems.com).
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For each miRNA to be reverse transcribed a spembped RT primer was used to
reverse transcribe that specific miRNA (figure 2E9r multiple miRNAs to be reverse
transcribed from the same RNA sample, multiple ieas needed to be performed, as
only a single miRNA species was reverse transcrgedeaction.

Based on the nanodrop concentration reading, ®MA was diluted to 2nglL in
RNase free water & of diluted RNA was added to an eppendorf tubee RIT-primer
for the specific miIRNA to be reverse transcribead $he components of the TagMan
microRNA reverse transcription kit were allowedti@aw on ice. Once thawed, reverse
transcription master mix was prepared as per talle Volumes from table 2.9 were
scaled up when multiple reverse transcription reastwere performed, plus an extra

10% excess was made up to allow for pipetting sse

Reagents Master Mix Volume / 15uL reaction

100mM dNTPs 0.15uL
MultiScribe Reverse Transcriptase, 5QU/ 1.0QuL
10x Reverse Transcription Buffer 1.5QuL
RNase Inhibitor, 204uL 0.19uL
Nuclease-free water 4.16.uL
Total 7.0QuL

Table 2.9miRNA reverse transcription master mix

For each 1fL reverse transcription reactiontl5 RNA (diluted to 2ngdL), 7uL master
mix and 3IL TagMan RT-primer were added to a tube, mixed lbytexing, and
centrifuged to bring mixture to the bottom of thbé. Reaction tubes were incubated on
ice for 5 minutes before loading onto BioMetra Tiertmocycler, thermocycler

parameters are outlined in table 2.10.

Step Type Time (minutes) Temperature (°C)

Hold 30 16
Hold 30 42
Hold 5 85
Hold 0 4

Table 2.10Thermocycler parameters for microRNA reverse trapgon reaction
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2.4.7.2 TagMan real-time miRNA PCR

TagMan probes are oligonucleotides that have feaaet reporter dyes attached to the
5' end and a non-fluorescent quencher coupledet@'tend. These probes are designed
to hybridize to an internal region of a PCR produat the unhybridized state, the
proximity of the fluorophore and the quencher moles prevents the detection of
fluorescent signal from the probe. During PCR, whika polymerase replicates a
template on which a TagMan probe is bound, thallease activity of the polymerase
cleaves the probe. This decouples the fluoresogmtttius, increasing the fluorescence

in each cycle proportional to the amount of proleavage.

TagMan microRNA assays and TagMan universal PCR tanamix (Applied
Biosystems) were used for miRNA PCR analysis ia #tiudy. cDNA synthesised as per
section 2.4.7.1. was used as the template for R&2RBtions. Each PCR reaction was
performed in triplicates. In order to exclude amplification product derived from
genomic DNA or any other contaminant that couldtaomnate the RNA preparation,
total RNA without reverse transcription was used aasiegative control. As an
additional control, water on its own was amplifiad a negative control to rule out

presence of any contaminating RNA or DNA.

PCR master mix was prepared as described in tafils 2nd were scaled up when
multiple PCR reactions were performed, plus anaeitid% excess was prepared to

allow for pipetting losses.

Reagents Master Mix Volume / 20uL reaction

TagMan Universal PCR master mix 10.0QuL
RNase-free water 7.67uL
Total Volume 17.67uL

Table 2.11miRNA PCR master mix

For each 20L PCR reaction, 1.38. cDNA (prepared from section 2.4.7.1), 1.&7
master mix and L TagMan miRNA assay mix (containing PCR primerd dagMan
probe) were added per well of a MicroAmp fast cgiti@6-well reaction plate (Applied

Biosystems). Plates were then sealed with optidaksive film (Applied Biosystems)
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and run on the 7500 Fast Real-time PCR system @diogpto the cycling parameters in
table 2.12, on the 9600 emulation mode.

Step AmpliTaq Gold® PCR
Enzyme Activation
Hold Cycle (40 cycles)
Denature Anneal/Extend
Time 10 min 15 sec 60 sec
Temp (°C) 95 95 60

Table 2.12Thermocycling parameters for miRNA PCR

MiRNA real-time PCR analysis in this study was preied using the TagMan miRNA
assays outlined in table 2.13.

Real-time PCR data was analysed using the compareicle threshold (& method,

which involves comparison of the Galues of the samples of interest with a control o
calibrator sample (such as an untreated sample) Glvalues of both the calibrator and
the samples of interest are normalised to an apjptependogenous control, generating

aAC; for both the sample of interest and the contrbbicator samples.
AC; = G [target] — G[endogenous control]
AAC; is then calculated as the difference betw&€pfor the sample and calibrator.
AAC; = AC;[sample] -AC;[calibrator]

Relative quantification (RQ) of target expressiscalculated from the equation below
as a difference of one @ equal to 2 fold change in expression level.

RQ values greater than one indicate an increasgpression, while RQ values between

zero and one indicate a reduction in expressiogldev
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Target miRNA Supplier Assay ID
hsa-mir-376a# Applied Biosystems 4378104
mmu-mir-369-5p Applied Biosystems 4378118
hsa-mir-130a Applied Biosystems 4373145
hsa-mir-27a Applied Biosystems 4373287
hsa-mir-410 Applied Biosystems 4378093
mmu-mir-124a Applied Biosystems 4373295
hsa-mir-200a Applied Biosystems 4378069
mmu-mir-337 Applied Biosystems 4373338
hsa-mir-532 Applied Biosystems 4380928
hsa-mir-320 Applied Biosystems 4373055
mmu-mir-192 Applied Biosystems 4373308
mmu-mir-379 Applied Biosystems 4373349
hsa-mir-375 Applied Biosystems 4373027
hsa-mir-9 Applied Biosystems 4373285
hsa-let-7b Applied Biosystems 4373168
hsa-mir-140 Applied Biosystems 4373138
hsa-mir-21 Applied Biosystems 4373090
hsa-mir-24 Applied Biosystems 4373072
hsa-mir-29a Applied Biosystems 4373065
hsa-mir-29c Applied Biosystems 4373289
hsa-mir-30d Applied Biosystems 4373059
hsa-mir-345 Applied Biosystems 4373039
hsa-mir-28 Applied Biosystems 4373067
hsa-mir-16 Applied Biosystems 4373121

Table 2.13TagMan miRNA assays used for analysis of miRNA egpion in MIN6
cells and diabetes serum study.
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2.4.8 TagMan Low Density miRNA arrays (TLDAS)

TagMan low density miRNA arrays (TLDAS) consist af384-well microfludic card
used for performance of 384 simultaneous real-tRadR reactions (figure 2.5). Each
well contains a different set of TagMan primers amdbes, for detection of a single

MIiRNA target. One RNA sample is used per card]ltavafor profiling of 384 targets.

Tagman Ports
assay
o @
- - -. - '-" ‘
- - "' - -_"I' " - "“... F 4
- . --ri..-"‘"..'_' i

Figure 2.5 TagMan Low Density miRNA array format (image from
www.appliedbiosystems.com).

Reverse transcription of miRNAs for use on TLDA dsarwere performed using
TagMan Multiplex RT-primer pools. These Multiplexogls consisted of 8 separate
primer pools, and each pool containing 48 differBitprimers allowing for reverse
transcription of 48 different miRNAs per pool. Egatimer pool corresponds to a port
on the TLDA card, therefore 8 different primer poallowed for reverse transcription
of the 384 targets to be detected by the TLDA.

RNA was isolated (as per section 2.4.1 for MIN6 Hd) and section 2.4.3 for diabetes
serum TLDAs) and quantified (as per section 2.4dgording to quantification reading
RNA was diluted to 50ngL with RNase-free water.|.2. RNA was required per RT-
reaction, as 8 RT-reactions were required to rush @DA card, therefore 18 of

diluted RNA was required.

80



Each RT-reaction master mix was prepared as pér fab4. For each samples 8 RT-

reactions were prepared, plus and extra 10% excedlow for pipetting losses.

Reagent Volume for one  Volume for one sample
RT-reaction (8 RT-reactions)

100mM dNTPs 0.2QuL 1.6uL
MultiScribe reverse transcriptase, 2.0QuL 16.0uL
50U/l

10X reverse transcription buffer 1.0QuL 8.0uL
RNase Inhibitor, 204uL 0.1251L 1.0uL
RNase-free water 3.679uL 29.4uL
Total 7.0QuL 56.0uL

Table 2.14MultiPlex miRNA reverse transcription master mix

Eight tubes were prepared per sample, for 8 maklipéverse transcription reactions, to
each tube {L master mix, RL diluted RNA, and [iL of the appropriate MultiPlex RT-
primer pool were added. Tubes were mixed gently@rdrifuged to bring solution to
the bottom of tube and stored on ice for 5 minutefore loading thermocycler.

Thermocyler parameters are outlined in table 2.15.

Step Type  Time (minutes) Temperature (°C)

Hold 30 16
Hold 30 42
Hold 5 85
Hold o0 4

Table 2.15Thermocycler parameters for MultiPlex miRNA revensascription.

The generated cDNA was then diluted 62.5 fold bgiragl 615uL of RNase-free water
to each of the 8 RT-reactions. 8 PCR master mix@asspmple were prepared, as

outlined in table 2.16, for each RT-reaction.
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Reagent Volume per fill reservoir

Diluted RT-reaction 50uL

X 50uL
Total 10QuL

TagMan universal PCR master i

Table 2.16PCR master mix for miRNA TLDA

Tubes were mixed and centrifuged to bring solut@rihe bottom of tube. 1QQ of

master mix from table 2.16 was loaded into theesponding port on the TLDA card,
i.e. RT-reaction mix generated from MultiPlex primmool 1 was loaded into port 1
(figure. 2.5). Once all the ports were loaded théA card was centrifuged at 1,200
rpm for 2 consecutive 1 minute spins. TLDA cardsrevéhen sealed and the ports
removed, cards were then loaded onto the 7900HT Feed-Time PCR instrument on

standard mode, with thermocycling parameters cedlim table 2.17.

Step AmpErase UNG  AmpliTaq Gold® PCR
Activation Enzyme Activation
Hold Hold Cycle (40cycles)
Denature Anneal/Extend
Time 2 min 10 min 30 sec 60 sec
Temp (°C) 50 94.5 97 59.7

Table 2.17Thermocycler parameters for miRNA TLDA analysis
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2.5 Collecting Serum from blood

Diabetes and control serum specimens were colldaye®r. Ana Rakovac Tisdall,
Connolly Hospital Blanchardstown. Two blood speaisief approximately 10mL were
taken with consent from each patient recruitedtierdiabetes and control serum study.
From the collected blood samples, the red bloots esetre allowed to clot naturally.
These specimens were processed within 3-4 houtdoold draw. Serum specimens
from control volunteers (no history or symptomsdadbetes) were also collected and

processed the same way.

Blood specimens were processed by removing thersémm the clotted blood and
placing into a 10mL centrifuge tube. The tubes w#ren centrifuged at room
temperature for 15 minutes at 400 rcf (relativetergal force). After centrifugation
the cleared serum was carefully removed and patsedgh a 0.45um filter to further
ensure no particles / platelets were retained. Sdram was then aliquoted into 1mL
aliquots and stored at -80°C until required. Segpacimens were coded according to
the order they arrived in DCU at e.g. DCU serund$-1), DCU serum 2 (DS-Zc.
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2.6 Label-free LC-MS serum proteomics

Proteomic analysis was performed on serum samptes hewly diagnosed type 1
diabetes (T1DM new), established diabetes (T1DN), afthtched controls (control new
and control old) and autoimmune samples. Serum lesmpere prepared using the
ProteoMinef” Protein Enrichment Kit (BioRad, 163-3007). Protén&t™ is a
column-based technique, with the column containndnighly diverse bead-based
library of peptide ligands. High abundance protesaturate their high affinity ligands
and excess protein is washed away, while low abwearoteins are concentrated on
their specific ligands. ProteoMinét columns were prepared according to
manufacturers instructions, 1mL of serum was th@slied to column and rotated end-
on-end for 2 hours to allow binding of protein igahd. Column was then washed and

proteins eluted in 3QQ of elution buffer.

50uL of elute was then processed using the ReadyFDe@l2anup Kit (BioRad, 163-
2130) according to manufacturers instructions. Thkitsallows for precipitation of
protein leaving behind salts, detergents and nucheid contaminants. Precipitated
protein was resuspended in LQ0of MS grade water. Protein concentration was
assessed using Quick-Start Bradford Dye ReagentBiRad, 500-0205). Protein
samples were diluted 1:4 with water, therLSiluted sample was added per well of a
96 well plate. Each sample was analysed in trifdicA0QuL of Bradford reagent was
added to each sample and incubated for 15 mintitess.absorbance was then read at
595nm. Using the concentration calculated from Bmadford assay, 2@y of each

sample was used for the digestion steps.

To prepare protein samples for digestion, samplke® irst incubated with . 5mM
dithiothreitol reducing agent for 30 minutes at@G7uL of 25mM iodoacetamide was
then added to each sample and incubated in the fimrk20 minutes at room
temperature. Digestion of protein samples was pedd with Endoproteinase Lys-C
(Promega, V1071) at a ratio of 100/1, protein/enzymiw, i.e. 2Qg of protein was
digested with 0.2ug of Endoproteinase Lys-C. Samplere incubated at 37°C for 3
hours to allow the digestion to occur. Samples vgetesequently digested with trypsin

(sequence grade, Promega). yL.50f trypsin and 8QL of 50mM ammonium
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bicarbonate was added to each sample and inculoasthight at 37°C. Following
overnight incubation 2% trifluoroacetic acid (TFAnd 20% acetonitrile were added to

each sample to stop the trypsin digestion.

To prepare the samples for MS analysis, digestaqutiges were processed using
PepClean C-18 Spin Columns (Pierce, 89870) acagidinmanufacturer’s instructions
to remove interfering contaminants and chemicatptile samples were eluted in&0
of 80% ACN/water v/v, dried down using a speed-{M&XI| dry plus) and stored at -
20°C until required. Samples were resolubilise@@pL of LC-MS grade water with
0.1% TFA and 2% ACN. 44l was then transferred to glass vials. Mass spedtxy
was performed by Dr. Paul Dowling. Peptides werst fsubmitted to the nano-LC-
MS/MS using an Ultimate 3000 system (Dionex) codptean LTQ-Orbitrap XL mass
spectrometer (Thermo Fisher Scientific) operatmgasitive mode with a spray voltage
of 1.6kV. 6.5uL of each sample was injected onto a C18 precol¢8@fum inner
diameter x 5mm; Dionex) at gb/min in 5% ACN, 0.05% TFA. After a 3 minute
desalting step, the precolumn was switched onik the analytical column ({8n
inner diameter x 25cm PepMap C18; Dionex) equitdmtan 98% solvent A (2% ACN,
0.05% TFA) and 2% solvent B (98% ACN. 0.04% FA)pties were eluted using a
10-35% gradient of solvent B during 150 minutes &00nL/min flow rate. Data were
acquired with Xcalibur software version 2.0.7 (Ter Fisher Scientific). The mass
spectrometer was operated in the data-dependent @mnodl was externally calibrated.
Survey MS scans were acquired in the Orbitrap & 3080-2000m/z range with the
resolution set to a value of 60,000 at m/z 400tdJpeven of the most intense multiply
charged ions (1+, 2+ and 3+) per scan were CIDnieaged in the linear ion trap. A
dynamic exclusion window was applied within 40s| findem mass spectra were
collected using a normalized collision energy d¥@3an isolation window of 3m/z, and

one microscan.
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2.6.1 Validation of proteomics targets

ELISAs were used for validation of targets ideetififrom proteomic profiling study

(section 2.5). Validation was performed on the s&8mewly diagnosed type 1 diabetes
(T1DM new), established diabetes (T1DM old), andaied controls (control new and
control old) serum specimens used for the profigrgeriment, as well as an additional

22 T1DM old and control old specimens

2.6.1.1 Vitronectin

A vitronectin ELISA kit was sourced from Americanagnostica GmbH (803). Serum
specimens to be analysed were diluted by a facto#,@0 using dilution buffer.
Standards were reconstituted as per manufacturesteuctions using dilution buffer.
10QuL of diluted samples or standards were added tb &adl, and incubated for 1
hour at room temperature on a shaker at 250rpm.pldte was then washed 4 times
using wash buffer and excess liquid was removedn ftbhe plate by tapping on
absorbent paper 4-5 times between each wash €6plL bf detection antibody was
added to each well and incubated for 1 hour at remmperature on a shaker at 250rpm.
The plate was then washed 4 times using wash bufer excess liquid was removed
after each wash step by tapping plate on absopagrer. 100L of substrate was added
and incubated for 5 minutes at room temperaturgL 5@op solution was added and
plate was read at 450nm. A polynomial standardewas plotted using the absorbance
of the standards, using the equation of the lire thronection concentration was

calculated for each sample.

2.6.1.2 Clusterin

A clusterin ELISA was sourced from Phoenix Pharmécals (EK-018-35). Serum
specimens to be analysed were diluted by a facto6,000 using assay buffer.
Standards were reconstituted as per manufactunestsuctions using assay buffer.
300uL assay buffer was added to each well of the ELjs#te and allowed to stand for
5 minutes, buffer was then removed and plate tagpedbsorbent paper to remove
excess liquid. 10d. of diluted samples or standards were added tt eesl and
incubated for 2 hours at room temperature on aeshak350rpm. Plate was washed
four times using assay buffer, plate was tappedimsorbent paper to remove excess
liquid between each wash step. iD®f detection antibody was added to each well and
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incubated for 2 hours at room temperature on aepdaiaker at 350rpm. Plate was
washed four times, tapping on absorbent paper leetveach wash. 1Q0Q substrate
solution was added and incubated for 30 minute®@nh temperature on a shaker at
350rpm. 10QL stop solution was added and absorbance was te#Dam on a plate
reader. Standard curve was plotted as log condemtngersus log absorbance. Equation

of the line was used for calculation of clustemmcentration in serum specimens.

2.6.1.3 Vitamin K-dependent protein S

A vitamin K-dependent protein S ELISA was sourceshf USCN Life Science Inc.
(E1971h). Serum specimens to be analysed weresdily a factor of 10 using sample
diluent. Standards were reconstituted as per manut’s instructions using sample
diluent. 5QiL of diluted samples or standards were added th &aadl, followed by
50uL of detection reagent A, and incubated for 1 hauB7°C. The plate was washed
three times using wash buffer, and tapped on absbrnpaper after the last wash to
remove excess liquid. 100 detection reagent B was added and incubated %or 4
minutes at 37°C. The plate was washed five timagbh wash buffer, and tapped on
absorbent paper after last washuP®f substrate solution was added to each well and
incubated at 37°C for 30 minutes.phOof stop solution was added and absorbance read
at 450nm on a plate reader. A 4-parament logisséisdard curve was plotted and using
the equation of the line vitamin K-dependent pmot& concentration in serum

specimens was calculated.

2.6.1.4 Apolipoprotein L1
An apolipoprotein L1 ELISA kit was sourced from USCife Science Inc. (E9374Hu).

Serum specimens to be analysed were diluted bytarfaf 5 using PBS. Standards
were reconstituted as per manufacturer’'s instraostigsing standard diluent. 400 of
diluted samples or standards were added to eadtamatincubated for 2 hours at 37°C.
Liquid was removed from wells, and without washid@QuL of detection reagent A
was added and incubated for 1 hour at 37°C. The plas washed three times using
wash solution and tapped on absorbent paper aitdr wash to remove excess liquid.
10QuL of detection reagent B was added to each welliaadbated for 30 minutes at

37°C. The plate was washed five times using wasltigon, and tapped on absorbent
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paper after each wash.|10of substrate solution was added to each wellinodbated
for 15 minutes at 37°C. hQ stop solution was added to each well and abscdaead

at 450nm on a plate reader.

88



2.7 Serum metabolite profiling

Overnight fasting whole blood specimens were ctél@drom newly diagnosed type 1

diabetes patients (n=8) and age/BMI/gender mat¢teadthy controls (n=8). Samples

were processed as outlined in section 2.5 andtiegerum specimens were stored at -
80°C until required. Serum specimens (@J0were shipped on dry-ice to Metabolon

Inc., North Carolina, USA, where the metabolomicfiing was performed.

Metabolon incorporates three independent compliargntanalysis platforms to
maximise the number of small molecules and metasothat the combined systems
can identify and measure. Two independent ultré&-higerformance liquid
chromatography / tandem mass spectrometry (UHPLI¥NBR) injections (one
optimised for basic compounds, and the other fati@compounds) and one GC/MS

injection per sample are performed.

Firstly, small molecules were extracted from segpacimens using methanol to allow
precipitation of proteins. The extract supernataas$ then split into four equal aliquots;
two for UHPLC/MS, one for GC/MS and one reserveuadit. Aliquots were then dried

overnight to remove solvent.

For the UHPLC methods, one aliquot was reconstitite5QuL 0.1% formic acid and
the other in 50L 6.5mM ammonium bicarbonate pH 8.0. For GC/MS wsia| aliquots
were derivatized using equal parts N,O-bistrimedityltrifluoroacetamide and a solvent
mixture of acetonitrile:dichloromethane:cyclohexgbed:1) with 5% triethylamine at
60°C for 1 hour. All reconstitution solvents contd instrument internal standards used

to monitor instrument performance.

UHPLC/MS was carried out using a Waters Acquity WdRcoupled to an LTQ mass
spectrometer equipped with an electrospray iormpatsource. Two independent
UHPLC/MS injections were performed on each samplee acidic injections were
monitored for positive ions and the basic injecsiavere monitored for negative ions.
The derivatized samples for GC/MS were analyzea dimermo-Finnigan Trace DSQ

fast-scanning single-quadrupole MS.
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The resulting MS/MSdata was then searched against Metabolon’s referstandard
library. This library was generated from 1500 stadd and contains the retention
time/index, mass to charge (m/z), and MS/MS spkdasa for all molecules in the
library, including their associated adducts, infseufragments, and multimers. The
library allows identification of experimentally @éeted metabolites based on a multi-
parameter match basis. All identifications and difiaations were subjected to QC to

verify the quality of the identification and peakagration.

2.7.1 Validation of metabolomics target — Fibrinopptide A

Validation of metabolite target was performed oa fame 8 T1DM new and control
samples as well as 30 T1DM old and control old damg-ibrinopeptide A ELISA was
sourced from Hyphen BioMed (catalogue number RKQl&erum specimens to be
analysed were diluted by a factor of 1,500 usinqy@a diluent. Standards were
reconstituted as per manufacturer’s instructionagusample diluent. 1QQ of anti-
FPA antibodies were added to 1mL diluted samplestanmrdards in an eppendorf tube,
and incubated at 37°C for 1 hour. 2Q0of sample/antibody or standard/antibody mix
was added to each well of ELISA plate, and incutbdde 1 hour at room temperature.
The plate was washed five times using wash solut®dQuL antibody conjugate
solution was added to each well and incubated foour at room temperature. The plate
was washed five times using wash solution..i208ubstrate solution was added to each
well and incubated for 5 minutes at room tempegatbfuL stop solution was added
and incubated for 10 minutes, and then absorbamseread at 450nm. Standard curve
was plotted as log concentration versus log absadjaand FPA concentration of

samples was calculated using the equation of tiee li
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3.0 Results
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3.1 MicroRNAs involved in glucose stimulated insuli secretion in MING cells

This study set out to investigate the mechanismsegtilated insulin secretion; in
particular the role miRNAs might play in this prese As no human pancreatic beta-cell
lines are currently available, a murine insulinoo®l line which exhibits regulated
insulin secretion was used. However, with increggime in culture MING cells lose
their glucose responsiveness. To investigate asgiple role that miRNAs might play
in regulated insulin secretion, miRNA analysis vpa&sformed on low passage glucose

responsive and high passage glucose non-respaeiise

3.1.1 Identification of glucose responsive and nomesponsive MING cells

The responsiveness of pancredticells to glucose is measured as a fold change in
insulin secretion (protocol outlined in section.2,2.2.2 and 2.2.3). This fold change
indicates the increase in insulin secreted in nespdo stimulatory concentrations of
glucose (16.7mM glucose) compared to basal ingdoretion (3.3mM glucose). With
increasing time in culture, this GSIS fold changerdases (figure 3.1.1).

MING6 cells were continuously cultured while monitey GSIS at each passage to
determine at which passage GSIS reached a mininewel. | Insulin secretion was
measured by ELISA, and data was normalised usiaggior assay to determine insulin

secretion per mg of protein.
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Figure 3.1.1Increasing time in culture led to reduction of glse stimulated insulin
secretion (numbers above bars indicate fold chafigesulin secretion in response to
16.7mM glucose compared to 3.3mM glucose) (n=3jorEbars represent standard
error (except passage 39, error bars represeng rang).

Biological triplicate flasks were prepared and G®i8nitored at each passage, cell
pellets for RNA extraction were also prepared ahgaassage. With increasing passage
number average fold change decreases. Fold chamggtions between biological
triplicates are seen due to the sensitive natutbedMING cells. Passage 37 represents
the most reproducibly glucose responsive cellsh it average GSIS fold change of
3.3 (figure 3.1.1). Passage 40 represents the moosglucose responsive cells, with an
average GSIS fold change of 1.3 (figure 3.1.1).rétwee, passage 37 cell pellets were
chosen as the glucose responsive sample and pakdagéd pellets were chosen as the
non-glucose responsive sample for miRNA profilimglgsis. These passages are also
sufficiently close to limit other changes in thellge which could contribute to

differential miRNA expression.
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3.1.2 RNA quality control

RNA was isolated from biological triplicate cellllggs of MIN6 glucose responsive and
glucose non-responsive pellets (using techniquénedtin section 2.4.1). Total RNA
quality was assessed on the Agilent Bioanalyseznsure sufficient quality for miRNA

profiling analysis (section 2.4.5).
All traces show good quality RNA, with no signsdggradation (figure 3.1.2). Height

of 18S and 28S peaks indicate high yield of isola®NA. RNA appears to be of

sufficient quantity and quality to proceed with iR profiling analysis.

Pi7-1 P5P-2 PEP-3

M % 3 35 M1 45 50 55 &1 &5 |s|

Figure 3.1.2RNA traces of isolated RNA from Agilent Bioanalyser
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3.1.3 TagMan Low Density MicroRNA Arrays

TagMan Low Density microRNA arrays (TLDASs), availalfrom Applied Biosystems,

are 384-well micro fluidic cards used for perforroamf 384 microRNA real time PCR
reactions simultaneously (protocol outlined in swct2.4.8). Each well contains a
different TagMan primer and probe set, detectinigfarent microRNA.

At the time of experimentation TLDAs were only dable in human format. Therefore,
the human specific TLDAs were assessed for thetalsility to be used with murine
RNA. TLDAs are 384 well cards, 19 wells of whicheatontrols containing either
endogenous control assays or blank wells. The &B8aining wells represent 365
different human miRNAs. The sequence of each waseved from the miRNA

database - miRBasewfw.mirbase.org/ (Griffiths-Jones 2004; Griffiths-Jones,

Grocock et al. 2006; Griffiths-Jones, Saini et2008) and the human sequence was

compared against the murine equivalent sequen@sgess homology (figure 3.1.3).
242 of 365 sequences were found to be conservaeeebethuman and mouse. For a
further 121 sequences there was no murine equivaégistered in miRBase. The
remaining 2 miRNA sequences represent what are deseribed as “dead” miRNAs
i.e. sequences which were initially thought to be miRNoA% have more recently been

described as potential tRNA fragments.
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@ MiIRNAs common to human and
mouse (unchanged in glucose
responsive vs. non-responsive MIN6
cells)

B MiIRNAs common to human and
mouse (differentially expressed in
glucose responsive vs. non-responsive
MING cells)

B MIRNAs not present in mouse
(according to miRBase, and not
detected in MIN6 TLDAS)

B MiRNAs not present in mouse
(according to miRBase, but detected in
MING cells by TLDAs)

B Dead miRNAs

@ Controls

Figure 3.1.3Pie chart representation of 384 well human TLDAdc#42 miRNAs
were found to be common to human and mouse, 12 lo€hwwere identified as
differentially expressed in glucose responsive MIt8ls compared to glucose non-
responsive cells. A further 121 of the 384 miRNAe aot known to be present in
mouse according to the miRBase (release 18, Nove@®l), 21 of which were
detected by TLDA in MING cells (table 3.1.1). 2 fNRs (i.e. mir-594 and mir-565)
are now known to be dead miRNAs, and 19 wells d¢nstcontrol wells.
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3.1.3.1 Novel murine miRNAs

121 of 365 human miRNAs have no murine equivalegistered in miRBase.
However, 21 of these 121 miRNAs were reproducildiedted in all 6 TLDA cards run
with the murine MIN6 RNA samples, indicating thhese human miRNA sequences

may have a conserved murine homolog (table 3.1.1).

MIRNA Average CT

mir-515-3p 32.33
mir-517a 33.64
mir-517b 32.68
mir-517c¢ 33.46
mir-518c 32.61
mir-518d 32.22
mir-518e 32.88
mir-520f 34.88
mir-521 33.96
mir-518f 31.59
mir-519c¢ 32.53
mir-519e 32.09
mir-564 33.43
mir-596 29.97
mir-597 33.86
mir-617 31.94
mir-646 31.68
mir-650 31.56
mir-572 31.84
mir-512-3p 34.05
mir-659 31.96

Table 3.1.1Human miRNAs not previously known to have an ederahomolog in
mouse but detected by TLDA in MIN6 murine pancrefticells during the course of
this study (n=6).
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3.1.3.2 MiRNA profiling of glucose responsive compad to glucose non-responsive
MING cells

In order to identify miRNAs which may be responsilibr the loss of GSIS in MING
cells, miRNA profiling was performed on glucosepassive MING6 cells and glucose
non-responsive MIN6 cells using TagMan Low DensityRNA arrays (protocol
outlined in section 2.4.8). Endogenous controls RMURNU48 and RNU6B were
incorporated onto each plate; however, none ofetliemnscripts were detected in the
samples used. Therefore, miRNA let-7b was chosererasogenous control for
normalisation, as levels of this miRNA were unchethgn all samples. Fold changes
were calculated using the comparativer@thod detailed in section 2.4.7.2. Following
application of Student's-test, differentially expressed targets were idmai as
miRNAs with p-value < 0.05. Using this criterion tiiferentially expressed miRNAs
were identified (table 3.1.2). Mir-376a and mir-a24lthough just beyond the level of
statistical significance, were also added to tiasfbr further investigation as (section
1.5.1) these miRNAs are known to be highly exprésse pancreatic islets. All
differentially expressed miRNAs were down-regulated glucose non-responsive

compared to glucose responsive MING cells.

Of the 246 miRNAs on the human TLDA panel which &present in mouse (including
MiRNAs not thought to have a murine homolog, bueded in this study in MIN6
cells), 4.9% were differentially expressed in glsEoresponsive compared to non-
glucose responsive cells (table 3.1.2). Fold chasgpewn in table 3.1.2 are changes in
glucose non-responsive cells compared to glucag®resive cells. All 12 differentially
expressed miRNAs were down-regulated in non-GSIs cempared to GSIS cells
(table 3.1.2). This data was presented at RNAi 2868 poster appendix E).
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Fold Change

Target miRNA Glucose non-responsive Vs. P-value

glucose responsive MING cells

mir-376a -2.6 0.055
mir-369-5p -2.56 0.014
mir-130a -2.53 0.037
mir-27a -2.21 0.021
mir-410 -2.19 0.018
mir-124a -1.87 0.056
mir-200a -1.79 0.037
mir-337 -1.79 0.013
mir-532 -1.43 0.017
mir-320 -1.41 0.033
mir-192 -1.35 0.015
mir-379 -1.23 0.015

Table 3.1.2MiRNAs differentially expressed in glucose respeasand glucose non-
responsive MIN6 cells. Fold change indicates exgpoes levels in glucose non-
responsive MING cells compared to glucose respengilNG cells.
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3.1.3.3 Validation of TLDA targets

All 12 TLDA targets from table 3.1.2 were validateging single-plex RT-PCR
(protocol outlined in section 2.4.7). Each miRNAget is reverse transcribed in a
singleplex reaction. Table 3.1.3 shows resultsrafle-plex experiments. For the TLDA
experiment, let-7b was used as endogenous contrefalidation experiments, and

glucose responsive, P37 cells were designatedliasatar. Fold changes indicated are

for glucose non-responsive compared to glucoseresye cells.

TLDA results Single-plex Results

Fold change Fold change

Glucose non- Glucose non-

responsive Vs. Pvalue responsive Vs.

glucose responsive glucose responsive

mir-376a -2.6 0.055 -1.86 0.0029
mir-369-5p -2.56 0.013 -1.5 0.001
mir-130a -2.53 0.037 1.15 0.45*
mir-27a -2.21 0.02 1.3 0.15*
mir-410 -2.189 0.018 -1.1 0.7*
mir-124a -1.87 0.056 3.03 0.058*
mir-200a -1.79 0.037 -2.69 0.0005
mir-337 -1.79 0.01 -2.49 0.0018
mir-532 -1.43 0.017 -1.88 0.0044
mir-320 -1.41 0.03 -1.38 0.127*
mir-192 -1.35 0.015 -1.63 0.069*
mir-379 -1.23 0.0149 -1.56 0.038

Table 3.1.3Comparison of TLDA and single-plex validation reésuFold changes were
calculated using the comparative @ethod. Fold changes indicate changes in non-
glucose responsive cells compared to glucose resmorcells. (*indicates non-
statistically significant result).
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According to the single-plex validation experimenir-130a, mir-27a, mir-410, mir-
124a, mir-320 and mir-192 were not statisticallyngicantly differentially expressed in
glucose responsive compared to glucose non-respousils, as p-values are greater
than 0.05 (table 3.1.3). These results are comtjctvith TLDA results, where all

targets chosen were significantly differentiallypeassed between the two populations.

Mir-124a was 1.56 fold down-regulated according LA results, conversely, single-
plex validation experiments showed mir-124a up-tagad 3.03 fold (table 3.1.3). The
p-value of mir-124a result from TLDA experimentos the border of being statistically
significant; this miRNA was chosen as a target madigas, as it had previously been
shown to be involved in regulation of exocytosidated proteins (Plaisance,
Abderrahmani et al. 2006). P-value for mir-124arfrealidation experiment remained

on the border of statistical significance for sexglex validation experiments.
Single-plex validation experiments showed reducdd ¢hanges for mir-376a and mir-

369-5p, and improved fold changes for mir-200a,-33ir and mir-532 compared to
TLDA results (table 3.1.3).

101



3.1.3.4 Putative miRNA targets

Microarray and proteomic studies performed in hoigantified mRNAs (Gammell
2002; O'Driscoll, Gammell et al. 2006; Rani 2008y aroteins (Dowling, O'Driscoll et
al. 2006) differentially expressed in glucose rempe compared to glucose non-
responsive MIN6 and MING6 B1 cells. Here, bioinfotinaanalysis was performed on
these mMRNA and protein targets wusing the miRandagoridhm
(http://www.microrna.org/microrna/home.do) to detere if they could potentially be
regulated by the miRNAs identified as of interesthis study. A large number of these
MRNAs were found to contain putative binding sf@sthe target miRNAs, including
several mMRNAs of which could potentially be targetey more than one of the
identified miRNAs. Table 3.1.4 shows mMRNAs and eiwé which were up-regulated in
glucose non-reponsive cells, representing potenéiedets for the miRNAs down-
regulated in this cell population.
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MicroRNA MRNA (Gammell 2002; O'Driscoll, Gammell et Protein
al. 2006; Rani 2008) (Dowling,
O'Driscoll
et al. 2006)
mir-376a Fafl N/A
mir-130a Egrl, neuroDl, gap 43, txnip, Rgs4, MxiIN/A
IVNS1labp, meox2 (x2), ccna2, smn (x2), BMP6
mir-27a Isl1, Bhihb9, ube2gl, Pnrcl, meox2, FGF12, btg? DUT
mir-410 Pld1, Rgs4, Serfl, eya2 Hmgbl (x
mir-124a Egrl, Tribl, eif4db, meox2, ccna2, btg2, eya2 N/A
mir-200a Ceacaml, txnip, Jun, Rgs4, IVNSlabp (x2), spimgbl
Fafl
mir-320 Mxil (x2), bri3, FGF12 (x2), gnas, btg2 (x2), BMP®pplcb
mir-192 N/A Hmgb1l (x2)
mir-379 Duspl N/A

Table 3.1.4mRNAs and proteins previously identified in ourdadtory as up-regulated
in glucose non-responsive compared to glucose nsspd MIN6 and MING6 B1 cells
(Gammell 2002; Dowling, O'Driscoll et al. 2006; @'§xoll, Gammell et al. 2006; Rani
2008) with putative binding sites for miRNAs iddigd here by TLDAs (x — multiple
putative binding sites in target mRNA, N/A — norphpable, no putative binding sites
found in these MRNA sequences).
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3.1.4 Functional Validation of microRNA targets

Functional validation of miRNA targets was perfodni@ order to evaluate miRNA
effect on GSIS, using the protocol outlined in g@tP.2.4. Pre-mir and anti-mirs were
used for over-expression and knockdown of miRNAspeetively. All target miRNAs
were down-regulated in non-glucose responsive ,cillowing from this knockdown
of miRNA targets in glucose responsive cells wonddexpected to lead to a reduction
in GSIS. While over-expression of miRNA targets glucose non-responsive cells
would be expected to lead to an increase in theSG&sponse. However, as is often
observed in science, functional validation studiesy not always follow the trend
observed in the profiling study. To allow for tiessibility, functional validation over-
expression studies were performed in cells with @ISsresponse to ensure that
‘unexpected’ reductions in GSIS may also be obskrve

A time course assay was performed to determine lbag the effect of anti-mir was
present in the cell. As an example, cells were stented with anti-mir-532 to
knockdown expression of mir-532; anti-mir-negatiwas transfected into cells as a
control. RNA was collected at several time pointsnf anti-mir-532 and control
transfected cells and assessed for mir-532 levalsle( 3.1.5) (section 2.4.7). 96%
knockdown of miRNA levels was achieved after ondytburs, with knockdown only
decreasing slightly to 80% by 144 hours (figure8.1
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% mir-532

Treatment C; Mir-532 C; let-7b AC; AAC; RQ knockdown
24hrs | am-neg 30.463 26.186| 4.277 0 1 0
am-532 34.588 25.549| 9.039| 4.762| 0.037 96.3
48hrs | am-neg 30.029 25.649, 4.38 0 1 0
am-532 33.484 25.722| 7.761| 3.381| 0.096 90.4
72hrs | am-neg 29.798 25.214| 4.584 0 1 0
am-532 32.319 24.669| 7.65| 3.066|0.119 88.1
96hrs | am-neg 28.92 24.373| 4.548 0 1 0
am-532 32.603 24.844| 7.759| 3.211|0.108 89.2
120hrs | am-neg 28.53 24.111| 4.419 0 1 0
am-532 31.716 24.206| 7.51| 3.091|0.117 88.3
144hrs | am-neg 28.391 24.169| 4.222 0 1 0
am-532 30.418 23.788| 6.629| 2.407|0.189 81.1

Table 3.1.5Time course assay for knockdown of mir-532. Celisemransfected with
anti-mir-532 (am-532) or anti-mir-negative (am-nem)d levels of mir-532 measured at
set time-points. Let-7b was used as endogenousotdmit normalisation of PCR data.
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Figure 3.1.4Percentage knockdown of mir-532 levels in MINBséleated with anti-

mir-532 (am-532) and control anti-mir-negative (asg).
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A time point of 72 hours post-transfection was @mogor determination of GSIS
response following manipulation of miIRNA expressias anti-mir still exhibiting
approximately 90% knockdown of miRNA expressiorthed stage (figure 3.1.4). Also,
72 hours post transfection potentially allows tifaemanipulated miRNA to effect the

target mMRNA and allow any downstream effect on GSIBe detected.

Knockdown and over-expression experiments wereopadd for each target miRNA.
For miRNAs which exhibited an effect on GSIS, expents were carried out a large
number of times to establish if these effects wesproducible or just a random
variation in GSIS of MING6 cells. Results of indivdl assays can be seen in appendix
A. Biological triplicate experiments were then chwesfrom the large number of
individual assays as representatives of manipuiatbb each specific miRNA, the
Student’'st-test was then applied to determine if such changese of statistical

significance.

For miRNAs which did not exhibit effects on GSI&periments were performed at
least in biological duplicate. Anti-mir negativerepmir negative and untreated controls
were performed with each experiment to prove thece on GSIS was due to
manipulation of specific miRNA, rather than a mgesneral or non-specific event.
According to our TLDA analysis, each of the 12 mi#dNhad reduced expression in
glucose non-responsive MING cells (table 3.1.2¢refore, pre-mir over-expression of
mMiRNA would be expected to improve GSIS functioriiler anti-mir reduction of
mMIiRNA would be expected to reduce GSIS functiomdaonal validation experiments
were designed to perform pre-mir over-expressiopegrents in low or non-GSIS
cells, as pre-mir transfection was expected to awprGSIS, and anti-mir knockdown
experiments in GSIS-competent cells, as anti-naingfection was expected to reduce
GSIS based on the TLDA results. However, due tovdmgable nature of the GSIS
response in MING6 cells sometimes cells which wetqgeeted to exhibit low or non-
GSIS response showed a good GSIS, while cells &egem exhibit good GSIS

response were low or non-GSIS response.
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3.1.4.1 Mir-410

Mir-410 expression was reduced in non-GSIS MiING6Iscétable 3.1.2), therefore
knockdown of this target with mir-410 inhibitors svaxpected to reduce GSIS function

of MING cells, while mir-410 mimics were expecteditnprove GSIS function.

(a) Knockdown of mir-410
Anti-mir-410 (am-410) was transfected into MING6Isglsection 2.2.4). GSIS response
of cells was then measured following 72 hours p@sisfection to test the effects of

MiRNA manipulation on GSIS (section 2.2.1).

Transfection controls can be inconsistent withéadgferences in the GSIS fold change
of control cells, therefore triplicate experime(@gppendix A, figure 3, 10 and 11) where
the GSIS of controls was consistent were takenepsesentatives of the effect of
knockdown of mir-410 levels in MIN6 cells. Knockdowof mir-410 in GSIS-
competent cells using am-410 led to a reductiocB&1S, from 2.3 fold GSIS in am-neg
treated cells to 1.6 fold GSIS in am-410 treatdtsc&he Student’s-test showed that
the decrease in GSIS of these triplicate experisneais statistically significant (figure
3.1.5).
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Figure 3.1.5Knockdown of mir-410 levels in GSIS-competent MIN@lIs (error bars
indicate standard error of biological triplicates).
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(b) Over-expression of mir-410

Pre-mir-410 (pm-410) was used for over-expressiomio-410 levels in MIN6 cells
(section 2.2.4). GSIS response of cells was thessared 72 hours post transfection to

test effects of mMiIRNA manipulation on GSIS (sectd.1).

A large number of repeats were performed for tegag to determine if over-expression
of mir-410 had an effect on GSIS. Some assays dhdavge differences in GSIS fold
change of controls. When the fold change of pm-#a@sfected cells is within this
range it is difficult to determine the effect of pth0 transfection or if an effect is being
disguised by the large range in GSIS of controleréfore, three replicate experiments
where the effect of pm-410 was obvious and didlieotvithin the large range in GSIS
of controls, were taken as representative expetsn@ppendix A, figures 17, 19 and
21). Over-expression of mir-410 in GSIS-competeriN®cells led to an increase in
GSIS response in these cells, from 1.6 fold GSIpnmneg treated cells to 3.8 fold
GSIS in pm-410 treated cells. Theest of these replicates indicated that the irszea
GSIS in pm-410 transfected cells relative to pm-tr@gsfected cells is statistically

significant (figure 3.1.6).
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Figure 3.1.6 Over-expression of mir-410 in GSIS-competent MINSI< (error bars
indicate standard error of biological triplicatg$)indicates statistical significance p-
value< 0.05).
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3.1.4.2 Mir-200a

Mir-200a expression was reduced in non-GSIS MINBscgable 3.1.2), therefore,
knockdown of this target with anti-mir-200a (am-2PQvas expected to reduce GSIS
function of MING6 cells, while mir-200a over-express (pm-200a) was expected to

improve GSIS function.

(a) Knockdown of mir-200a

Three assays (appendix A, figures 25, 26 andn&fe picked as representatives of the
effect of mir-200a over-expression. Knockdown of-200a in GSIS-competent MING
cells led to a reduction in GSIS response in tloetls, from 1.6 fold GSIS in am-neg
treated cells to 0.9 fold GSIS in am-200a treatellsc The Student's-test of these
replicates (figure 3.1.7) indicated a statisticalignificant decrease in GSIS of am-200a

transfected cells relative to am-neg transfectdd.ce
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Figure 3.1.7Knockdown of mir-200a levels in GSIS-competent MIbiIs (error bars
indicate standard error of biological triplicat€$)indicates statistical significance p-
value< 0.05).

(b) Over-expression of mir-200a
Three replicates for mir-200a over-expression wested; however, no clear trend for

mir-200a functional effect on GSIS was seen.
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3.1.4.3 Mir-130a

Mir-130a expression was reduced in non-GSIS MIN@scéable 3.1.2), therefore
knockdown of this target with mir-130a inhibitorsasv expected to reduce GSIS
function of MING6 cells, while mir-130a mimics werexpected to improve GSIS

function.

(a) Knockdown of mir-130a

Appendix A, figure 34, 36 and 37, were chosen psesentative assays for the effect of
mir-130a knockdown. Knockdown of mir-130a in GSi@vpetent cells led to a
decrease in GSIS in these cells, from 1.8 fold G8l&8m-neg treated cells to 1.1 fold
GSIS in am-130a treated cells. The Studettast determined that the decrease in
GSIS of am-130a cells relative to am-neg transtectdls was statistically significant
(figure 3.1.8).
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Figure 3.1.8Knockdown of mir-130a levels in GSIS-competent MIbiIs (error bars
indicate standard error of biological triplicatg$)indicates statistical significance p-
value< 0.05).
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(b) Over expression of mir-130a

Over-expression of mir-130a showed reduced GSEivelto control cells in three of
five replicates performed (appendix A, figures 42, and 44). These replicates were
taken as representatives of the effect of overesgion of mir-130a. Over-expression
of mir-130a in GSIS-competent cells led to a slighit not statistically significant
reduction in GSIS response in these cells fromf@®GSIS in pm-neg treated cells to
1.3 fold GSIS in pm-130a treated cells (figure @)1.
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Figure 3.1.9Over-expression of mir-130a in MING6 cells (errordandicate standard
error of biological replicates).
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3.1.4.4 Mir-376a

Mir-376a expression was reduced in non-GSIS MIN@sc@able 3.1.2), therefore
knockdown of this target with mir-376a inhibitorsasv expected to reduce GSIS
function of MIN6 cells, while mir-376a mimics werexpected to improve GSIS

function.

(a) Knockdown of mir-376a

Knockdown of mir-376a levels was performed in freplicates, with two replicates
showing no effect on GSIS, two replicates showilghty reduced GSIS relative to
control cells, while the last replicate had uniaiacontrols. Therefore there were no

clear trends of an effect on GSIS following knockaoof mir-376a levels.

(b) Over-expression of mir-376a

Over-expression of mir-376a was assessed in fipécedes, two replicates showing

increased GSIS relative to control cells, two regikes showed decreased GSIS, while
one replicate showed unreliable controls, therefuveclear trends of an effect were

observed in GSIS for over-expression of mir-376a.
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3.1.4.5 Mir-369-5p

(a) Large-scale assays for over-expression and krkatown of mir-369-5p

expression

Performing transfection GSIS assays in bulk (appeAd figures 55 and 56) led to
diminished GSIS response compared to cells at theiqus passage when a single
GSIS assay was performed. Therefore, the numbersaatfection controls were
reduced. Also, knockdown transfections were perémnseparate to over-expression

transfections, to try to maintain a good GSIS respf cells.

(b) Knockdown of mir-369-5p

Knockdown of mir-369-5p transfections were perfodm& number of times, three

replicates showed no change in GSIS of am-369-&pstected cells, two replicates
showed unreliable controls, while five replicatb®wed a decrease in GSIS following
knockdown of mir-369-5p levels relative to contralls. Three of these replicates
were taken as representatives of the effect of @n5p (appendix A, figure 60, 61 and

64). An average of 1.3 fold GSIS was seen for agtresated cells compared to 0.8 fold
GSIS for am-369-5p treated cells. The Student&st-tvas applied to these replicates;

however, the decrease in GSIS was not statistisajtyificant (figure 3.1.10).
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Figure 3.1.10 Knockdown of mir-369-5p levels in MIN6 cells (errdwars indicate
standard error of biological triplicates).

(c) Over-expression of mir-369-5p

Seven replicates of mir-369-5p over-expression \peréormed; four replicates showed
no effect of mir-369-5p over-expression on GSIS mplicate showed improved GSIS,
while two replicate showed unreliable controls. fEfiere, the trend showed that over-

expression of mir-369-5p did not affect GSIS.
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3.1.4.6 Mir-27a

(a) Large-scale assays for over-expression and krkaiown of mir-369-5p

expression

Performing transfection GSIS assays in bulk (appe’d figure 70 and 71) led to
diminished GSIS response compared to cells at theiqus passage when a single
GSIS assay was performed. Therefore the numbergaagfection controls were
reduced; also knockdown transfections were perfdrreeparate to over-expression

transfections, to try to maintain a good GSIS respaf cells.

(b) Knockdown of mir-27a

Five replicates of mir-27a knockdown were performéisiee of which indicated that
knockdown of mir-27a did not effect GSIS relatiwecontrol cells (appendix A, figure
71, 72 and 74).

(c) Over-expression of mir-27a

Six replicates of mir-27a over-expression were qrened, three indicated that over-
expression of mir-27a did not have any effect onlSc&lative to control cells
(appendix A, figures 71, 75 and 76), two replicaahewed decreased GSIS (appendix
A, figures 77 and 78) and one replicate had insest controls (appendix A, figure
70). Therefore, the general trend of mir-27a ovgaression is no effect on GSIS.
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3.1.4.7 Mir-124a

Mir-124a expression was reduced in non-GSIS MINBscg@able 3.1.2), therefore,
increasing and decreasing mir-124a expression dhimgdrease and decrease GSIS

response of these cells, respectively.

(a) Knockdown of mir-124a
Mir-124a knockdown assay was performed a numbénags to determine the effect on
GSIS, the general trend to the assays indicatéskttickdown of mir-124a does not

affect GSIS relative to control cells.

(b) Over-expression of mir-124a

Seven replicates of mir-124a over-expression wertopmed, two of which showed no
effect on GSIS (appendix A, figures 91 and 92), tslmwed in increase in GSIS
(appendix A, figure 87 and 88), and a further tlWwovged a decrease in GSIS (appendix
A, figures 86 and 89), therefore no clear trend wlaserved for effect of mir-124a over-

expression on GSIS.
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3.1.4.8 Mir-337

Mir-337 expression was manipulated in MIN6 cellsdetermine if changes in the

expression levels of this miRNA could affect GSt&potype of the cells.

(a) Knockdown of mir-337
The general trend for mir-337 knockdown, showed Kmckdown of mir-337 levels

did not affect GSIS compared to control cells.

(b) Over-expression of mir-337
No clear trends are observed for the effect of -@xgression of mir-337 on GSIS
response of MING cells.
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3.1.4.9 Mir-532

Mir-532 expression was reduced in non-GSIS MIN@scatcording to TLDA analysis
(table 3.1.2), therefore manipulation of miRNA exgsion to increase and decrease mir-
532 levels would be expected to increase and dee@&IS responsiveness of the cells

respectively.

(a) Knockdown of mir-532
Duplicate assays for knockdown of mir-532 showedefilect on GSIS relative to
control cells; therefore no triplicates were pemied as the trend was clear from

duplicate assays.

(b) Over-expression of mir-532

Of three replicate performed, two experiments shmweffect on GSIS for pm-532
transfected cells, therefore, the general trenctates that over-expression of mir-532
does not affect the GSIS capability of MING cells.
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3.1.4.10 Mir-320

Mir-320 levels were manipulated in MIN6 to determinf this miRNA played a

functional role in GSIS of these cells.

(a) Knockdown of mir-320

Six replicates were performed for knockdown of 820; five replicates were in
agreement that no effect on GSIS was observednie820 treated cells. Therefore, the
trend indicates that knockdown of mir-320 doeseftect the GSIS capability of MING

cells.

(b) Over-expression of mir-320
Appendix A, figure 111 indicates that over-expressiof mir-320 may lead to a
decrease in GSIS; however, this transfection wbale to be repeated to determine if

this is a true effect of mir-320 over-expression.
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3.1.4.11 Mir-192

Mir-192 levels were reduced in non-GSIS MING6 cellserefore, manipulation to
increase and decrease levels of this mMiRNA wouldxpected to increase and decrease

GSIS responsiveness, respectively.

(a) Knockdown of mir-192

Three of four replicates for knockdown of mir-19#w/ed no effect on GSIS, therefore,
the trend indicates that knockdown of mir-192 dmt affect the GSIS capability of
MING cells.

(b) Over-expression of mir-192
Two of three replicates for over-expression of &2 showed a decrease in GSIS;
therefore, the general trend indicates that overession led to a decrease in GSIS

capability of MING cells.
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3.1.4.12 Mir-379

Mir-379 levels were manipulated in MIN6 cells totelenine if this miRNA played a
role in the GSIS phenotype of these cells.

(a) Knockdown of mir-379
Duplicate assays for knockdown of mir-379 showedefiect on GSIS relative to
control cells; therefore, no triplicates were perfed as the trend was clear from

duplicate assays.

(b) Over-expression of mir-379

Two of three replicates showed a decrease in G3$Ipne379 transfected cells,
therefore, the general trend indicates that overession of mir-379 led to a decrease
in the GSIS capability of MING cells.

121



3.1.4.13 Summary of Functional Validation Studies

Table 3.1.6 summarises results of functional véldaof miRNA targets. Mir-410,
mir-200a and mir-130a exhibited significant effeots GSIS following manipulation

with miRNA inhibitors and mimics.

Anti-Mir knockdown of

Pre-Mir over-expression of

MicroRNA mMiRNA MiRNA
mir-376a No effect No effect
mir-369-5p Reduced GSIS minimally No effect
mir-130a Reduced GSIS * Reduced GSIS minimally
mir-27a No effect No effect
mir-410 Reduced GSIS * Improved GSIS *
mir-124a No effect No effect
mir-200a Reduced GSIS * No effect
mir-337 No effect No effect
mir-532 No effect No effect
mir-320 No effect Reduced GSIS minimally
mir-192 No effect Reduced GSIS minimally
mir-379 No effect Reduced GSIS minimally

Table 3.1.6Functional validation of miRNA targets in MING t=l(* denotes statistical

significance).
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3.1.5 Summary of miRNAs involved in GSIS in MING6 cks

Using TLDA technology, this study identified 12 nNRs differentially expressed
between glucose responsive and glucose non-resgoMiNG cells (table 3.1.2), as
well as 12 novel murine miRNAs (table 3.1.1). Oe&pression and knockdown studies
were performed on these miRNA targets in MING6 ceslsletermine if these miRNAs
played a functional role in the regulation of GSKockdown of mir-410, mir-200a
and mir-130a in GSIS competent MING6 cells led tsignificant decrease in GSIS
response compared to anti-mir negative transfecbadirol cells. These three miRNAs
may function in supporting the capability of MIN6lis to secrete insulin in response to
stimulatory levels of glucose. Experiments with mggpression of mir-410 supported

the rational that it may enhance levels of glusisaulated insulin secretion.

The MING cell line as a model for study GSIS carubhdependable due to considerable
day-to-day variations in GSIS response betweenrabmills. This varying GSIS
response of control cells makes it difficult to gher the effect of treatment on GSIS.
Therefore, as iIPS technology became availablepitesented a potential technique for
generation of a human pancreatic beta cell modestiadying the regulation of GSIS,

without the ethical and moral concerns associaiéd embryonic stem cell research.
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3.2 Attempts to generate iPS cells and differentiain of an established iPS cell line

towards pancreatic phenotypes

Induced pluripotent stem cells (iPS cells) can baegated from fully differentiated

adult somatic cells by forced expression of a defirset of transcription factors
(Takahashi, Tanabe et al. 2007). iPS cells reptes@otential route for the generation
of human pancreatic beta cell models. However ¢lshrtology is currently technically

challenging with very low efficiency rates for theprogramming of somatic cells back
to a pluripotent, embryonic stem cell-like phen@typhese low efficiency rates differ
among different cell types and this issue was ct@med in the selection of starting cell

populations chosen for reprogramming.

Three different cell types were selected for getmmaof iPS cells in this study,

MiaPaCa2 pancreatic adenocarcinoma cell line, nbpnraary epidermal keratinocytes
and limbal epithelial cells. MiaPaCa2 cells werkested due to their pancreatic origin
as MiaPaCaz2 generated iPS cells may maintain same¢atic epigenetic memory and
be more easily pushed towards pancreatic lineagsstsequent directed differentiation
experiments. Keratinocytes were used as the repogfgrogramming efficiencies were
100 fold higher than fibroblasts (Aasen, Raya e2@08), which were the standard cell
type used for reprogramming at the time this wodswindertaken. Limbal epithelial
cells are the stem cell population for the cornp#helia. These cells were used for
reprogramming as reports suggest that reprogramotngrs with increased efficiency

in such cultures of stem cell populations.(Kim, Hi@s et al. 2008)
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3.2.1 Generation of Virus Particles

IPS cell generation by forced expression of trapson factors- oct4, sox2, c-myc and

kif4 was attempted using a lenti-viral expressigstam.

Lentiviral particles were generated by co-transfectthe lentiviral ORF expression
clone (containing oct4, sox2, c-myc or klf4 geregdther with the lentiviral packaging
plasmids (protocol outlined in section 2.3.1). Taetiviral ORF plasmid contains the
elements required for packaging, transduction atadbles integration on the viral
construct into the host genomic DNA, however, itk the elements required for
transcription and packaging of an RNA copy of thRFOconstruct into active viral
particles. These elements are provided by the viealti packaging plasmids. The
packaging plasmids are two plasmids which contdlinha structural, regulatory and

replication genes required to produce lentivirus.

3.2.2 Validation of correct insert in lenti-viral ORF expression clones

The lentiviral ORF expression clones containingdpsbx2, c-myc and klf4 were used
to transform competerit.coli cells (protocol outlined in section 2.3.1.1). Taetiviral
ORF plasmids also contain the ampicillin resistageme (figure 3.2.1), thereby
allowing selection of thd.coli cells which have taken up the plasmid. Transformed
cells were seeded into small scale 5mL cultureserAdvernight incubation, plasmid
DNA was isolated. Plasmid DNA was then analysedetify that the correct insert was
contained in the lentiviral plasmid backbone. Tafyehis, the lentiviral plasmids was
digested with Nhel and Xbal restriction enzymeseiease the ORF insert, the
resultant mixes were then run on an agarose gdlpased on the size of the excised
ORF it was deduced that a sequence of the corieethas been inserted into the

plasmids.
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pReceiver-Lv07(a,x,y)
Expression Clone

Figure 3.2.1 Lentiviral ORF expression clone plasndi map. Oct4, sox2, c-myc or
klf4 genes were inserted into the region labell&®FOPlasmid also contains ampicillin
resistance gene to allow for selection of cellsoktiave taken up the plasmid.
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The klIf4 insert was expected to be 1413 base painsyc was 1365 base pairs, sox2
was 954 base pairs and oct4 was 495 base paitsgf§)2.2). Bands at the expected
sizes were seen on the agarose gel, indicatingsttaiences of the correct size were
inserted in the expression plasmids.

Once confirmed that correct size insert was presetiie expression plasmids, large
250mL cultures were initiated in order to genetatge stocks of each of the expression
plasmids and also to create glycerol stocks osfaamed cells for storage.

1 2 345 67 8 9

| ik e

Figure 3.2.2 Agarose gel of digested plasmid DNA
Lane 1- DNA marker

Lane 2&3 — Klf4 (1413 bp)

Lane 4&5 — c-myc (1365 bp)

Lane 6&7 — sox2 (954 bp)

Lane 8&9 — oct4 (495 bp)
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3.2.3 Optimisation of plasmid transfection conditios

A lentiviral ORF expression plasmid containing {B&P (green fluorescent protein)
reporter gene was used for optimisation of trarigfeconditions. This plasmid was co-
transfected with the lentiviral packaging plasmidso 293 cells and transfection
efficiency was determined based on transient egmesof the GFP reporter gene
(section 2.3.1). Different transfection reagentslume of transfection reagent and

plasmid concentration were analysed for transfaatiticiency (figure 3.2.3).

The lowest volume of fugene transfection reagemwsld the greatest transfection
efficiency (figure 3.2.3). Lipofectamine transfecti reagent also showed good
transfection efficiency. Supernatant containingvacviral particles was harvested from
the fugene 18L 4:2:2 plasmid concentration, and lipofectamineul1@:2:2 plasmid

concentration wells for optimisation of viral intemm.
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A , B

.

C: Fugene 18L, 8:4:4ug/plasmid

0

D: Fugene 3pL, 2:1:1u/plasmid E: Fugene 3pL, 4:2:2u/plasmid F: Fugene 3pL, 8:4:4ug/plasmid
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G: Lipofect 1QuL, 2:1:1pgllasmid

Transfection Transfection Transfection Transfection
Reagent Efficiency Efficiency Efficiency
2:1:1 plasmid conc| 4:2:2 plasmid conc| 8:4:4 plasmid conc
Fugene 18l 60% 90% <5%
Fugene 3pl 30% 70% <5%
Lipofectamine 10l 70% 80%

I: Summary table of percentage of cells expressinig tBFeach transfection condition

Figure 3.2.3 GFP reporter gene expression in transtted cells.Images A-H are fluorescent microscope images d? @kpression in
transfected cells. Cells were transfected with ezitRugene or Lipofectamine transfection reagemsl waith differing volumes of
transfection reagents. Differing concentration lafsmids were also transfected. Ratios of plasmittentrations represent concentration
of expression clone to each of the packaging pldsnwith the expression clone being transfectedoable the concentration of each
packaging plasmid for each treatment. Table | shmasmmary of percentage GFP positive cells actliBeeach transfection condition.
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3.2.4 Optimisation of viral transduction

MiaPaCa2 pancreatic adenocarcinoma cells were dsedoptimisation of viral
transduction, as these cells would subsequentlysied for transduction with the four
factor viruses for iPS cell generation. Cells wieeated with either lipofectamine (10
4:2:2) or fugene (18- 4:2:2) generated virus, for either a single dasegouble dose
(with the second dose being administered 24hrs ffse virus treatment). Virus treated

cells were then analysed for transduction efficyebyy monitoring GFP expression

using a fluorescent microscope (figure 3.2.4).

A

A: MiaPaca, 1 dose of Fugene B: MiaPaca, 2 doses of Fugene
(18uL, 4:2:2ug/plasmid) virus (18uL, 4:2:2ug/plasmid) virus

C

C: MiaPaca, 1 dose of lipofectamine D: MiaPaca, 2 doses of lipofectamine
(10uL, 4:2:2ug/plasmid) virus (10uL, 4:2:2ug/plasmid) virus

Figure 3.2.4 GFP reporter gene expression in celteeated with GFP virus. Images
A-D are fluorescent microscope images of GFP eswasn infected MiaPaCaz2 cells.
Cells were infected with either Fugene or Lipofedteze generated virus, with either a
single dose, or two doses of virus. Images werertakdays post first virus treatment.
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Treating MiaPaCaz2 cells with a second dose of \gnesitly improved the percentage of
GFP positive cells compared to single dosed chilspboth fugene and lipofectamine
generated virus (figure 3.2.4). Cells treated w#hsecond dose of fugene or
lipofectamine generated virus showed approxima@o GFP positive cells, as
assessed by eye using a fluorescent microscopeaiimd) the high efficiency of viral
infection. As the infection efficiencies were vesymilar for virus generation with

fugene and lipofectamine, fugene was used forubisequent viral experiments.

3.2.4.1 Calculation of multiplicity of infection (MOI)

The viral titre was quantified to allow calculati@f multiplicity of infection (MOI).

Guava flow cytometer was used to determine thegm¢age of cells expressing GFP
after viral infection, as a more accurate calcalatwas required than estimating
infection efficiency from fluorescent microscopeaiges. MiaPaCa2 cells were infected
using the optimised transduction conditions, féhes one or two doses of virus. Cells
were analysed by the Guava flow cytometer for GEptession at 3 time-points, 24, 48

and 72 hours after the second dose of virus wasnastered (table 3.2.1).

Cell counts were performed on wells to be analysethe guava flow cytometer (table
3.2.1). A multiplicity of infection (MOI) of 5 isecommended for generation of iPS
cells (Park and Daley 2009), i.e. 5 viral partighes cell. As described in section 2.3.2,
5x10 cells were seeded per well of a 6-well plate R icell generation, therefore, to
allow for an MOI of 5, 2.5x1viral particles would be required to achieve thi©M
Table 3.2.1 shows that per 1mL of viral suspen&i@x1C were infected, indicating
there were at least 3.3x1Active viral particles per mL of viral suspensiés this is
above the threshold of 2.5x10iral particles required for an MOI of 5, this indtes
that the viral suspension is sufficiently concetetiaand does not require any additional
concentrating procedures. This technique represantslatively crude method for
determining MOI, as the infected cells may havenbeécted by more than one active
viral particle. Therefore, this technique was séli to ensure that cells were being

treated with the minimum number of active viraltpaes required.
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Treatment 24 hours 48 hours 72 hours

Single Dose 41% 66% 60%

Twice Dosed 75% 83% 80%

Total Cell Count 8x10 | 1.6x10 | 2.5x10

Number of infected cells for single| 33106 | 1.1x16 | 15x16
virus treatment

Table 3.2.1Percentage of GFP positive cells as measured lay&cytometer, at three
different time points following treatment with vsuCell counts were performed on cell
suspensions before guava flow cytometer analysis.
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3.2.5 Development of protocol to generate iPS cells

MiaPaCa2 pancreatic adenocarcinoma cell line, emide keratinocytes and limbal
epithelial cells were subjected to the iPS protdsektion 2.3.2), using the conditions

optimised in section 3.2.4.

3.2.5.1 Attempt to generate iPS cells from MiaPaCagell line

Cells were either treated with the four factor dadk oct4, sox2, c-myc and klf4, or the
three factor cocktail- oct4, sox2 and klf4. c-myasaexcluded from the 3 factor cocktalil
as c-myc is thought to lead to the generation oinareased number of false positive
colonies (Eggan 2009). Cells were treated with 2edoof virus. After four days cells
were trypsinised onto a mitomycin C treated MEFd&elayer, and cultured in
embryonic stem cell (ES) media. By day 8 followiihg second viral treatment, cells
with distinctly different cell morphology to untriea parent MiaPaCa2 had emerged
(figure 3.2.5).
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Cell colonies with
morphology different to
regular MiaPaCaz cells

Cell colonies with regular
MiaPaCa2 morphology

Figure 3.2.5iPS virus treatment of MiaPaCa2 cels.mitomycin C treated MEF cell8- untreated MiaPaCaz2 parental cells growing on

a mitomycin C treated MEF feeder lay€r. MiaPaCaz2 cells at 8 days post second viral treatngrown on MEF feeder layer with ES
media.
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Cultures treated with either 3-factors or 4-factsh®wed the same mixture of cell
morphologies at 8 days post second viral treatnt@mtures were a mixture of colonies
of typical MiaPaCa2 morphology and colonies of manended, less-stretched out cells
(figure 3.2.5, image C).

By day 24 the colonies of rounded, less-stretcledd grew to form large clusters with
a tightly packed core of cells with rounded morplgy, while cells at the periphery of
these clusters displayed ‘typical’ MiaPaCa2 morphgl(figure 3.2.6). Cultures treated
with either 3 factors (oct4, sox2 and kif4) or &ttas (oct4, sox2, kif4 and c-myc)

showed similar cell morphology trends.

Colonies were grown until they were visible by €frgure 3.2.7). Single colonies with
the best ‘ES-like’ morphology i.e. tightly packedre and clear defined colony edges,
were then picked and trypsinised into single calipensions. Cell suspensions were
then seeded into wells with mitomycin C treated M&&der layer. 4 wells were seeded
for each colony trypsinised, 2 wells for RNA isadat, and 2 wells to continue the

culture.
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Uneven edges of
colonies, cells appear to
have typical MiaPaCa2
morphology

Tightly packed dense core
of rounded cells

P LR

)

Figure 3.2.6Virus treated MiaPaCaZ2 cells 24 days post infectfo MiaPaCaz2 cells
treated with 3-factor cocktaiB- MiaPaCa2 cells treated with 4-factor cocktail.tfBo
treatments resulted in colonies of similar morphas.
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Colonies displayed some morphological propertigaesghat similar to ES cells, such
as the tightly packed core; however, all colon@sied had uneven edges, with cells of

typical MiaPaCa2 morphology, unlike the definedesigf ES colonies.

*

Figure 3.2.7MiaPaCa2 cells 31 days post virus treatment. A- T@&gnification of
colonies formed. B- 4X magnification of coloniesrfeed.
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3.2.5.2 Validation of MiaPaCa2 reprogramming

Two wells of each clone were harvested for RNA tisec2.4.1), while the remaining
two wells were maintained in culture to freeze ksoof each clone. Five clones of 3-
factor treated cells and five clones of 4-facteated cells were analysed for expression
of oct4, sox2, c-myc and klf4 (figure 3.2.8). Afteeatment with virus, cells which are
reprogrammed should reactivate endogenous expres$ithese factors, to maintain
cells in a pluripotent state. Clones were analyesetketermine expression levels of these

factors (protocol outlined in section 2.4.6).

3-factor 4-factor

Untreated MiaPaCa

MEF
NTC

—-——-—-——-—-—. octd

Sox2

c-myc

kIf4

B-actin

Figure 3.2.8 Agarose gel electrophoresis of PCR products gesdrmom MiaPaCa2
virus treated colony clones. 5 three-factor clonasgd 5 four-factor clones were
analysed for expression of oct4, sox2, c-myc, kdffl endogenous contr@lactin.
Untreated MiaPaCa2 cells, MEF murine feeder celid BTC (no template control)
control were also analysed.
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C-myc and klIf4 expression was detected in all cdonmtreated MiaPaCa2 cells also
expressed these factors (figure 3.2.7). Very lovellsox2 expression was seen in some
clones. Levels of Oct4 expression are seen to aseran the virus treated cells
compared to untreated parental MiaPaCaz2 cells,péxXoe MiaPaCa2 3-factor treated
clone 3 cells, which has lost expression of thel @gne.-actin expression was also
analysed in these cells as an endogenous contdainmnstrate equal concentrations of

RNA used in reverse transcription reactions.

MiaPaCaz2 virus treated cells were growing on a Mégdder layer when the cells were
trypsinised to harvest cells for RNA, there may éndbeen some contaminating MEF
cells. Hence, MEF cells were included in analysidétermine if PCR primers also
amplified murine cDNA and if so, was expressionfaxftors in MEF cells leading to

false positive results in virus treated MiaPaCaihek.

Amylase expression which is characteristic of paatic MiaPaCa2 cells was analysed
to determine if virus treated cells still exprest@d pancreatic marker (figure 3.2.9).
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Figure 3.2.9 Agarose gel electrophoresis of amylase PCR produitaylase
expression was analysed in MiaPaCa2 3-factor ueatdls, clones 1 to 5 and
MiaPaCa2 4-factor treated cells, clones 1 to Sefanntreated MiaPaCa2 cells, MEF
murine feeder cells and NTC (no template contra@jenalso analysed.
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Three-factor clone 3 MiaPaCaz2 cells differ fromraated parental MiaPaCaz2 cells by
lack of amylase expression (figure 3.2.9). Howeubgese cells have not become
reprogrammed into iPS cells, as they lack exprassfahe pluripotency marker Oct4
(figure 3.2.8).

Although virus-treated cells display altered morplyy (figure 3.2.5, 3.2.6 and 3.2.7)
these cells have not been reprogrammed to iPSa=tlsey have maintained expression
of the mature differentiation marker amylase (fegGr2.9).
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3.2.5.3 Attempt to generate iPS cells from keratinzytes

Normal human epidermal keratinocytes were initiatgated with GFP virus using the
conditions optimised using MiaPaCa2 cells (outlimedsection 2.3.2), to ensure that
this treatment led to efficient transduction effincy in these cells. High levels of GFP

expression was seen after treatment with GFP wsugy the conditions optimised.

Keratinocytes were treated with the four factorktait- oct4, sox2, c-myc and klif4, or
the three factor cocktail- oct4, sox2 and kif4.|€e&lere treated with 2 doses of virus,
after four days cells were trypsinised onto a mifoim C treated MEF feeder layer, and

cultured in embryonic stem cell (ES) media (fig8r2.10).

The morphology of keratinocytes changed considgrahte plated onto MEF feeder
layer cells, this change in morphology was alsceoled for control keratinocytes not
treated with virus. Keratinocytes on MEF feederelajormed dense colonies of cells,
while cells not on MEF feeder layer formed a mowgetaof cells. Control cells not

treated with virus, cells treated with 4-factorugrcocktails and cells treated with 3-
factor virus cocktail all showed the same morphgldgowever, once attached to the

MEF feeder layer, these cells did not proliferaid aubsequently died off.

Reprogrammed iPS cells were not generated fromtikecyte cultures, as iPS cells
maintain unlimited proliferative potential in thendifferentiated state unlike the cells
generated by virus-treatment in this study whialedato proliferate and eventually died
(figure 3.2.10).

142



Colonies of keratinocytes
growing on MEF feeder layer

Figure 3.2.10Viral reprogramming of keratinocyte&- Mitomycin C treated MEF feeder lay@®- Untreated keratinocytes growing on
MEF feeder layerC- Virus treated keratinocytes growing on MEF feddger, 14 days after virus treatment.
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3.2.5.4 Attempt to generate iPS cells from limbal pthelial cells using 4-factor

virus cocktail

The limbal epithelial ring was dissected from domornea and then cut into small
pieces and cultured using the explant techniqualltiw proliferation of the limbal
epithelial cells. Once sufficient outgrowth frompéant was achieved, these cells were
then trypsinised and prepared for virus treatm€etls were initially treated with GFP
virus using the optimised conditions (outlined ecton 2.3.2), to ensure that these
conditions led to efficient transduction efficiency these cells. High levels of GFP
expression was seen after treatment with GFP wigisg the optimised conditions
(figure 3.2.11).

Figure 3.2.11Fluorescent microscope images of GFP expressibmial epithelial
cells 48 hours post transduction with GFP virus.
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To generate iPS cells, limbal epithelial cells weeated with the 4-factor virus cocktalil
(as per section 2.3.2). Following 72 hours the sdoorus treatment some morphology

changes were seen in virus treated cells compareantrols (figure 3.2.12).

Untreated limbal epithelial cells show the typicaboidal epithelial morphology, figure
3.2.12 A. While cells treated with virus begin twow cell processes and cell clusters
(figure 3.2.12 B & C), however, some cells in vitueated cultures did maintain the
typical cuboidal morphology. These cells (showrfigure 3.2.12 B & C) were then
trypsinised and seeded into plates with mitomycitréated MEFs and cultured in ES
media. However, following trypsinisation and seedonto MEFs, these virus-treated
cells failed to proliferate any further. These €alld not represent fully reprogrammed
cells, as genuine IPS cells exhibit unlimited pgevative potential in the

undifferentiated state.
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Typical epithelial
cuboidal morphology Cell processes

Cell clusters

r
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A. Untreated cells B. Cells treated with virus C. Cells treated with virus

Figure 3.2.12Limbal epithelial cells 72 hours post virus treatthA: Limbal epithelial control cells, not treated withius.B & C:
Limbal epithelial cells treated with 4-factor coaktof viruses.
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3.2.5.5 Attempt to generate of IPS cells from limbaepithelial cells using

conditioned media

In this study retroviral based induction of iPSi€elid not generate fully reprogrammed
IPS cells (section 3.2.5.1 to 3.2.2.4). Therefarealernative method was utilised for
generating iPS cells from limbal epithelial cellsing a conditioned media based
reprogramming technique identified by Balasubramaret al., (Balasubramanian,
Babai et al. 2009). Generation of iPS cells ushegESD3 conditioned media technique
involved a 2-stage protocol (figure 3.2.13) (owdlinn section 2.3.3).
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Limbal explant culture

Outgrowth of limbal epithelial cells

7 Days

Stage 1
Treatment with enriched media

(B27, EGF, bFGF, noggin)

Trypsinise to gelatin or IMEF coated wells

Stage 2 10 days
Control Treated cells
Cells maintained in Cultured in ESD3
enriched media conditioned media

Figure 3.2.13Flowchart of limbal epithelial cell treatment. §al involves treatment
of cells with enriched media, followed by stager@atment with ESD3 conditioned
media. Control cells are maintained in enriched imeidr the duration of the

experiment.
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Stage one of the treatment with enriched mediatteda distinct change in cell
morphology. In contrast to the typical epithelialboidal morphology of the control
cells maintained in normal culture media (figur@.84 A), cells treated with enriched
media exhibited a stretched spindle type morpholegly cell processes (figure 3.2.14
B and C). No neurospheres were observed, in carivabe observations reported by

Balasubramaniaet al (Balasubramanian, Babai et al. 2009).

Stage two involved trypsinisation of enriched medeated cells onto gelatin coated or
irradiated MEF (IMEF) coated wells. Cells were teshwith ESD3 conditioned media
(ESD3 CM) (section 2.3.3.1) for 10 days, and cdntedls were maintained in stage 1
enriched media for the entire duration of the proto

At the halfway point of stage 2, control cells ntained in enriched media resumed the
standard limbal epithelial cell morphology (figu3€2.15 A and D). Cells treated with
ESD3 CM displayed altered morphology (figure 3.2B,5C, E and F). Cell clusters
were observed in ESD3 CM treated cultures on iM&gdér layer (figure 3.2.15 E and
F). Similar clusters were observed at a slighttgrdime point in ESD3 CM treated

cultures grown on gelatin.

At day 14, the end of stage 2 treatment, the ¢editers observed in ESD3 CM treated
cells on IMEF at day 7 of stage 2, did not show abhyious increase in size (figure
3.2.16 E), nor was there any obvious outgrowth fthm cluster. A single cluster of a
different morphology was also seen in ESD3 CM #datells grown on iMEFs

(indicated with red arrow, figure 3.2.16 E), thisister contained tightly packed cells
which appeared to be more adherent to the cultisie cather than the smaller clusters

observed in both treatment conditions.

At the end of stage 2, control cells maintainethim stage 1 enriched media maintained
the typical cuboidal epithelial morphology (figu8e€2.16 A and D).
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Typical epithelial Cells with long,
stretched morphology Cell processes

cuboidal morphology

A: untreated cells go n ye media B: cells own in enriched media

~ C: cells grown in enriched media
Figure 3.2.14Limbal epithelial cells after stage 1 treatmenttmaénriched media for 7 days. Limbal epithelialcgirown in 6-well plate
inserts, with 3T3 feeder cells in bottom layer agliwControl cells (A) were maintained in the stardleye media and exhibit typical

epithelial cuboidal morphology. Cells treated wéthriched media (B & C) show a different morphologgh long stretched cells with
protrusions.
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4.
o)

C: treated cells on glatin

[

D: control cells on iIMEFs E: treated eIIs on iMEFs F: tratd cells on IMEFs
Figure 3.2.15Limbal epithelial cells during stage 2 at 7 day&8D3 CM treatment. Cells were grown on platedexavith gelatin alone
(A, B & C) or gelatin and iMEFs (D, E & F). Controklls (A & D) were maintained in enriched medial ahd not receive ESD3 CM.

Cells in B, C, E & F were treated with enriched maddr 7 days followed by ESD3 CM for 7 days.
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Figure 3.2.16Limbal epithelial cells at the end of stage 2eraft4 days of ESD3 CM treatment. Cells were growrplates coated with
gelatin and iIMEFs (D, E & F) or gelatin alone (A,&BC). Control cells (A & D) were maintained in étred media and did not receive
ESD3 CM. Cells treated with enriched media for ysdollowed by ESD3 CM for 14 days were plated @hatn or gelatin and iIMEF
coated plates (B, C, E & F). (10X and 20X indicthie magnification at which these images were taken)
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3.2.5.6 Validation of limbal epithelial cell reprogamming

Cells from these wells were harvested for RNA asialy(section 2.4.1) to check if
different marker expression was seen between tidratocells exhibiting cuboidal
morphology and treated cells on gelatin and iMEIR& Wbroblast morphology (figure
3.2.17 and 3.2.18). Limbal epithelial cells frone ttame donor, maintained in standard
limbal epithelial cell culture were also analysed marker expression, as a control, to
determine if conditioned media treatment induced@dnges in marker expression.
Limbal stromal cells were also analysed for markeapression to determine if
fibroblast-like cell types emerging at the end tdge 2 treatment were a result of
stromal cell contamination. RNA from an establisife8 cell line was also analysed to
determine if ESD3 CM treatment induced full repeogming of limbal epithelial cells,
and hence marker expression similar to establigh®dells.

C-myc, oct4 and kif4 expression was detected ircalll types and for all conditions
analysed (figure 3.2.17), however, iPS cells hadhrhigher expression levels of oct4
compared to other cell types. Sox2 pluripotencykaawas only detected in iPS cells,
untreated limbal epithelial cells maintained in eyedia, and ESD3 CM treated cells.
Limbal epithelial cells maintained in the enrichneédia, or ESD3 CM treated cells on
gelatin had lost expression of this marker (figBr2.17). Control limbal epithelial cells
maintained in enriched media express terminal hfféation markers CK-3 and CK-12
(figure 3.2.18). N-cadherin is associated with adtém cells. Levels of this marker are
reduced in control cells maintained in enriched iaeghile high levels are maintained
in ESD3 CM treated cells. Control cells maintaimecenriched media showed similar
expression ofANp63 as untreated limbal epithelial cells. ABCGRels were only

detected at very low levels in limbal epithelialtosnal and iPS cells. Pluripotency

marker, nanog, was only detected in iPS cells.

It is clear that ESD3 CM treatment has induced i§ipazell morphology (figure 3.2.16)
and marker expression changes (figure 3.2.17 @d8&.compared to untreated limbal
epithelial cells, and control cells maintained miehed media for the entire duration of
the experiment. However, as these cells do notesspthe pluripotency marker nanog
(figure 3.2.18), therefore, they do not represahy reprogrammed cells.
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Figure 3.2.17Expression levels of oct4, sox2, c-myc and kifdinmbal epithelial cells
treated with ESD3 CM for 14 days, as well as cdntetis which were maintained in
enriched media. Stromal cells, limbal epithelidlscéuntreated, in eye media), iPS cells
and IMEFs were also included for comparison.
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Figure 3.2.18Expression levels of CK-3, CK-12, N-cadherix\p63, ABCG2, nanog
and endogenous contractin, in limbal epithelial cells treated with ESITM for 14
days, as well as control cells which were maintimeenriched media. Stromal cells,
limbal epithelial cells (untreated), iPS cells aMEFs were also included to allow
comparison.
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3.2.5.7 Summary of attempts to generate iPS cells

Attempts at using retro-viral and conditioned melesed reprogramming technology
were unsuccessful in generating fully reprogrammi&li cells. Cells displaying altered
morphology and marker expression may represerg stlck in a semi-reprogrammed
state. At this time, commercially available iPSI diles were beginning to come on
stream. In order to continue the aim of establigldarhuman pancreatic beta cell model,
one such iPS line- hFib2-iPS4 was purchased frorargge Daley’s lab, Children’s
Hospital Boston. Additionally, a transdifferent@ti approach was also undertaken
using human limbal stromal cells available in cain.|Recent studies have suggested
that these cells resemble bone marrow derived rohgeral stem cells and possess
similar differentiation potential towards ectodermesoderm and endoderm lineages
(Dravida, Pal et al. 2005; Polisetty, Fatima et 2008). Directed differentiation
protocols were applied to both iPS and stromakdellestablish the potential of these

cells to differentiate towards pancreatic lineages.
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3.2.6 Differentiation of an established iPS celliie towards pancreatic phenotypes

A directed differentiation protocol established Byang J.et al., was used to
differentiate iPS cell line- hFib2-iPS4 towards peatic lineages (protocol described
in section 2.2.5.1) (Jiang, Au et al. 2007). Trdatells were then analysed for
expression of pancreatic markers. Differentiationiqcols were performed on iPS cells
in 2D culture- grown on a thin matrigel layer, as@lls in 3D culture- suspended within
a thick matrigel/collagen gel (described in sect®B.5). Marker expression was then
compared to assess which culture method led tchidfieest efficiency of pancreatic
differentiation.

iPS cells grown in 2D culture spread out from tightty packed core of the iPS cluster
(figure 3.2.19 A). iPS cells grown in 3D culture reesuspended within the
matrigel/collagen gel. These cells maintained figlehsely packed colonies with even
edges and minimal outgrowth (figure 3.2.19 B). €etl 2D and 3D cultures were

maintained in IMEF conditioned iPS media for 2 déotowing seeding of cultures.

A: iPS cells in 2D ure B: iPS cells in 3D culture

Figure 3.2.19iPS cells grown in 2D and 3D culture. A-IPS cell®wn on matrigel
coated dishes. B-iPS cells embedded in a thickigedirollagen gel. 4X magnification
for both images.
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After allowing cells to settle and grow in the 2Bda3D culture conditions for 2 days,
differentiation media was then added to initiatéedentiation of iPS cells towards

pancreatic phenotypes. While control cells werentaémed in IMEF conditioned ES

media. Following 8 days of treatment, cells werenitoved for changes in cell

morphology (figure 3.2.20) and mRNA expression Ufey 3.2.21). 2D control cells

exhibited small compact cell morphology, while 2iitares treated with differentiation

media exhibited larger cell morphology, with morstihguished cell-cell boundaries
(figure 3.2.20 A & B). In 3D control cultures, celmaintained tight, densely packed
colonies, while cultures treated with differentiatimedia displayed slightly different
morphology, with less densely packed colonies amgjrowth of cells from colonies

(figure 3.2.20 C & D).

Cxcr4 definitive endoderm marker expression wasatet in untreated iPS cells, with
increased expression in 2D and 3D differentiaticadia treated cells. Similar trends in
marker expression were seen for Foxa2 and &b expression in untreated iPS and
higher expression in 2D and 3D differentiation naetteated cells (figure 3.2.21). No
change in nanog pluripotency marker expressionl leas seen in control or treated

cells.
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Figure 3.2.20Day 8 iPS cells in 2D and 3D culture. A and C reprg iPS control cells
maintained in IMEF conditioned iPS media, while BdeD cultures were treated with
differentiation media.
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Hnf4a — Definitive
endoderm marker
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B-actin — endogenous
control

Figure 3.2.21PCR of day 8 differentiation and control cultur&xpression levels of
definitive endoderm markers- cxcr4, foxa2 and hnWeare examined, as well as
pluripotency marker- nanog, and endogenous coBtandtin.
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At day 8, once cells had reached the definitiveoeledm stage of the protocol, 2D cell
cultures were treated with 200units/mL of collagendV and transferred to low-
attachment 6-well plates to allow spheroid formatidD cultures did not respond well
to collagenase treatment and culture on low-att&ctinplates, a large proportion of
cells died. The remaining cells failed to proliterasome small irregular shaped clumps
were observed (see red arrow, figure 3.2.22 A apdnBcontrol and differentiated

cultures, with the majority of cells remaining isiagle cell suspension.

The 3D cultures were maintained in the same mafcigagen gel. The 3D
differentiated clusters exhibited a large degrea@ise outgrowth from the original
cluster by day 21. The outgrowth in 3D control dtinds was minimal in comparison
to differentiated wells (figure 3.2.22 C and D).ll€drom both 2D and 3D cultures
were harvested for RNA on day 21 to check expressigancreatic endoderm markers
(figure 3.2.23). However, insufficient cell numbemained in the 2D conditions to

perform mRNA expression analysis.

PDX-1 is used as a marker of pancreatic endoderry Mw expression of this marker
was detected in the 3D control condition, whilevas absent from 3D differentiated
cells (figure 3.2.23). Nanog, a marker of pluriputy, showed very slightly reduced
expression in 3D differentiated cells relative tD 8ontrol and iPS cellsp-actin

expression was also analysed as an endogenou®lc@iigure 3.2.23). HIxb9, ngn3,
nkx6.1 and ptfla pancreatic endoderm marker exjpressas also examined in 3D

control and differentiated cultures, but expressuas undetected.
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A: 2D control cells B: 2Ddifferentiated cells

'E':‘3D ntrol cells : D: 3D differentiated cel

Figure 3.2.22Morphology of cells in 2D and 3D cultures on ddy #eated with IMEF
conditioned iPS media or differentiation media.
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Figure 3.2.23mRNA expression of 3D differentiated and contnatures after 21 days
of treatment. B-actin is used as an endogenousatdatshow equal cDNA levels

163



At day 29, pancreatic endocrine/exocrine stage itbéréntiation protocol, cells had

similar morphology to day 21. The 2D control antfedtentiated cultures still remained
sparse (figure 3.2.24 A and B). The 3D control calhowed some outgrowth from
clusters, while 3D differentiated cultures showentyvdense outgrowth of very small
cells (figure 3.2.24 C and D, respectively). 3D tcohand differentiated cultures were
harvested for RNA. Nkx6.1, nkx2.2, ngn3 and paxgression levels were analysed to
determine if cells had differentiated to the paatice endocrine/exocrine stage.
Expression levels for these markers were undetantédth control and differentiated

3D cultures.

At day 36, mature islet stage of the differentiatiprotocol, cell morphology was
observed (figure 3.2.25). The 2D control and défaration cultures maintained the
same morphology from day 21 and 29, very few lieiscremained and a lot of cell
debris could be seen in the media. The 3D conindl differentiated cells displayed
outgrowth of cells from the original cluster, withlarger area of outgrowth for the
differentiated cultures (figure 3.2.25).
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A: 2D control culture B: 2D differentiated culéu

C: 3D control cultur T D: 3D differentiated cuku

Figure 3.2.24 Morphology of 2D and 3D cultures on day 29, trdateith iIMEF
conditioned iPS media as control or differentiatiadia.
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B: 2D differentiated culeu

A: 2D control culture

C: 3D control culture - D: 3D differentiated

Figure 3.2.25 Morphology of 2D and 3D cultures on day 36, trdateith iIMEF
conditioned iPS media as control or differentiatiadia.
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RNA was isolated from day 36 3D differentiation aB® control cultures. The
expression of mature islet markers was examinethin36 cultures in addition to the
intermediate time points of the experiment (fig8e2.26). Insulin, a marker of
pancreatic beta cells, was detected in day 36 @oatitures, and absent in all other
time points and conditions examined. Somatostatth amylase, which are markers of
pancreatic delta cells and acinar cells respegtiwghs detected in untreated iPS cells
and in the early stages of the experiment on dagn@ 21 in both control and
differentiated cultures. Somatostatin and amylasels became undetectable in day 29
cultures and day 36 differentiation culture, wititreased levels observed in day 36
control cultures. Ghrelin, a marker of pancreapsilen cells, detected only in day 36
control cultures. Glut2, another marker of matuaaqreatic beta cells was detected at
low levels in day 8 and 21 control and differentiat cultures, and day 36 control
cultures. Glut2 expression was undetectable in B@ycontrol and differentiation

cultures and day 36 differentiation culture.

Nanog expression was used as a marker of pluripptddanog levels were high in
untreated iPS cells and day 8 control and difféaéion cultures. Nanog levels were
lower in day 21 differentiation and control cultsyéower again in day 29 control and
differentiation cultures, and undetectable in d&y dfferentiation cultures. Nanog
expression appeared to rise again in day 36 cootriblires. B-actin expression was
used as an endogenous control; however, levelioiMere lower in day 29 control and

differentiation cultures and day 36 differentiaticuitures (figure 3.2.26).
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Figure 3.2.26 MRNA expression of 3D differentiated and controltunes after each
stage of the pancreatic differentiation protocebdin is used as an endogenous control
for normalisation of mMRNA expression levels.
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A second biological replicate of the 3D iPS ceffatientiation to pancreatic phenotype
was performed. At day 8, cultures were harvestedrfdA to check for expression of
definitive endoderm markers. Cxcr4, hnf4a and foe@ression was detected at higher
levels in 3D differentiated cells compared to 3Dnteol cells (figure 3.2.27). Sox17
expression was undetected in all samples analysqutession of nanog pluripotency
marker remains the same in untreated iPS cellglap@® control and differentiated cells
(figure 3.2.27).
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Figure 3.2.27PCR of day 8 differentiation and control cultur&xpression levels of
definitive endoderm markers- cxcr4, foxa2 and hnWeare examined, as well as
pluripotency marker- nanog, and endogenous coBtandtin.
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At day 21 control and differentiated cells were ested for RNA to monitor
expression of pancreatic endoderm markers. Paircreadoderm markers ngn2,
nkx6.1, hixb9 and ptfla were undetected in all dasmy@PDX1 expression was detected
in both 3D differentiated and control cells, witlgler levels seen in 3D control cells

(figure 3.2.28). Nanog pluripotency marker was alstected in all samples analysed.

3D control

=
S
Q
™

iPS
-RT
NTC

PDX-1

Nanog

B-actin

Figure 3.2.28PCR of day 21 3D differentiation and control cudtsir Expression levels
of pancreatic endoderm marker PDX-1 is shown, dsagepluripotency marker nanog,
and b-actin endogenous control.
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Cultures were also harvested at day 29 and daRRN8. from day 8, 21, 29 and 36 was
analysed for expression of mature islet markegufé 3.2.29). Somatostatin, amylase
and ghrelin showed a similar expression patterpré&ssion of these three markers was
detected in untreated iPS cells, day 8 controldifidrentiated cells, and day 29 control
cells. Low amylase expression is also seen in @agodtrol cells. Mature islet markers
insulin and glut2 were undetected in all samplesymed. Pluripotency marker nanog
shows higher expression in untreated IPS cells, &lapntrol and differentiated cells
and day 29 cells, compared to low expression inZagontrol and differentiated cells,
day 29 differentiated cells and day 36 control afitferentiated cells. B-actin

endogenous control expression shows varying expressvels between samples.
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Figure 3.2.29PCR of 3D differentiated and control cultures aiach stage of the
pancreatic differentiation protocol.
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3.2.6.1 Summary of directed differentiation of iPSell line hFib2-iPS4
IPS cells differentiated in 3D culture showed immo efficiency for definitive

endoderm formation compared to 2D culture, basederpression of definitive
endoderm markers cxcr4, foxa2 and hnféfigure 3.3.21). Further differentiation
towards more mature pancreatic lineages showedctasdusive results, as untreated
IPS cells expressed a number of mature pancreatikars (figure 3.2.26 and 3.2.29),
indicating that these cells may have already uratergome spontaneous differentiation
prior to beginning the directed differentiation fmeol.
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3.2.7 Trans-differentiation of limbal stromal cellstowards pancreatic phenotypes

Stromal cells isolated from donor cornea-sclerag rimere differentiated towards
definitive endoderm (protocol outlined in sectio2.8.1 stage 1). These cells grow in
monolayer culture, therefore monolayer cells weeated with differentiation media
while control cells were maintained in standardnstb media (DMEM, 10% FCS).
Following 8 days treatment with differentiationamtrol media cells were harvested to
monitor expression of definitive endoderm assodigenes such as cxcr4, foxa2, knf4
and sox17. However, under these conditions, straeld in control or differentiation
media did not express detectable levels of defmiéindoderm associated genes.

Cell clusters of stromal cells were generated usiieghanging drop technique (figure
3.2.30 B) (section 2.2.6). Clusters were then eitbeltured in 3D in a thick

matrigel/collagen gel, 2D on a thin matrigel layer, clusters were trypsinised to a
single cell suspension and grown in monolayer. Lelkre allowed to settle and
proliferate in their 3D, 2D or monolayer conditiofm 2 days before initiation of

differentiation (figure 3.2.30) (section 2.2.5).

Differentiation media was added to cells for 8 dagsallow definitive endoderm

formation (as outlined in section 2.2.5.1 stageCgntrol cells were also prepared in
3D, 2D and monolayer cultures, and maintained m standard stromal cell media
(DMEM, 10% FCS). No obvious cell morphology changese observed by day 8 in
control or differentiation media treated cells (fig 3.2.31). At day 8, control and
differentiation media treated cells were harvestedanonitor expression of definitive

endoderm associated genes (figure 3.2.32).
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A: ntree stromal cells (1X) B: stromal aggregates in suspension (4X)

E: stromal aggregates trypsinise 1OX)

Figure 3.2.30Stromal cell culture treatments. Stromal cell agates were prepared
using hanging drop technique (B), these aggregades then cultured in 3D in a thick
matrigel/collagen gel (C), in 2D on a thin matrigaler (D), or were subject to
trysinisation and subsequent single cells suspene@lls formed a monolayer (E).
Untreated cells before aggregate formation (A). B0 4X indicate magnification at
which images were taken.
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A: 3D control stromal cells N B:3 differentiated stromal ceIIs |

C: 2D control stromal cells D: 2 differentiated stromal cells

E: Conrol rypsinised aggregtes : Diffrtd trp|n|sd aggregates
Figure 3.2.31Day 8 of stromal cell differentiation protocol.r@nal cell aggregates
were cultured in 3D (A & B), 2D (C & D) or aggregatwere trypsinised and grown in
monolayer format (E & F). Cells were treated witiffestentiation media to induce
definitive endoderm formation (A, C & E), or standiatromal media (B, D & F) as a
control.

177



Monolayer control
Stromal Untreated

e
L
3
—
c
()
.
()
E
(@]
QO
o™

3D control

2D Differentiated
2D control
Monolayer Diff
+ve control

-RT
NTC

Cxcrd

Foxa2

Hnf4a

aSMA

B-actin

Figure 3.2.32 Gene expression in differentiated stromal cellgfifitive endoderm
markers cxcr4, foxa2 and Hnfaand mesenchymal markeSMA in differentiated and
control stromal cellg3-actin is used as an endogenous control.
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Definitive endoderm marker expression was examinestromal cells in 3D, 2D and
monolayer cultures treated with differentiation mae@nd standard stromal media
(figure 3.2.32). Cxcr4, Foxa2 and Hnfdre markers of definitive endoderm. Foxa2 and
Hnf4a expression was not detected in differentiatedbotrol cells. 2D cultured stromal
cells showed the highest expression of cxcr4 coetbém 3D or monolayer cultured
cells (figure 3.2.32). Higher cxcr4 expression w8agn in control cells maintained in
standard stromal cell media (DMEM 10% FCS) compatedcells cultured in
differentiation media (RPMI with 1X B27, 4nM activiA, 1mM sodium butyrate)
(section 2.2.5.1). This trend was seen in both B8 2D cultures. Very low levels of
cxcrd expression were seen in monolayer cultunegrdssion of cxcr4 was absent from
untreated stromal cells without hanging drop trestmaSMA is a mesenchymal
marker which is expressed in stromal cells, expoaskevels of this marker remained

similar in control cells and cells treated withfdientiation media.

As 2D stromal cultures showed the highest cxcr4esgion (figure 3.2.32), 2D cultures
were extended to the next step of the differemtaprotocol- the pancreatic endoderm
stage. 2D stromal cells were treated with panareatidoderm differentiation media
from day 8 to day 21, while control cells were ntained in standard stromal cell
media. At day 21 no obvious cell morphology changese observed in control and
differentiation media treated cells (figure 3.2,3NA was harvested from cells at this

time point to monitor pancreatic endoderm markgression (figure 3.2.34).
Pancreatic endoderm markers pdx-1, hixb9, ptflardod.1 were undetected in all

samples analysed. Ngn3 expression was detecteawatelels in untreated stromal

cells, but was undetected in control and diffeeetl cells in 2D culture (figure 3.2.34).
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A: 2D control stromal cells B: 2D differentiated stromal cells

Figure 3.2.33Day 21 of stromal cell differentiation protocol.r&@nal cell aggregates
were seeded into matrigel coated plates, contitd were maintained in stromal media
(A), and differentiated cells were treated with de#fatiation media to induce pancreatic
endoderm formatiorg)).
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Figure 3.2.34Day 21 PCR of stromal differentiation and contrell€in 2D culture.
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3.2.7.1 Summary of directed differentiation of stronal cells

Directed differentiation of stromal cells in stamflanonolayer culture showed no
potential for pancreatic differentiation. Howeveihen hanging drops were generated
with these cells, subsequent directed differemtmatnduced expression of definitive
endoderm marker cxcr4 (figure 3.2.32). Cell-celleractions and signalling which
occur while cells are in hanging drop and clustermfation may influence the
propensity of stromal cells to differentiation tads pancreatic lineages. Further
directed differentiation towards more mature paatcelineages did not yield any

positive marker expression.
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3.2.8 Stromal cell treatment with iIMEF conditionedmedia

Irradiated MEF conditioned media seemed to indukpression of some mature
pancreatic markers in iPS cells (figure 3.2.26 artd29). Therefore stromal cells were
treated with IMEF CM to determine if this treatmeobuld induce pancreatic

differentiation in these cells.

Stromal cell aggregates were prepared using thgitguarop technique (section 2.2.6),
aggregates were then embedded in a 3D thick mHtafjagen gel (as described in
section 2.2.5), and fed with either standard sttamedia — DMEM with 10% FCS, or
irradiated MEF conditioned ES media (iIMEF CM). Gellere maintained under these
conditions for 36 days before harvesting cellsRNA (as described in section 2.4.2)
for analysis of mature pancreatic islet marker egpion. Cells morphology differences
were seen between stromal cells treated with stdnoeedia and iIMEF CM. In the
control condition cell aggregate outline is uncleath outgrowth of cells from the
aggregate (figure 3.2.35 A), while IMEF CM treatmghregates still have a very clear
aggregate border (figure 3.2.35 C). IMEF CM treatells which have grown out from
the aggregate also have a more stretched morpholtiymore defined cell junctions
compared to control cells in DMEM with 10% FCS (fig 3.2.35 B and D).

Mature pancreatic islet marker expression was afsdysed in control and IMEF CM
treated 3D stromal cultures, untreated stromasdelistandard monolayer culture were
also analysed as a comparison. Amylase expressagrdetected in 3D control and 3D
IMEF CM treated cells, with higher expression inBEM CM treated cells (figure
3.2.36). Amylase expression was undetected in atege stromal cells in standard
monolayer culture. Insulin, somatostatin, glut2 ghdelin expression were undetected

in all samples analysed.

This experiment was repeated to confirm the obsemesults. While similar cell
morphology changes were seen as figure 3.2.36arthdase expression in these cells
was different. Equal amylase expression was seamireated 2D stromal cells, 3D
stromal cells in standard stromal media, and 3bnsat cells in IMEF CM. Increased

amylase expression was seen in stromal cell hamyops (figure 3.2.37).
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C: Stomal cells in IMEF CM " D: Stromal cells in iIMEF CM

Figure 3.2.35Day 36 stromal cells. Stromal cell aggregates watired in 3D format

in a thick matrigel/collagen gel. Cells were thezated with the standard stromal media
DMEM and 10% FCS (A & B), or IMEF conditioned medidgth 8ng/mL bFGF (C &
D).
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Figure 3.2.36Day 36 PCR of stomal cells in 3D treated with IMEM or standard
stromal media, DMEM 10% FCS. Untreated stromakdellstandard monolayer culture
were also analysed.
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Figure 3.2.37Day 36 PCR of stomal cells in 3D treated with IMEM or standard
stromal media, DMEM 10% FCS. Untreated stromalscétl standard monolayer
culture, and hanging drop culture were also andlyse
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3.2.8.1 Summary of IMEF CM treatment of stromal cdk

Stromal cell hanging drops in 3D culture were wdatvith IMEF CM for 36 days to
induce pancreatic differentiation. Mature pancreakocrine marker- amylase, was
detected in untreated and IMEF CM treated stronadls c(figure 3.2.37). Higher
amylase levels were detected in stromal cells mgimgy drop suspension culture. This
highlights the influence of the poorly understo@il-cell signalling interactions which

take place when cells are altered from monolayku@s to cell clusters.
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3.3 Biomarker discovery in diabetes serum specimens

A clinical study of diabetes serum was performeghanallel to the cell culture based
studies in section 3.1 and 3.2. A number of teamsgwere used in this study to
identify serum biomarkers of potential use for th&gnosis, treatment and management
of diabetes patients. MicroRNAs (miRNAS) identifiedsection 3.1 as being potentially
involved in glucose stimulated insulin secretion NiN-6 cells, were analysed in
diabetes serum to determine if these miRNAs wesratylated in type 1 and type 2
diabetes patients. MiRNA profiling was also perfedto identify additional miRNAs

which may play a role in the pathogenesis of diedet

New proteomic profiling technologies in the form tdbel-free LC-MS became
available through the core facilities in the NICBridg the course of this study.
Therefore, the opportunity was taken to performgomic profiling of diabetes serum
specimens using this new technology. Proteomicilprgfwas performed on serum
specimens from newly diagnosed and established lygmbetes patients, to identify
proteins which may be involved in the establishnaem progression of disease state.

Metabolomic profiling, which is now available ascammercial service provided by
Metabolon Inc., was also performed on newly diagddype 1 diabetes serum samples,
in addition to potentially identifying disease biarkers, metabolomic profiling also

allows insight into the metabolic dysregulation rettéeristic of diabetes patients.

186



3.3.1 Analysis of serum for miRNA biomarkers

In the study of miRNAs involved in glucose stimelatinsulin secretion in MIN-6
cells (section 3.1) a set of 12 miRNAs were idesdifas potentially involved in this
process. Advancing on these findings, we hypotkdsibat these miRNAs may also

be differentially expressed in the serum of peepth and without diabetes.

3.3.1.1 Evaluation of target miRNA levels in serunfrom type 1 diabetes patients

and control serum

Initial experiments were performed on serum frome¢htype one diabetes mellitus
(TIDM) patients with established disease, compacedhree non-diabetic control
serum specimens. Levels of 14 different miRNAs wegted in these specimens
(figure 3.3.1). Two of which had been identifiedrr the literature (mir-9 and mir-
375) (Poy, Eliasson et al. 2004; Plaisance, Abtiememi et al. 2006), and 12 of which
were identified from miRNA arrays of the pancredtéta cell line MING (table 3.1.2).
MiRNA levels were tested using TagMan real-time PEHemistries, ct values are
shown in appendix B, table 2.1. Mir-337, mir-200ad amir-410 expression was

undetected in these samples.
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Figure 3.3.1.Fold change of miRNA levels in T1IDM sera (n=3) cargd to non-diabetic sera controls (n=3). TLDM andtrol
samples were not matched for this initial analyBid changes were calculated from group averagaloes by 2°1TPM-ctConto) ‘a4 1g
suitable endogenous control identified for this kvoks fold changes were calculated from averagedabies, therefore no standard
deviations are shown.
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Mir-124a, mir-130a, mir-9, mir-532, mir-192 and H3ir9 were identified from this

initial study as being present at differing levelsSTADM serum compared to control
sera (> 1.4 fold differential expression). Analysfsthese six miRNAs was expanded
to an additional 5 T1DM serum specimens compare8l tmn-diabetic control sera,
which were age, gender and BMI matched (figure23-33.3.6). Ct values are plotted

rather than fold change, as no suitable endogenonsol was identified for these

serum specimens.
Mir-124a :

Mir-124a levels were significantly higher in TILDMra compared to non-diabetic sera
by 5.33 fold, in all five matched pairs (reflectiag average increase in \@lue of
2.17) (figure 3.3.2). Lower Ct value indicates mersed target expression. Individual ct

values for each matched pair shown in appendialidet2.2.

Mir-124a

36 5.33 folc

34 |
% *%*
S 32 [
= [

30

28

T1DM Control

Figure 3.3.2Ct values of mir-124a in T1DM sera (n=5) comparedan-diabetic sera
(n=5). Significance indicated by ¥ 0.05, ** < 0.01, *** < 0.005. Fold changes
calculated from FHTPM-ctControl a5 hg suitable endogenous control identifiedtar
serum specimens. Error bars indicate standard ti@via
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Mir-130a :

In the initial analysis of 3 T1DM samples and 3 tcols, mir-130a was down-

regulated in TIDM samples (figure 3.3.1). In thip@nded study mir-130a is present
at higher levels in TIDM sera relative to matched-diabetic control sera in three
sets of matched pairs. While in the remaining taaphigher levels of mir-192 are
detected in the control non-diabetic sera. Theraasconsistent trend seen in this
MIiRNA in these samples (figure 3.3.3). Individuivalues for each matched pair is

shown in appendix B, table 2.3.

Mir-130a

34

32

30

Ct value

28

26 -
T1DM Control

Figure 3.3.3Ct value of mir-130a in T1DM sera (n=5) comparechém-diabetic sera
(n=5). Error bars indicate standard deviation.

Mir-9 :

Mir-9 levels were present at higher levels in T13®rum compared to non-diabetic
serum in one set of matched pairs. In a further $ets of matched pairs mir-9 levels
went from present in TIDM sera to undetected in-diabetic sera, and in the
remaining two sets of matched patients, mir-9 wadetected in both non-diabetic and

T1DM sera (appendix B, table 2.4).
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Mir-532 :

Mir-532 is present at higher levels in TIDM seréatiee to matched non-diabetic
control sera in three sets of matched pairs. Iréh@aining two pairs higher levels of
mir-532 are detected in the control sera. Themoigonsistent trend seen in mir-532
levels in these serum specimens (figure 3.3.4)viddal ct values for each matched

pair are shown in appendix B, table 2.5.

Mir-532

36

34 -

32

Ctvalue

30 -

28 -
T1DM Control

Figure 3.3.4 Ct value of mir-9 in T1DM sera (n=5) compared tan+babetic sera
(n=5). Error bars indicate standard deviation.
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Mir-192:

Mir-192 is present at higher levels in TIDM seranpared to matched non-diabetic
sera controls, in four of the five matched pairguffe 3.3.5), although not significantly
so. In the additional matched pair, mir-192 expoesss detected in TIDM sample-
DS-35, while it is undetected in its matched cdnti®S-33. Ct values for each

matched pair are shown in appendix B, table 2.6.

Mir-192

38

36

34

Ctvalue

32 A

30 -
T1DM Control

Table 3.3.5Ct values of mir-9 levels in TLDM sera (n=4) congghto non-diabetic
sera (n=4). The additional matched pair is notudetl on this graph as mir-192 levels
were undetected in the matched control specimenor Hrars indicate standard

deviation.
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Mir-379 :

Mir-379 levels were on average higher in TIDM sesapared to non-diabetic sera
(figure 3.3.6). Four of the five matched pairs skdvhigher mir-379 levels in TIDM
sera, however, one matched pair TIDM sample- D@8 control sample- DS-18
showed the opposite trend, therefore this changriifrB79 level was not significant.

Individual ct values for each sample are showmipeadix B, table 2.7.

Mir-379

36

34

32

Ctvalue

30 -

28 -
T1DM Control

Table 3.3.6 Ct values of mir-379 in T1IDM sera (n=5) comparedntn-diabetic
control sera (n=5). Error bars indicate standardadien.
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Mir-124a expanded study :

Figure 3.3.2 showed a promising trend in the leeélnir-124a present in TLDM sera
relative to non-diabetic control sera. On averagd,1DM sera, mir-124a levels were
significantly increased by 5.33 fold. An additionH) T1DM samples and matched

controls were analysed to assess if the mir-12&adtremained in a larger cohort of

patients (figure 3.3.7)

Of the additional 10 sets of T1DM matched pairslys®l, 6 pairs showed the same
trend of increased levels of mir-124a in T1DM aseslied previously (figure 3.9).
While 4 matched pairs showed reduced levels ofif#a in TLDM sera. Ct values of

individual samples are shown in appendix B, tab$e 2

Mir-124a

38

36

34

Ct value

32

30 -
T1DM Control

Figure 3.3.7 Ct values of mir-124a in T1DM sera (n=10) compat@don-diabetic
sera (n=10). Error bars indicate standard deviation
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3.3.1.2 TagMan Low Density miRNA array profiling of TLDM serum

TagMan low density miRNA arrays were performed bre¢ T1DM sera and three
matched non-diabetic control sera. These miRNAyargofile 365 target miRNAs
plus three endogenous controls — RNU44, RNU48 aNt/éB. These endogenous
controls were undetected in all sera samples agdytherefore, all target miRNA

results were analysed to identify a suitable miRiNAct as endogenous control.

Mir-28 and mir-326 were identified as potential egdnous controls for this diabetic
sera study, due to their low ct (cycle threshadtBndard deviation and insignificant p-
values (i.e. these miRNAs not present at signifigadifferent levels in T1DM sera
compared to control sera) (table 3.3.1).

TLDA results were normalised against mir-28 andasafely against mir-326 as
endogenous controls. MiRNAs with significant p-veduand fold changes according to
both endogenous controls were identified for folopranalysis (table 3.3.2).

Following normalisation against both endogenoustrotsn seven miRNAs were

identified as present at significantly higher levéh T1DM sera compared to non-
diabetic control sera (table 3.3.2).
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Endogenous Standard

Control Average Ct P-value Deviation
mir-28 25.81 0.147 0.484
mir-326 31.59 0.47 0.831

Table 3.3.1Potential sera miRNA endogenous controls

Mir-28 control Mir-326 control

MicroRNA Fold Change P-value Fold Change P-value

miR-140 6.851 0.038 6.506 0.012
miR-21 6.931 0.048 6.583 0.011]
miR-24 5.723 0.042 5.436 0.008
miR-29a 6.326 0.022 6.008 0.002
miR-29c¢ 8.388 0.025 7.967 0.016
miR-30d 5.64 0.044 5.357 0.018
miR-345 7.624 0.036 7.242 0.001

Table 3.3.2MIiRNA targets from TLDA analysis. Fold changes iwated miRNA
levels in TLDM sera (n=3) relative to non-diabetmtrol sera (n=3).
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3.3.1.3 Validation of TLDA miRNA targets in TLDM seum

Levels of endogenous control mir-28 were analysed iT1DM samples and their

matched controls using single-plex PCR, however-28irwas undetected in one
T1DM sample and one control sample. In the remgisamples mir-28 was present at
significantly different levels in TLDM sera relagito control sera indicating that this
MIiRNA is not a suitable endogenous control for rarsation of PCR data, therefore
for further validation of TLDA targets no endogesatontrol was used.

Seven miRNAs- mir-140, mir-21, mir-24, mir-29a, ¢, mir-30d and mir-345 were
identified from TLDA analysis as present at sigeafitly higher levels in TILDM sera
relative to control sera (table 3.3.2). Howevethi@ expansion of this study to a further
10 sets of matched pairs, none of the miRNAs tesedved a consistent trend in all
matched pairs (table 3.3.3). Though the trends werteconsistent throughout all
specimens, it was noted that subgroups of matchéd phowed the same trends of
MIRNA expression. T1DM pairs DS-68, DS-74, DS-8%-8 and DS-95 pairs all
showed reduced levels of miIRNA targets relativéhr matched controls, while DS-
88, DS-93 and DS-98 pairs were in agreement with shmples used for TLDA
analysis, and showed increased levels of targetNAfRrelative to their matched

controls.
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Matched Pairs

MiRNA fold change

T1DMs Controls Mir-140 Mir-21 Mir-24 Mir-29a Mir-29 ¢ Mir-30d Mir-345
DS-68 DS-56
DS-74 DS-36
DS-82 DS-7
DS-84 DS-27
DS-95 DS-51
DS-88 DS-39 40.79 26.8 19.93 10.46 19.83 4.85 4.54
pS90 | DS'53 127 [ oo [ ..
DS-93 DS-33 120.34 103.54 44.38 26.23 61.65 19.6 9.03
DS-98 DS-50 4.45 2.18 3.17 4.64 3.58 1.87 4.75
DS-99 DS-53 1.02 - 1.03 1.02 1.15 - 1.09

Table 3.3.3Single-plex validation of miRNA array targets inOM (n=10) and matched control (n=10) sera. Foldngeaindicates
change in expression level in TLDM serum compagedontrol serum for each matched pair. Fold chamgésulated from Z*TPW-
c(Contro) as no suitable endogenous control identifiedtitr work. Red indicates reduced level of miRNAg&trin TLDM serum relative

to control. Yellow indicates increased level of mMiRtarget in TLDM serum relative to control serum.
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3.3.1.4 Evaluation of GSIS related miRNAs in serurfrom type 2 diabetes patients

relative to control serum

Expression levels of the 12 miRNAs which were idexd from miRNA arrays of the
pancreatic beta cell line MING (table 3.1.2) wezstéd in six type 2 diabetes mellitus

(T2DM) sera and matched non-diabetic controls.

Mir-369-5p :

Mir-369-5p expression was down-regulated in glucose-responsive cells compared
to glucose responsive cells (table 3.1.2). In at@moce with this result, mir-369-5p
levels are decreased in T2DM sera compared to aombn-diabetic sera for four of
the matched pairs analysed. For the additionalpgaics mir-369-5p is detected in the
control samples, but is beyond the level of detecin the T2DM samples (figure
3.3.8) (appendix B, table 2.9).

Mir-369-5p

38

36

Ct value

34

32
T2DM Control

Figure 3.3.8Average Ct value of mir-369-5p levels in T2DM séna4) compared to
non-diabetic sera (n=4). The two additional matcpats were not included in this
graph as mir-369-5p levels were undetected in tB®M specimens. Error bars
indicate standard deviation.
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Mir-130a :

Mir-130a expression was down-regulated in glucasenesponsive cells compared to
glucose responsive cells. In accordance with #ssilt, mir-130a levels are decreased
in T2DM sera compared to control non-diabetic stoathree sets of matched pairs.
For the remaining three sets of matched pairs,1i3a levels are increased in T2DM
sera relative to control sera. Therefore no coasisthange was seen in mir-130a

expression in these samples (figure 3.3.9) (appdddiable 2.10).

Mir-130a

36

34

32

Ctvalue

30

28 -
T2DM Control

Figure 3.3.9 Average Ct value of mir-130a in T2DM sera (n=6) pamed to non-
diabetic sera (n=6). Error bars indicate standardation.
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Mir-27a :

Mir-27a expression was down-regulated in glucose-m@sponsive cells compared to
glucose responsive cells. In accordance with #sslt, mir-27a levels are decreased in
T2DM serum for 5 of the 6 matched pairs, but inseshin the remaining T2DM
sample, this change is not significant (figure Bd3.(appendix B, table 2.11).

Mir-27a

34

32

Ctvalue

30

28 -
T2DM Control

Figure 3.3.10Average Ct value of mir-27a levels in T2DM sera @hsompared to
control sera (n=6). Error bars indicate standardadien.
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Mir-124a

Mir-124a expression was down-regulated in glucasenesponsive cells compared to
glucose responsive cells. In accordance with tlEsult, mir-124a levels were

decreased in T2DM sera compared to control noneti@tsera, for three sets of
matched pairs. For the remaining three sets of medt@airs, mir-124a levels were
increased in T2DM sera relative to control ser2 isets of matched pairs, but levels
remained unchanged in the last set (figure 3.3ddpendix B, table 2.12).

Mir-124a

38

36

Ctvalue

34

32 1
T2DM Control

Figure 3.3.11Ct value for mir-124a in T2DM sera (n=6) comparednbn-diabetic
sera (n=6). Error bars indicate standard deviation.
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Mir-410 :

Mir-410 expression was down-regulated in glucose-responsive cells compared to
glucose responsive cells. In accordance with #ssilt, mir-410 levels were decreased
in T2DM sera compared to control non-diabetic stoathree sets of matched pairs.
For the remaining three sets of matched pairsAhirlevels are unchanged in T2DM

sera relative to control sera (figure 3.3.12) (aqoipe B, table 2.13).

Mir-410

36

35

34 1

Ctvalue

33

32
T2DM Control

Figure 3.3.12Ct value for mir-410 levels in T2DM sera (n=6) camgd to non-
diabetic sera (n=6). Error bars indicate standardation.
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Mir-200a :

Mir-200a expression was down-regulated in glucasemesponsive cells compared to
glucose responsive cells. In accordance with #ssilt, mir-200a levels are decreased
in T2DM sera compared to control non-diabetic sératwo sets of matched pairs.

For the remaining three sets of matched pairs,20@a levels are increased in T2DM
sera relative to control sera, and the remainintchea pair mir-200a is undetected in

both specimens and control sera (figure 3.3.13)dagix B, table 2.14).

Mir-200a

38

36

Ctvalue

34 -

32
T2DM Control

Figure 3.3.13Ct value for mir-200a levels in T2DM sera (n=4) quared to non-
diabetic sera (n=4). The two additional matchedspakere not plotted on this graph as
mir-200a levels were undetected in the control ispexs and one of the T2DM, while
low level mir-200a were detected in the additiohaDM sample. Error bars indicate

standard deviation.
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Mir-532 :

Mir-532 expression was down-regulated in glucose-responsive cells compared to
glucose responsive cells. In accordance with #ssilt, mir-532 levels are decreased in
T2DM sera compared to control non-diabetic sermaivio sets of matched pairs. Mir-

532 levels are increased in T2DM sera relativeotatrol sera for two sets of matched
pairs, and the remaining two sets of matched pairs200a levels are unchanged in

sample and control sera (figure 3.3.14) (appendiaBle 2.15).

Mir-532

36

35

34

Ctvalue

33

32 1
T2DM Control

Figure 3.3.14Ct value for mir-532 levels in T2DM sera (n=6) camgd to non-
diabetic sera (n=6). Error bars indicate standardation.
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Mir-376a, mir-337, mir-320, mir-192 and mir-379 :

Mir-376a, mir-337, mir-320, mir-192 and mir-379 eagsion levels were reduced in
non-glucose responsive cells relative to glucosparsive MING cells, however, in
this study of T2DM and control sera, levels of thhegiRNAs were undetected.

A summary of target miRNA expression in T2DM sesashown in figure 3.3.15.
Some slight changes were seen in expression a# thé8NAs, however these changes

were not statistically significant.
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MIRNA expression in T2DM and control serum

O T2DM
B Control

Ct value

mir-369- mir-130a mir-532 mir-200a mir-410 mir-124a mir-27a
op

Figure 3.3.15MiRNA expression levels in T2DM (n=6) and contro=g) serum specimens. Expression levels are rapgessdy Ct
values. Error bars indicate standard deviation.
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3.3.1.5 Summary of miRNA biomarker study

» Levels of GSIS related miRNAs were examined in T1Dlsland control old
samples
0 Mir-124a, mir-130a, mir-9, mir-532, mir-192 and A3ir9 were
differentially expressed (n=3)
o Study was expanded to n=5 (n=15 for mir-124a), h@veniRNA
expression trends were not consistent
e TLDA miRNA profiling of TLDM old and control old @3) identified 7
differentially expressed miRNAs
0 mir-140, mir-21, mir-24, mir-29a, mir-29¢, mir-3@ad mir-345
o TLDA miRNA targets validated in 6 T1DM and contsamples
o miRNA expression trends were not consistent
* Levels of GSIS related miRNAs were examined in T2Bx\ control samples
o No statistically significant changes were seerhesé miRNA levels in

T2DM and control samples (n=6)
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3.3.2 Proteomic profiling of type 1 diabetes serum

3.3.2.1 Patient characteristics

Serum from newly diagnosed type 1 diabetes (3.2466 months mean duration since
diagnosis) and type 1 diabetics with establishegatie (minimum 18 months), as well
as age/BMl/gender matched healthy controls for egrchip (n=8) were used for the
analysis. Table 3.3.4 shows the general charattsrisf newly diagnosed type 1
diabetes (T1DM new) patients and healthy controtsifol new) used in the study.
Table 3.3.5 shows the general characteristicsp# flydiabetes patients with established
disease (T1DM old) and their matched controls (@brdld) which were used in this

study.

An additional group of serum samples from patienth a range of autoimmune and
inflammatory diseases such as rheumatoid arthttcgrative colitis, asthma, eczema,
systemic lupus erythematosus, hashimoto’s thyisidusoriatic arthritis and pernicious
anemia were also analysed in this experiment. Teé@nage of these patients was 31.4
+ 4.9 years. The autoimmune group was included his &xperiment to allow
identification of markers directly related to tydediabetes rather than markers of

general autoimmune/inflammatory conditions.
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T1DM new

(n=8)

Control new

(n=8)

P-value

Age (years) 265 27 %2 0.50
BMI (Kg/m?) 24.64 + 4.2 2494 +2.6 0.87
Fasting glucose (mmol/L) 6.49 £+ 3.06 4.49 +0.37 110.
HbA1c (%) 7.69 +1.96 5.15+0.30 0.008
Cholesterol (mmol/L) 4.29 +0.55 5.05+0.44 0.018
HDL-cholesterol (mmol/L) 1.25+0.42 1.35+0.39 63.
LDL-cholesterol (mmol/L) 253+041 3.19+0.55 0D.
Triglyceride (mmol/L) 1.09 + 0.38 1.37 £ 1.07 0.50

Table 3.3.4General characteristics of the newly diagnosed tiydiabetes patients and
their matched controls. Mean values shown for &ptd per group.

T1DM old Control old P-value
() (n=8)

Age (years) 44.75+12.84 42.25 + 4.80 0.62
BMI (Kg/m®) 28.46 + 4.36 28.37 + 4.88 0.97
Fasting glucose (mmol/L) 11.06 £5.69 4.79+0.38 .01@
HbAlc (%) 7.99+1.29 5.37+0.24 0.00016
Cholesterol (mmol/L) 3.95 £ 0.66 5.19+0.54 0.001
HDL-cholesterol (mmol/L) 1.56 £0.39 1.45+0.17 49.
LDL-cholesterol (mmol/L) 1.91+0.29 2.74+£1.09 on1
Triglyceride (mmol/L) 1.02 +0.87 1.35+0.89 0.47

Table 3.3.5General characteristics of the type 1 diabetasmatwith established
disease and their matched controls. Mean valuesrsfar 8 patients per group.
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3.3.2.2 Serum pre-treatment with ProteoMinef™

Identification of protein biomarkers in serum candifficult due to the large dynamic
range of proteins present in this biological flugerum proteins span a concentration
range of 11 orders of magnitude, with the 20 mbsindant proteins representing 97-
99% of the total protein mass (Anderson and Ander2@02). The presence of high
abundance proteins interferes with detection of &dindance proteins, which may be
of importance to the biological dysfunction beinydsed. Therefore a new sample
preparation tool- ProteoMin€f, was used for the preparation of serum samplésisn

study.

ProteoMinef" facilitates compression of the dynamic range aftgin concentrations
by decreasing the concentration of a number of kvedlv high abundance proteins such
as albumin and IgG, hence enriching for medium &md abundance proteins.
ProteoMinef" is a column based procedure, whereby serum sangpespassed
through a column containing a highly diverse beasded library of combinatorial
peptide ligands, with each unique peptide liganddinig a unique protein. High
abundance proteins saturate their ligands and sxmegein is washed through, while
low abundance proteins are concentrated on thescifsp ligands (figure 4.3.1).
ProteoMinef” has many advantages over standard immunodeplegitimiques for
removal of the high abundance serum proteins. Bktiteer' ™ facilitates protein elution
in small volumes, combining low abundance prot@&ncentration and compressing of
the dynamic range in one step. While standard inodapletion techniques remove a
number of high abundance proteins but may stilvéedow abundance proteins
relatively dilute, requiring a separate concenigatstep. Immunodepletion may also
lead to co-depletion of low abundance proteinsnbérest (Shen, Kim et al. 2005),
whereas ProteoMingf prevents co-depletion of proteins bound to highinalance

proteins.
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Figure 4.3.1 Representation of ProteoMiri¥r protocol.
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3.3.2.3 Label-free LC-MS data analysis

Following the preparation of serum samples by Pidiaer™, label-free liquid
chromatography coupled to tandem mass spectrorfisdyMS/MS) was performed for
analysis of peptide composition in these sampl€>=MS/MS measures the peptide
constituents rather than intact proteins as peptae more suitable for LC analysis and
have better ionization properties. Trypsin was usegrotein digestion as it cleaves at
well-defined sequence locations, resulting in near@apping peptide mixtures
(Christin, Bischoff et al. 2011).

Label-free LC-MS/MS does not utilise isotopic ldlvg of proteins, instead, signal
intensities are directly compared between LC-MS/MBs. Label-free LC-MS/MS is
now being used more frequently where previouslytIBE gels were used as standard
for biomarker discovery. 2D DIGE gels have sevdéimitations including insufficient
resolving power to fully separate peptides in thk difficulty in analysing hydrophobic
proteins, restricted sample throughput, complex pd@ampreparation, incomplete
labelling, as well as high costs (Ong and Pand&120uli and Ressom 2009; Sandin,
Krogh et al. 2011). Label-free LC-MS overcomes ¢éhissues while allowing increased

proteome coverage compared to gel based techniques.

LC is the most commonly used method for separgiemides before downstream mass
spectrometry analysis (Tuli and Ressom 2009). Aonla@ system was used for this
proteomic profiling application, where the statipnghase consisted of silica based
C18 reverse phase column. The mobile phase usetstenh of a 10-35% gradient of
solvent B (98% acetonitrile, 0.04% FA) with solveAt (2% acetonitrile, 0.05%

trifluroroacetic acid) over a 150 minute period.vBese phase LC columns are most
suited for analysis of complex peptide mixturesl{@nd Ressom 2009) with the most
polar or hydrophilic peptides eluting first and ma®n-polar hydrophobic peptides

eluting towards the end of the 150 minute period.
The mass spectrometer consists of three main coemp&inthe ionisation source which

converts the eluting peptides into the gas ph&sentass analyser which separates the

ions based on the mass to charge ratio (m/z), laadiétector which registers relative
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abundance of ions (Tuli and Ressom 2009). In thidys tandem mass spectrometry
was employed. This incorporates several mass aralys series, which enables ions
from the first analyser (parent ions) to undergtision induced dissociation (CID) to
generate product ions which are then separatedi b@sen/z in the subsequent mass
analysers. Detection of parent and daughter iolmsvalextra confidence in peptide
identification. MS/MS spectral files from the maspectrometer containing m/z
information of parent and product ions of each jleptan be compared to identify
differentially abundant ions or peptides which da@ directly searched against a

database of proteins which have been digestedién.si

Data analysis was performed using Progenesis LCsbffvare available from Non-
Linear Dynamics. Raw MS data files were importedPtogenesis LC-MS software
package. A reference run is selected as the sawiptd is most representative of the
data, all additional sample runs are then aligoetthé reference sample run. Alignment
of sample runs allows correction of variable peptidetention times during
chromatographic separation and hence allows cosgarof different sample runs.
Once sample runs have been aligned, the softwdhersable to detect features in each
run. Detected features are then filtered basednaanava p-value of less than 0.2; this
cut-off value was chosen so as not to exclude taoynpeptides from the analysis, as
subsequent identified proteins would be filteredhwnore stringent criteria at a later
stage. From this list of filtered features a pnoaticomponent analysis (PCA) plot is
generated. The MS/MS data from this list of filgefeatures is then exported into the
external search engine MASCOT to match these ifleshtieatures to known peptides,
using the following search criteria: database-SwistgUniProt, enzyme-trypsin, allow
up to 2 missed cleavages, taxonomy-homo sapienged fi modifications-
carbamidomethyl (C), variable modifications-oxidati(M), peptide tolerance-10ppm,
MS/MS tolerance-0.8Da, and peptide charge-2+, 3*4n Once identifications have
been assigned, this information is then importedptogenesis. Various statistical
criteria can then be applied to identified peptitiegenerate a list of proteins. For this
experiment a statistical criteria of anova p-valess than 0.05, and peptide number

greater than 1 was applied to generate lists tdraifitially expressed proteins.
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3.3.2.4 All groups analysis

8 serum samples per group were included in thigmx@nt. One control sample (DS-
171) was incompatible for alignment with any refere sample selected, this may be
due to sub-optimal sample handling or a probleno@ated with the LC-MS run,
therefore this sample could not be used in the datdysis. All other sample runs
aligned with reference run without any problems:MGS data for all samples from each
group were imported to the progenesis softwarelekrgy control sample DS-171),
following successful alignment and filtering of deted features (anova p-valgé.2),

a PCA plot is generated. Figure 3.3.16 shows tha pIGt for all sample groups. The
pink spots represent the TIDM new samples whilgthrple spots represent the control
new samples, which are the matched controls fofTttieBM new samples. While they
didn’t form distinctly separate clusters, the cohtnew sample spots were clustered
quite closely on the bottom right part of the PClatpThe T1DM new sample spots,
while not as closely clustered, were mainly locatethe top left corner of the plot. The
autoimmune/inflammatory disease serum specimen® wepresented by the cyan
spots, these showed a very similar clustering patie the TLDM new samples. The
T1DM old samples were represented by the blue spbite the control old samples,
which are the matched controls for the T1DM old gke® were represented by the
orange spots. The T1DM old spots were mainly latatethe right portion of the plot
while the control old spots were located in theé édfthe plot. While each sample group
did not result in the formation of distinctly sep#r clusters, each sample group
clustered in a separate area of the plot. The lblsecriteria for peptide identification
(anova p-value 0.2) would also contribute to theygas not clustering as tight as we
would like, however, we did not want to apply tdorsgent criteria at this stage to
exclude peptides from the analysis, as identifiemtgins would be filtered using more

stringent criteria at a later stage.
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Figure 3.3.16PCA plot for all sample groups. Pink spots repne3d DM new samples, blue spots represent T1DMsaldples, purple
spots represent control new samples, orange sgatssent control old sample and the cyan spotesept the autoimmune samples.
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3.3.2.5 Type 1 newly diagnosed (T1DM new) versus iohed controls (control
new)

Progenesis analysis was performed in triplicatealbrcomparisons analysed, using a
different reference sample for each replicate. Sasnwith the highest number of
detected features were chosen as reference samplka®fore, 3 lists of differentially
expressed proteins were generated for each coropaisalysed (these lists are shown
in appendix C). Proteins common to all three hgése then identified, and reported in
the results section.

For the T1DM new versus control new comparison,fitst replicate was performed

with a T1DM new sample (DS-169) as reference santhpke second replicate with a
control new sample (DS- 175) and the third repdoatth another control new sample
(DS-178). A PCA plot was generated for each anslgsrformed. The PCA plot is used
to determine if the data clusters according toetkgerimental conditions. Figures 3.3.17
shows a very clear distinction between the T1DM aea control new sample clusters,
T1DM new samples are shown in pink, while the aantrew samples are shown in
blue. DS sample codes used in this study are ftkmtiodes given to serum specimens
as the volunteers are recruited, to avoid usingepathames to identify individual

specimens.

A list of differentially expressed proteins wascatgenerated for each replicate analysis
performed (see appendix C, table 1, 2 and 3). Pothat were common to all three
lists are identified in table 3.3.6, these includlee proteins complement C5, clusterin,
inter-alpha-trypsin inhibitor heavy chain H3, c-¢tee protein, POTE ankyrin domain

family member E and beta-actin-like protein 3.
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Figure 3.3.17PCA plot for TLDM new and control new samples. D&-tontrol new sample was used as reference rok.spots
indicate the T1DM new samples while the blue sputgate the control new samples.
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Average Normalised

Abundances
Accession Description Reference | Fold | Anova (p) | peptides| TIDM new [ Control New
run used
P01031 Complement C5 DS-169 +1.65 0.03 20| 1.88E+006 1.14E+006
DS-175 +1.74 0.004 20| 2.24E+006 1.28E+006
DS-178 +1.63 0.04 9| 4.70E+005 2.88E+005
P10909 Clusterin DS-169 +1.72 0.04 13| 1.78E+007| 1.03E+007
DS-175 +1.68 0.01 12| 2.68E+007 1.59E+007
DS-178 +1.57 0.02 4| 8.49E+005 5.41E+005
Q06033 Inter-alpha-trypsin inhibitor heavy chain | DS-169 +2.43 0.01 3| 9.40E+004 3.88E+004]
H3 DS-175 +2.7 0.007 5| 1.53E+005  5.66E+004
DS-178 +2.5 0.02 2| 8.37E+004 3.34E+004
P02741 C-reactive protein DS-169 +6.09 0.02 6| 1.22E+006 2.00E+005
DS-175 +6.22 0.01 4| 1.24E+006 1.99E+005
DS-178 +8.05 0.02 4| 4.21E+005 5.23E+004
Q6S8J3 POTE ankyrin domain family member E | DS-169 -1.97 0.02 3| 5.39E+004 1.06E+005
DS-175 -1.92 0.03 2| 6.34E+004 1.22E+005
DS-178 -2.02 0.03 3| 6.91E+004 1.40E+005
Q9BYX7 Beta-actin-like protein 3 DS-169 -1.98 0.02 2| 4.86E+004 9.63E+004]
DS-175 -1.92 0.03 2| 6.34E+004 1.22E+005
DS-178 -2.03 0.03 2| 6.31E+004 1.28E+005

Table 3.3.6Proteins differentially expressed in TIDM new conggito control new samples.

219



3.3.2.6 Type 1 diabetes with established diseaselOM old) versus matched

controls (control old)

The analysis of these groups was performed ini¢af@ using a different reference
sample for each replicate. The first replicate wadormed with a T1DM old sample

(DS-84) as reference sample, the second replicditearcontrol old sample (DS- 162)

and the third replicate with another control oldhgée (DS-39) as reference sample. A
PCA plot was generated (figure 3.3.18), showing thatinct clusters, however one of
the T1DM old samples (pink) clustered with the cohold samples (blue), rather than
with the other T1DM old samples.

A list of differentially expressed proteins wascatgenerated for each replicate analysis
performed (see appendix C, table 4, 5 and 6). iPthat were common to all three
lists were identified in table 3.3.7, these inclddthe proteins antithrombin IlI,
apolipoprotein E, apolipoprotein C-II, vitronectiingolin-2, ceruloplasmin, vitamin K-
dependent protein S, apolipoprotein A-1, transtityyy€4b binding protein alpha chain,
serum amyloid A-4 protein, mannan-binding lectinrse protease 1, apolipoprotein L1,
platelet factor 4, apolipoprotein C-1V, von willelmd factor, complement component
C8 beta chain, actin- cytoplasmic 2, complementofaél related protein 1, POTE

ankyrin domain family member E and beta-actin-fketein 3.
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Figure 3.3.18PCA plot for TLDM old and control old samples. D&BLDM old sample was used as reference run. Riatssndicate
the T1DM old samples while the blue spots indi¢h&econtrol old samples.
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Average Normalised

Abundances
Accession Description Reference | Fold [ Anova (p) | peptides| TIDM old | Control old
run used
P01008 Antithrombin-11| DS-84 -2.55 0.05 18| 6.43E+007 1.64E+008
DS-162 -2.31 0.03 17| 3.15E+007 7.27E+007
DS-39 -2.37 0.03 16| 2.79E+007 6.63E+007
P02649 Apolipoprotein E DS-84 -2.19 0.02 12| 1.46E+007 3.20E+007
DS-162 -2.05 0.02 15| 1.07E+007 2.19E+007
DS-39 -2.05 0.02 15| 1.05E+007 2.16E+007
P02655 Apolipoprotein C-ll DS-84 -2.41 0.01 4| 4.06E+006 9.79E+006]
DS-162 -2.25 0.01 5| 3.13E+006 7.05E+006
DS-39 -2.5 0.007 5| 2.76E+006 6.88E+006
P04004 Vitronectin DS-84 -1.72 0.03 5| 2.55E+007 4.39E+007
DS-162 -1.62 0.03 5| 1.71E+007 2.77E+007
DS-39 -1.57, 0.03 6| 1.76E+007 2.77E+007
Q15485 Ficolin-2 DS-84 -3 0.02 5| 5.81E+005 1.75E+006
DS-162 -2.81 0.02 7| 4.37E+005 1.23E+006
DS-39 -2.88 0.02 6| 4.10E+005 1.18E+006
P00450 Ceruloplasmin DS-84 +1.7 0.03 6| 5.53E+005 3.25E+005
DS-162 +1.44 0.04 8| 4.51E+005 3.13E+005
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DS-39 +1.6 0.03 7| 5.17E+005 3.23E+005
P07225 Vitamin K-dependent protein S DS-84 -2.47 0.05 7| 1.52E+006 3.75E+006)
DS-162 -2.13 0.006 4| 4.03E+005 8.59E+005
DS-39 -2.24 0.005 6| 4.03E+005 9.04E+005
P02647 Apolipoprotein A-I DS-84 -1.9 0.05 5| 2.66E+007 5.06E+007
DS-162 -1.76 0.04 4| 1.99E+007 3.50E+007
DS-39 -1.75 0.05 5| 1.96E+007 3.44E+007
P02766 Transthyretin DS-84 -2.69 0.04 4| 2.14E+006 5.74E+006)
DS-162 -2.39 0.03 3| 1.63E+006 3.91E+006
DS-39 -2.46 0.04 3| 1.51E+006 3.71E+006
P04003 C4b-binding protein alpha chain DS-84 -2.62 0.04 3| 5.67E+006 1.49E+007
DS-162 -2.39 0.03 3| 4.23E+006 1.01E+007
DS-39 2.4 0.03 4| 4.16E+006 9.97E+006
P35542 Serum amyloid A-4 protein DS-84 -2.34 0.02 2| 8.40E+005 1.97E+006
DS-162 -2.25 0.02 2| 5.16E+005 1.16E+006
DS-39 -2.37, 0.01 3| 5.00E+005 1.19E+006
P48740 Mannan-binding lectin serine protease 1 | DS-84 -1.97| 0.005 4| 4.04E+005 7.95E+005
DS-162 -1.95 0.002 4| 2.82E+005 5.49E+005
DS-39 -1.91] 0.002 4| 2.79E+005 5.35E+005
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014791 Apolipoprotein L1 DS-84 -4.07 0.003 7.27E+004  2.96E+005
DS-162 -2.44 0.03 7.75E+004 1.89E+005
DS-39 -2 0.02 1.25E+005 2.49E+005
P02776 Platelet factor 4 DS-84 -2.1 0.05 7.12E+005 1.49E+006
DS-162 -1.98 0.05 5.30E+005 1.05E+006
DS-39 -1.97, 0.05 5.22E+005 1.03E+006
P63261 Actin, cytoplasmic 2 DS-84 -3.42 0.03 1.28E+005 4.38E+005
DS-162 -3.14 0.02 1.45E+005 4 56E+005
DS-39 -3.09 0.03 1.52E+005 4.71E+005
Q9BYX7 Beta-actin-like protein 3 DS-84 -3.99 0.01 6.77E+004 2.70E+005
DS-162 -3.72 0.009 4.79E+004 1.78E+005
DS-39 -3.63 0.02 5.17E+004 1.88E+005
Q6S8J3 POTE ankyrin domain family member E | DS-84 -3.99 0.01 6.77E+004 2.70E+005
DS-162 -3.72 0.009 4.79E+004 1.78E+005
DS-39 -3.63 0.02 5.17E+004 1.88E+005
P55056 Apolipoprotein C-IV DS-84 -2.9 0.02 5.04E+004 1.46E+005
DS-162 -3.53 0.003 2.86E+004 1.01E+005
DS-39 -3.03 0.004 3.58E+004 1.08E+005
P04275 von Willebrand factor DS-84 -4.42, 0.02 1.76E+004 7.80E+004
DS-162 -3.51 0.01 1.67E+004 5.87E+004
DS-39 -3.9 0.01 1.41E+004 5.50E+004
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Q03591 Complement factor H-related protein 1 DS-84 -1.88 0.006 3| 2.30E+006 4.34E+006
DS-162 -1.74 0.02 3| 1.42E+006 2.47E+006
DS-39 -1.74 0.03 2| 1.34E+006 2.33E+006
P0O7358 Complement component C8 beta chain | DS-84 +1.46 0.01 3| 8.24E+004 5.64E+004
DS-162 +1.86 0.001 2| 6.35E+004 3.41E+004
DS-39 +1.91] 0.00005 2| 6.34E+004 3.31E+004

Table 3.3.7Proteins differentially expressed in T1DM old comgzhto control old samples.
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3.3.2.7 Type 1 newly diagnosed (T1DM new) versus piy 1 diabetes with
established disease (T1DM old)

The analysis of this comparison was performedipli¢ate using a different reference
sample for each replicate. The first replicate wadormed with a TI1DM new sample
(DS-169) as reference sample, the second repheittea TIDM old sample (DS-74)
and the third replicate with another T1DM old saDS-90). A PCA plot was
generated for this comparison (figure 3.3.19), shgwwo distinct clusters, however
one of the T1DM old sample- DS-29 (blue) clusteskghtly closer to the TIDM new
(pink), rather than with the other TLDM old samples

A list of differentially expressed proteins wascatgenerated for each replicate analysis
performed (see appendix C, table 7, 8 and 9). iPthat were common to all three
lists were identified in table 3.3.8, these incldidiae proteins complement C4-B,
prothrombin, clusterin, Ig mu chain C region, dntimbin Ill, Ig kappa chain C region,

vitronectin, vitamin K-dependent protein and apofipotein C-1.
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Figure 3.3.19PCA plot for TLDM new and T1DM old. DS-169 contsalmple was used as reference run. Pink spots tedlea TIDM
new samples while the blue spots indicate the TIldddvsamples.
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Average Normalised

Abundances
Accession Description Reference | Fold | Anova (p) | Peptides | T1DM new | T1DM old
run used
POCOLS5 Complement C4-B DS-169 +1.35 0.02 47 1.11E+08| 8.23E+07
DS-74 +1.45 0.01 46 1.56E+08] 1.08E+08
DS-90 +1.48 0.01 44 1.62E+08] 1.09E+08
P0O0734 Prothrombin DS-169 +1.39 0.05 19 3.08E+07| 2.22E+07
DS-74 +1.4 0.05 15 4.57E+07[ 3.27E+07
DS-90 +1.42 0.03 17 4.69E+07| 3.31E+07
P10909 Clusterin DS-169 +1.43 0.005 7 2.10E+07| 1.47E+07
DS-74 +1.42 0.003 9 3.31E+07| 2.34E+07
DS-90 +1.45 0.003 10 3.35E+07| 2.31E+07
P0O1871 Ig mu chain C region DS-169 +1.57 0.04 4 6.61E+06| 4.21E+06
DS-74 +1.57 0.04 5 1.26E+07] 8.04E+06
DS-90 +1.55 0.03 6 1.43E+07| 9.25E+06
P01008 Antithrombin-III DS-169 +1.44 0.006 10 2.35E+07| 1.63E+07
DS-74 +1.43 0.01 13 3.12E+07| 2.18E+07
DS-90 +1.46 0.007 13 4.18E+07[ 2.87E+07
P01834 Ig kappa chain C region DS-169 +1.54 0.03 4 6.15E+06| 4.00E+06
DS-74 +1.55 0.02 5 9.42E+06| 6.07E+06
DS-90 +1.58 0.02 4 9.56E+06| 6.06E+06
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P04004 Vitronectin DS-169 +1.45 0.03 1.72E+07| 1.18E+07
DS-74 +1.46 0.03 2.57E+07| 1.76E+07
DS-90 +1.42 0.03 3.39E+07| 2.38E+07
P07225 Vitamin K-dependent protein S DS-169 +1.71 0.007 6.27E+05] 3.67E+05
DS-74 +1.49 0.0009 6.24E+05 4.18E+05
DS-90 +2.2 0.003 6.16E+05 2.80E+05
P02654 Apolipoprotein C-I DS-169 +1.55 0.004 2.59E+06] 1.67E+06
DS-74 +1.56 0.002 3.78E+06| 2.42E+06
DS-90 +1.59 0.002 3.88E+06| 2.45E+06

Table 3.3.8Proteins differentially expressed in TLDM new conggto T1DM old.
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3.3.2.8 Target protein selection for follow up

Proteins for follow up were selected based on tpeiential interest in both the T1DM
new and T1DM old studies. Clusterin was identifeexi being up-regulated in TIDM
new samples relative to T1DM old (table 3.3.8) andtrol new samples (table 3.3.6).
Vitronectin was down-regulated in TLDM old samptetative to TIDM new (table
3.3.8) and control old (table 3.3.7). Vitronectiaswalso up-regulated in two of the three
replicates for TLDM new versus control new compmarigappendix C, table 1 and 2).
Vitamin K-dependent protein S levels showed the esgrattern as vitronectin. This
protein was down regulated in TIDM old samplestietato TIDM new (table 3.3.8)
and control old samples (table 3.3.7), it was alperegulated in two of the three
replicate comparisons of TIDM new versus contral samples (appendix C, table 1
and 2). Apolipoprotein L1 was down-regulated in ™M DId relative to control old
samples (table 3.3.6), while it was also down-ratpd in one of the replicates for

T1DM old versus T1DM new comparisons (appendixaBld 9).

These proteins were also selected on the basightbgthad no conflicting identified
peptides. Conflicting peptides are peptides thatat unique to the named protein, and
may be present in a number of other different pmsteéPerforming each comparison in
triplicate with different reference samples, aslwaslassigning filter criteria of anova p-
value less than 0.05 and proteins with no configctpeptides allowed identification of
the most robustly changed proteins in the samptedysed. Using these criteria,
clusterin, vitronectin, apolipoprotein L1 and vitamK-dependent protein S were

selected for follow up validation in a larger cahof patient samples.

Control new and control old samples were compaoedetermine if protein changes
seen in disease versus control samples were rdtatiidease phenotype or were related
to control samples used. A PCA plot of control namd control old samples was
generated (appendix C, figure 1), this indicateat BS-7 was a slight outlier for the
control old group. Differentially expressed protégts were generated with and without
the DS-7 outlier sample (appendix C, table 10, &dl &2). Apolipoprotein L1 and
vitronectin were unchanged in the control old verthe control new comparison, with

and without outlier DS-7 sample included in anaysihis indicates that changing
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levels of these proteins are due to the diseasaogyme. Clusterin and vitamin K-
dependent protein S were seen to be up-regulatéeeinontrol old samples relative to
the control new samples in comparisons with andhaut outlier sample DS-7
(appendix C, table 10, 11 and 12). However, asetlpesteins were also identified as
being differentially expressed in the TLDM new wesrsf1DM old comparison (table
3.3.8), therefore their differential expressionnst alone due to the control samples

being used.

Protein changes between autoimmune (n=8) and dos&mples (n=16) were also
analysed, to determine if protein targets iderdifie the TIDM study were specifically
type 1 diabetes related, or if they were generédiaumune or inflammation related
proteins. Three lists of differentially expressedtpins were generated for autoimmune
versus control sample comparison, using controlpsesnDS-175, DS-178 and DS-39
as reference run, complete lists shown in appe@ditable 13, 14 and 15. No changes
in vitronectin, clusterin or vitamin K-dependentof@in S were seen in any of the
autoimmune versus control comparisons, indicativag thanges in these protein levels
in the T1DM study were specifically diabetes refat®ne of the three comparisons
(appendix C, table 14) showed decreased levelgpalipmprotein L1 in autoimmune
samples. Therefore, it is possible that decreaseeld of apolipoprotein L1 in TIDM
old samples could be related to a general autoinemum inflammatory response.
However, as apolipoprotein L1 were increased in Mliew samples, this protein for

selected for validation studies.
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3.3.2.9 ELISA validation of target proteins

Protein targets identified in label-free LC-MS studiere validated using ELISA
technology. Validation was performed on the sam&l®M new, T1DM old and
control samples which were used in the label-fitieelys as well as an additional 22

T1DM old and control old samples.

3.3.2.9.1 Vitronectin

Vitronectin: TLDM new vs. control new

Label free proteomics analysis showed vitrone@uels to be significantly increased in
T1DM new samples compared to controls by approaigat.44 fold. An ELISA kit
was sourced from American Diagnostica GmbH (cataogumber 803) for validation
of this target protein (protocol outlined in seati@.6.1.1). ELISA detection of
vitronectin in these same T1DM new and matched rottshowed no change in
vitronectin levels, with a fold change of 1.02 (fig 3.3.20). Looking at each individual
matched pair separately (figure 3.3.21), vitrometdvels were higher in the TLDM new
specimens in four of the eight matched pairs.
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Figure 3.3.20Average vitronectin serum concentration in T1DMvrend control new
specimens. Error bars indicate standard deviation.
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Figure 3.3.21Vitronectin serum concentrations in 8 TLDM new aodtrol new serum
specimens.
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Vitronectin: T1DM old vs. control old

In TAIDM old compared to control old serum specimarigonectin was shown to be
significantly reduced in the label free proteomiperiment by approximately 1.64 fold.
Validation of this target was performed in a largehort of 30 T1DM old samples,
including the samples used for the label free pmoies experiment. ELISA validation
also showed reduced vitronectin levels (1.14 fabdY1DM old samples compared to
matched controls (figure 3.3.22). The student’sst-tindicated that this reduction in
vitronectin was significant with a p-value lessrtia05.

Looking at each individual matched pair, reducdtbwiectin levels in T1DM old serum

is seen in 23 of the 30 matched pairs (figure 3)3.2
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Figure 3.3.22Average vitronectin serum concentrations in 30 Ml&ld and 30 control
old serum specimens. Error bars indicate standavhtion.
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Figure 3.3.23Vitronectin serum concentrations in 30 T1DM olal&® matched control old serum specimens.
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Vitronectin: TIDM new vs. T1DM old

In the label free proteomics experiment vitronedtivels were significantly decreased
in T1DM old serum specimens compared to TIDM neecspens by approximately
1.44 fold. On expansion of the T1DM old sample ablio 30 specimens vitronectin
levels were unchanged (1.02 fold) in TIDM new arDW old serum specimens,
according to ELISA quantification (figure 3.3.24).
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Figure 3.3.24Average vitronectin serum concentration of TADMvr(@=8) and T1DM
old (n=30) serum specimens. Error bars indicatedstal deviation.
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3.3.2.9.2 Clusterin

Clusterin: TLDM new vs. control new

Clusterin protein levels were found to be signifita up-regulated (1.66 fold) in TADM
new (n=8) versus control new samples (n=8) fromldbel free proteomics experiment.
This target was validated using a clusterin ELISAursed from phoenix
pharmaceuticals (catalogue number EK-018-35) instime T1DM new and control
new serum specimens (protocol outlined in secti@12?); however, the same trend
was not seen (figure 3.3.25). Looking at the ELIESults of each matched pair
individually (figure 3.3.26), 6 of the 8 sets of ttlzed pairs show reduced clusterin
levels in TIDM new sample compared to control. Tireased clusterin expression
detected in the label-free experiment may have lskewed by the outlier TAIDM new
sample in pair 1 (figure 3.3.26), which shows alimdsuble the level of clusterin

compared to the other TADM new samples analysed.
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Figure 3.3.25Average clusterin serum concentration of TLDM rew8) and control
(n=8) serum specimens. Error bars indicate standiewdtion.
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Figure 3.3.26Clusterin serum concentrations of 8 TLDM new aradiamed control new
serum specimens.
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Clusterin: T1DM old vs control old

Clusterin levels were unchanged in T1DM old andtiadrold samples from the label-
free proteomics results. No change in expressieal lef this protein was seen when 30
T1DM old and 30 control samples were analysed (&g8.3.27). Looking at the
matched pairs individually (figure 3.3.28), lardectuations in clusterin expression was
seen in both control and T1DM old serum specimé&fsof 30 matched pairs showed
lower clusterin levels in T1DM old samples relatieecontrol; with the remaining 14
pairs showing higher clusterin levels in the T1DM samples (figure 3.3.28).
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Figure 3.3.27Average clusterin serum concentration of TLDM @¢30) and control
old (n=30) serum specimens. Error bars indicatedstal deviation.
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Figure 3.3.28Clusterin serum concentrations in 30 T1DM old 8Adnatched control old serum specimens.



Clusterin: T1DM old vs. TIDM new

Clusterin expression was significantly up-reguldtgdl.43 fold in TLDM new samples
relative to TIDM old samples according to the lebeé proteomics analysis. However,
validation of clusterin expression by ELISA in 3@a0M old samples and the same 8
T1DM new samples used in the initial analysis shebw® significant change in
clusterin expression (figure 3.3.29).
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Figure 3.3.29Average clusterin serum concentration of TIDM @¢30) and T1DM
new (n=8) serum specimens. Error bars indicatelstandeviation.
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3.3.2.9.3 Vitamin K-dependent protein S

Vitamin K-dependent protein S: TLDM new vs. controlnew

Vitamin K-dependent protein S was found to be s$igamntly up-regulated in T1DM
new serum compared to control new serum, by apprately 1.42 fold, from the label
free proteomics experiment. An ELISA kit was sodrée®m USCN Life Science Inc.
(catalogue number E1971h) for validation of thigyéd protein (protocol outlined in
section 2.6.1.3). On validation of this target pmtusing ELISA with the same T1DM
new and control new samples, vitamin K-dependermtepr S was seen to be
significantly down-regulated in TLDM new samples1bg4 fold (figure 3.3.30). Figure
3.3.31 shows the individual levels of vitamin K-dedent protein S in each of the
matched pairs. Lower levels of vitamin K-dependamtein S are seen in TLDM new
samples for 6 of the 8 matched pairs. One matclagdspows no change, while one

pair shows higher vitamin K-dependent protein lewn the TIDM new specimen.
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Figure 3.3.30Average vitamin K-dependent protein S serum cotnagan in T1DM

new (n=8) and control new (n=8) serum specimensorEbars indicate standard
deviation.
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Figure 3.3.31Vitamin K-dependent protein S serum concentratiohlDM new and
matched control serum pairs.
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Vitamin K-dependent protein S: T1DM old vs. controlold

In TIDM old compared to control old label free mmtic analysis, vitamin K-
dependent protein S was significantly down-regalate TAIDM old serum specimens
by approximately 2.28 fold. ELISA validation of shtarget was performed using an
expanded cohort of 30 T1DM old and 30 control @dhples; however no significant
change in vitamin K-dependent protein S levels waen in these samples (figure
3.3.32). Looking at each matched pair individudflgure 3.3.33) no consistent change
was seen in vitamin K-dependent protein S exprassios target was present at lower
levels in T1IDM old serum in 15 of the 30 matchedrgahigher levels in 14 of 30
matched pairs, and no change in one pair.
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Figure 3.3.32Average vitamin K-dependent protein S serum comagan of T1DM

old (n=30) and control old (n=30) serum specimdagor bars indicate standard
deviation.
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Vitamin K-dependent protein S: T1DM old vs. TIDM newv

Label free proteomics analysis identified vitamind&pendent protein S as being
significantly up-regulated in TIDM new serum speens compared to T1DM old.
However, on expansion of the T1DM old cohort, ELI§Aantification of vitamin K-
dependent protein S found no significant changkevels of this target in TLDM new
and old serum (figure 3.3.34).
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Figure 3.3.34Average vitamin K-dependent protein S serum cotmagan in T1DM

old (n=30) and T1DM new (n=8) serum specimens. Ebyars indicate standard
deviation.
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3.3.2.9.4 Apolipoprotein L1

Label free proteomics analysis showed a signifi@a84 fold decrease in apolipoprotein
L1 in T1DM old serum relative to control old seruim,addition to a 1.88 fold decrease
when T1DM old specimens were compared to T1DM nagecisnens.

The human apolipoprotein L1 ELISA used for thisidalion study was sourced from

USCN Life Science Inc. (catalogue number E9374HoWwever no suggested serum
dilutions were included in this kit. Therefore, apolipoprotein L1 concentration

estimation was performed using two serum sampld®KT old sample DS-100 and

T1DM new sample DS-170), and three dilutions ofheaample, at 1:10, 1:500 and
1.5,000, as well as the lowest and highest poirtsthe standard curve. The

apolipoprotein L1 ELISA used for this experimenthased on a sandwich ELISA

technique (protocol outlined in section 2.6.1.4)erefore higher concentrations of
apolipoprotein L1 should lead to high absorbaneglirgs at 450nm. For each sample
analysed, the 1:10 dilution showed the highest rflasee, with a lower absorbance
reading for the 1:500 dilutions, as expected. H@veabsorbance readings for 1:5,000
dilutions showed higher absorbance reading thariLth@0 dilutions for both samples

tested (table 3.3.9). As the lowest dilution (1:Jp)sorbance readings were only
marginally above the lowest standard curve readhegefore a 1:5 dilution was chosen
to perform ELISA on all remaining samples.

Sample Absorbance
1.25ng/mL standard 0.21
80ng/mL standard Too high
DS-100 1:10 dilution 0.349
DS-100 1:500 dilution 0.120
DS-100 1:5000 dilution  0.262
DS-170 1:10 dilution 0.297
DS-170 1:500 dilution 0.138
DS-170 1:5000 dilution  0.251

Table 3.3.9 Apolipoprotein L1 serum concentration estimatidbsorbance values
measured at 450nm for two serum samples (DS-100D8d70), serially diluted to
1:10, 1:500 and 1:5000.
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8 T1DM new and controls, as well as 30 T1DM old amatched control samples were
diluted 1.5 before performing the apolipoprotein ELISA. All sample absorbances
were below the lowest point on the standard cutherefore apolipoprotein L1

concentrations could not be deduced. DS-100 and TiSsamples which were used for
the concentration estimation were also diluted dnél assayed again with all other
samples. However, the absorbance reading was ltveer the lowest point on the
standard curve for DS-170, and the DS-100 absoebasading was lower than the
blank absorbance reading of the standard diludatisn.

The low absorbance readings of serum samples nuigate that apolipoprotein L1
levels were beyond the level of detection, howewasr,more dilute samples showed
higher absorbance readings during the concentrashimate, this may indicate that
these pre-coated ELISA plates may not have beeforomy coated with the anti-

apolipoprotein L1 capture antibody.
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3.3.2.10 Summary of proteomic biomarker study

Label-free proteomics and ELISA validation resitiseach target analysed are shown
in table 3.3.10. Only two comparisons reached stedil significance when validated
using ELISA technology, 1) vitamin K-dependent piotS, in the TIDM new versus

control comparison, and 2) vitronectin, in the T1M versus control comparison.
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T1DM new vs control new

T1DM old

vs control old

T1DM new vs T1DM old

Proteomics ELISA Proteomics ELISA Proteomics ELISA
(n=8) (n=8) (n=8) (n=30) (n=8) (TIDM
new=8, T1DM
old=30)
Vitronectin 1.45 fold up in| No change 1.64 fold down in 1.14 fold down in 1.44 fold up in No change
T1DM new T1DM old T1DM old T1DM new
(2/3) (significant)
Clusterin 1.66 fold up in| No change No change No change 1.43 fold up in| No change
T1DM new T1DM new
Vitamin K- 1.42 fold up in| 1.24 fold down | 2.28 fold down in | No change 1.80 fold up in | No change
dependent T1DM new in TADM new T1DM old T1DM new
protein S (2/3) (significant)
Apolipoprotein | No change Un-measurable 2.84 fold down jrun-measurable 1.88 fold up in | Un-measurable
L1 T1DM old T1DM new (1/3)

Table 3.3.10Changes in target protein levels according to kes proteomic analysis and ELISA validation
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3.3.3 Metabolomic profiling of type 1 diabetes sem

Metabolomics is the study of all metabolites ina@ganism and how they change in
relation to a biological perturbation. In compansto other ‘omics’ technologies
metabolomics provides the added advantage of ngttaking into account genetics,
but also the effects of lifestyle, diet and envir@nt of the individual being analysed.
The Human Metabolome Database (HMDB) is an eleairatatabase containing
information on all known small molecule metabolitesthe human body (Wishart,
Knox et al. 2009). Currently, HMDB contains infortima on over 7,900 metabolites.

Metabolites can vary greatly in their physical prdfes, as of yet no single technique is
capable of detecting and quantifying such a divemege of compounds. The diagnostic
company Metabolon incorporate three independenysisalatforms in their procedure
for metabolite profiling, in order to get maximuraparation of the different types of
biochemicals present in the samples. Two separita-high performance liquid
chromatography / tandem mass spectrometry (UHPL@WB$ injections and one
GC/MS injection are performed per sample. One UHRASIMS injection was
optimised for detection of positive ions while teecond injection was optimised for
negative ion detection. While the GC/MS platfornhowk for better separation of
carbohydrates which are difficult to detect with h@thods.

Two types of metabolomic analysis exist, targetewl anon-targeted. Targeted
approaches allow for highly sensitive metaboliteedgon, over a wide dynamic range.
However, only metabolites which are targeted fotedigon will be profiled; hence,

unknown biochemicals of potential biological relega may be missed. The non-
targeted approach employed by Metabolon allowsctiete of all small molecules

present in the sample being analysed, compoundaciesistics are then compared
against Metabolon’s proprietary library of chemistndards. This platform also allows
for detection of new metabolites not yet documeimeitie reference library. Therefore,
non-targeted metabolomic profiling allows the gesatbiochemical coverage for

analysis of the human metabolome (Evans, DeHavah 2009).
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This study aimed to identify small molecule biomask in newly diagnosed type 1
diabetes serum specimens, to potentially aid ity edagnosis of type 1 diabetes. It is
generally believed that by the time of diagnosistygde 1 diabetes, up to 90% of
pancreatic beta cells exhibit either impaired be##l function or have undergone
apoptosis as a result of autoimmune mediated affédeitveyenko and Butler 2008).
Once such a significant portion of beta cell mas$ost, patients will require insulin
therapy for the remainder of their life. For thesason, it is of great interest to identify
biomarkers for early detection of type 1 diabetesallow treatment of autoimmune
disease before substantial pancreatic damage basloae.
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3.3.3.1 Patient characteristics

Metabolomic profiling of diabetes serum samples waedormed by Metabolon Inc.
USA. Serum from newly diagnosed type 1 diabeté¢ieips (3.14 £ 2.66 months mean
duration since diagnosis) and age/BMI/gender maidhealthy controls (n=8) were
used for the analysis. Table 3.3.11 shows the gérdraracteristics of patients
involved in the study.

Type 1 Diabetes Patients Healthy Controls

() (n=8)
Age (years) 26£5 27 %2 0.50
BMI (Kg/m?) 24.64 4.2 24.94 2.6 0.87
Fasting glucose 6.49 = 3.06 4.49 +0.37 0.11
(mmol/L)
HbA1lc (%) 7.69 +£1.96 5.15+0.30 0.008
Cholesterol (mmol/L) 4.29 +0.55 5.05+0.44 0.018
HDL-cholesterol 1.25+0.42 1.35+0.39 0.63
(mmol/L)
LDL-cholesterol 253+041 3.19+0.55 0.02
(mmol/L)
Triglyceride (mmol/L) 1.09+0.38 1.37+£1.07 0.50

Table 3.3.11General characteristics of the study populatioeaMvalues shown for 8
patients per group.
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3.3.3.2 Identification of metabolite targets

An internal standard was added to each sample édédfgection onto the mass
spectrometers. Instrument variability was deterihiri®y calculating the median

relative standard deviation (RSD) for the interstdndard (table 3.3.12). A small
amount of each study sample was also used to cagadenogenous pool called the —
client matrix. Technical replicates of this clienatrix were used to determine overall
process variability by calculating the median iigkatstandard deviation of all

endogenous metabolites (table 3.3.12). Processbilty as measured by median
RSD passed Metabolon’s quality control criteridlga3.3.12). Metabolon recommend

an RSD cut off value of 13% to ensure minimum psscvariability.

Overall, 302 biochemicals were detected in theraesamples. Biochemical data was
analysed using two different methods- Welch’s taoiple t-test was used to compare
disease group versus control group as a wholegwhdtched pairs t-test was used to
analyse the individual matched pairs. A p-valuéest than or equal to 0.05 was used
as a cut-off for identification of significantlyféerent biochemicals.

Comparing disease group to control group- 19 biocbals reached statistical
significance, with 5 biochemicals at higher levafsl 14 biochemicals at lower levels
in disease group relative to control. A further diBchemicals were just beyond the
level of significance and were termed ‘approachsmgpificance’, with p-value greater
than 0.05 but less than 0.1. Of the 13 biochemiap[sroaching significance 4 were
present at higher levels and 9 at lower levelsseate versus control specimens (table
3.3.13).

The matched pairs analysis showed very similarlt®go the group analysis. 21
biochemicals were significantly different, 5 of whiwere at higher levels and 16 at
lower levels in disease versus control. 11 bioclkalsi were in the approaching
significance group, 6 of which were at higher levahd 5 at lower levels in disease
group (table 3.3.13).
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QC sample Measurement Median RSD

Internal standards Instrument variability 4%

Endogenous Metabolites  Overall process variabilftyl%

Table 3.3.12QC measurements of instrument and process vatyabil

Welch's Two-Sample Matched Pairs

t-Test t-Test
Biochemical with p< 0.05 19 21
Biochemicals () 5|14 5|16
Biochemicals approaching significance 13 11
0.05<p>0.10
Biochemicals () 4|9 6|5

Table 3.3.13Biochemicals detected at significantly alteredelsvin type 1 newly
diagnosed diabetes versus control serum specimens.

Table 3.3.14 lists all biochemicals which were tifeed as significantly different

either by Welch’s two-sample analysis or by matcped analysis. The fold change
for the matched pair analysis is reported as tlezame fold changes for each of the
individual matched pairs. Direction of fold charfge all biochemicals in table 3.3.14
iIs consistent whether analysed with Welch’s two @anmanalysis or matched pair
analysis, although in a limited number of caseshibehemical only reaches statistical
significance with one of analysis methods. Box arsker plots of all significantly

different biochemicals are shown in appendix Duyrfegl.
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Metabolite

Group Analysis

Matched Pairs Analysis

Fold Change P-value

1,5-anhydroglucitol

fibrinogen cleavage peptide

caffeine

isovalerylcarnitine

Theophylline

1-pentadecanoylglycerophosphocholine

Paraxanthine

malate

3-carboxy-4-methyl-5-propyl-2-furanpropanoa

1,7-dimethylurate

2-methylbutyroylcarnitine

glucose

arginine

N-acetyl threonine

hexanoylcarnitine

catechol sulfate

sebacate

2.85
2.67

2.5
1.92

1.82
1.78
1.72

1.67
1.64
1.58
1.56
1.54 0.0337

1.49 0.0256
1.49
1.47 0.0081
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Average Fold Change P-value
2.7 0.0063
5.01 0.012
1.96 0.0156
1.69 0.0138
1.61 0.0316
1.67 0.0053
1.51 0.0358
1.61 0.0022
1.67 0.0176
1.43 0.0474
1.41 0.0469
1.59 0.0175
1.59 <0.001
1.35 0.0659
1.33 0.0746
1.59 0.0027
1.41 0.0239




propionylcarnitine 1.39 0.0209
succinylcarnitine 1.37 0.0441
1,3-dimethylurate 1.37 0.0223
urate 0.0281
5-oxyproline 1.16 0.0082
Glutamine 1.14 0.0361

Table 3.3.14Significantly altered biochemicals in newly diaged type 1 diabetes specimens compared to healttiyots. Red boxes
indicate biochemicals which are present at sigaifity higher levels in newly diagnosed type 1 diabeserum specimens compared to
control specimens. Green boxes indicate biochemighich are present at lower levels in type 1 dedserum specimens compared to
control specimens.
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3.3.3.3 Validation of metabolomics targets

Fibrinopeptide A — T1DM new Vs. Control new

Fibrinopeptide A (FPA) levels were increased in M.Dew samples according to the
metabolomics analysis by 2.67 and 5.01 fold ingheups and matched pairs analysis
respectively. Levels of this peptide were assessdlde same T1DM new and control
samples using an ELISA (Hyphen BioMed catalogue emmRKO16A) (protocol
outlined in section 2.7.1). ELISA confirmed a siggant increase (1.8 fold) in FPA
levels in TLDM new samples (figure 3.3.35).

Figure 3.3.36 shows ELISA quantification of FPAimdividual matched pairs. Fold
change for pair 2 and pair 3 was 10 and 14 folgeaetsvely according to metabolomics
analysis, however, according to ELISA quantificafitold changes for these pairs was
1.37 and 1.49 respectively.

258



*** p-value 0.0002
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Figure 3.3.35Average FPA concentration in TLDM new (n=8) andtoal (n=8) serum
specimens. Error bars indicate standard deviation.
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Figure 3.3.36FPA concentration in each TLDM new and matchedrobspecimen.
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Fibrinopeptide A- Type 1 old versus control old

To test whether increased FPA levels was spedifisalen in newly diagnosed T1DM
patients, or a more general diabetes related el#8#, levels were assessed in TIDM
patients with established disease (T1DM old). Nange in FPA levels was seen in
T1DM old (n=30) compared to matched controls (nS8@ure 3.3.37).

Figure 3.3.38 shows FPA levels in individual T1DM eatched pairs. FPA was down-
regulated in TIDM old in 11 of 30 matched pairsjlevit was up-regulated in 17 of 30

matched pairs.
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Figure 3.3.37Average FPA concentration in T1DM old (n=30) comgubto controls
(n=30). Error bars indicate standard deviation.
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Fibrinopeptide A- Type 1 old versus control old
FPA levels were assessed in TIDM new (n=8) comparetdlDM old (n=30) serum
specimens, however, no significant change in espyaslevels was seen in these

groups (figure 3.3.39).

50

40

30

FPA concentration (ug/mL

T1DM new T1DM old

Figure 3.3.39Average FPA concentration in TIDM new (n=8) andWLold (n=30)
serum specimens. Error bars indicate standard tilmvia
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FPA levels were decreased significantly in contrelv samples relative to TIDM new
and control old samples (figure 3.3.40). Thereftifeerential expression seen in figure
3.3.35 seems to be related to the control samed wather than a disease specific

change.
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Figure 3.3.40 Average FPA concentration in T1DM old (n=30), cohtold (n=30)
T1DM new (n=8) and control new (n=8) serum specisné&ignificance indicated by *
<0.05, **<0.01, *** < 0.005. Error bars indicate standard deviation.
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3.3.3.4 Summary of metabolomic biomarker study

» Metabolomic profiling of TLDM new and control nearsples (n=38)
» 23 differentially expressed metabolites
o Mostly relating to carbohydrate, energy and lipidtaiolism
o Caffeine metabolites related the increase coffeswmption of
controls
» Fibrinogen cleavage peptide- fibrinopeptide A sedddor validation
o T1DM new and control new (n=8)
o T1DM old and control old (n=30)
o Fibrinopeptide A levels decreased in young corgrolup, unrelated to

disease phenotype.
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4.0 Discussion
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4.1 MicroRNAs with a role in glucose stimulated inglin secretion

The aim of this study was to gain insight into noolar mechanisms governing
regulated insulin secretion, in particular the riflat miRNAs play in this process. To
begin to identify miRNAs related to the pancredtrta-cell phenotype, a study of
MIiRNAs involved in regulated insulin secretion wpsrformed, using the rodent
insulinoma cell line MIN6. Two independent poputais of MING cells were analysed
i.e. glucose responsive compared to glucose ngonssve cells. In order to identify
MIRNASs involved in GSIS, it was necessary to scraépossible miRNAs to check for
differential expression between these two MING aats.

TLDA systems have been developed for this purpibss;, enable relative quantification
of expression of 365 different miRNAs using TagMaal-time PCR chemistries. The
TLDAs used here were designed for analysis of hume&RNA expression; however,

the GSIS cell line model used in this study wamatfine origin (as there are no human
GSIS cell lines available for analysis). In orderavercome this problem, human and
murine homology comparisons were performed usiegnifRNA database, miRBase,
to determine the quantity of miRNAs conserved betwihe two species. 67% of the
365 miRNAs were found to be conserved between huananmouse. Due to this high
level of conservation, the human TLDAs were deerseithble for profiling murine

MIRNA expression.

Of the remaining 33% of the human miRNAs represkmte the TLDA card, which
were thought not to have a murine homolog accortiingiiRBase (release 18; as of
November 2011), during the course of this studypPthese miRNAs were discovered
to be reproducibly detected in all murine RNA sésgevaluated. Prior to this analysis,
1283 miRNAs were known to be present in the musipecies (miRBase, release 18; as
of November 2011). The result from the study regmbtiere potentially increases this to
1304 murine miRNAs, indicating the high level ofngalexity of post-transcriptional
regulation in this species.

As indicated in figure 3.1.1, MING cells secretsuhin in a glucose regulated manner;

however, with increasing time in culture they ldss GSIS phenotype. Using TLDAS
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to identify miRNAs involved in the GSIS mechanisapanel of 12 miRNAs (i.e. mir-
376a, -369-5p, -130a, -27a, -410, -124a, -200a/,-&32, -320, -192 and -379) were
identified as down-regulated in glucose non-respensells compared to glucose

responsive cells (table 3.1.2).

Previous microarray and proteomic profiling studies our laboratory identified
MRNAs (Gammell 2002; O'Driscoll, Gammell et al. 80Rani 2008) and proteins
(Dowling, O'Driscoll et al. 2006) differentially pressed in GSIS responsive compared
to non-responsive MIN6 and MIN6 B1 cells. The miBaralgorithm was applied to
determine if any of these mRNAs and proteins coethipotential binding sites for
regulation by the miRNAs identified in this studg @otentially being involved in
regulating GSIS (table 3.1.4). A number of mRNAsgsidered to be important for beta
cell function such as neuroD1 and Isll, containeteqtial binding sites for miRNA
regulation. Thioredoxin-interacting protein (Txnip)dentified as up-regulated in
glucose non-responsive compared to GSIS respoMiiNé B1 cells (Rani 2008), is an
inhibitor of thioredoxin which plays a role in rexng oxidative stress. It is thought
that, through this mechanism, Txnip reduces theagle responsiveness of MING cells.
Conversely, down-regulation of Txnip (and hence aeah of the repressive effects on
thioredoxin) led to improved glucose responsiverwsBlING cells (figure 4.1) (Rani
2008).
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Figure 4.1 shRNA-mediated knock-down of Txnip led to a sigraht increase in GSIS
in sh-1 clone (Txnip shRNA-transfected cells cléig. Changes in sh-3 and sh-9
clones were not statistically significant. Perfodhiiy Dr. Sweta Rani (Rani 2008).

Here we report that Txnip contains a potential lmgdsite for mir-130a and mir-200a
regulation. Furthermore, knockdown of mir-200a amd-130a expression led to
reduction of GSIS in MING cells (figure 3.1.7 angure 3.1.8), although it has yet to be
established if the effects of mir-130a and mir-2@ba GSIS are directly mediated
through Txnip. A previous study has also identifieit-130a as being regulated by
hyperglycaemia in a comparison of islets from theto=Xatizaki rat model of type 2

diabetes compared to control rats (Esguerra, Bamesal. 2011).

In this study, anti-mir transfections suggest tkabvckdown of mir-410 (figure 3.1.5),
mir-200a (figure 3.1.7) and mir-130a (figure 3.1r8py decrease the magnitude of
GSIS in MING6 cells, while pre-mir transfections gegt over-expression of mir-410
(figure 3.1.6) may increase the GSIS response dfiéVitells. However, the likely
involvement of multiple miRNAs in GSIS and fluctigats in the GSIS assay makes it
difficult to arrive at definitive functional assigrents for individual miRNAs. Little is
known of mir-410 in general, and its role in pamti®@ beta cells has not been
previously identified. This study suggests mir-4ti@y be involved in the regulation of

insulin secretion, as manipulation of this miRNANHNG cells led to changes in the
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GSIS of these cells, although the mechanisms threuygch it functions still remain to

be deciphered.

Previous studies have reported mir-375, mir-9 andd@ to play a role in regulation of
insulin secretion in rodent cell models (Poy, H@s et al. 2004; Plaisance,
Abderrahmani et al. 2006; Lovis, Gattesco et ab&®Ramachandran, Roy et al. 2011).
However, in this study, mir-375, mir-9 and mir-9&ne not differentially expressed
between the two populations, indicating that thesl@f GSIS in these cells may
potentially bevia a myotrophin- and granuphilin- independent medranin relation to
mir-124a, over-expression in MIN6 Bl cells can cimitte to increased insulin
secretion at basal glucose levels and decreasadininsecretion in response to
stimulatory glucose levels (Lovis, Gattesco e808). Conversely, in MIN6 and INS-
1E cells mir-124a was found to affect intracelldtae calcium levelsvia Foxa2 and its
downstream targets i.e. potassium channel sub&uR1l and Kir6.2), no effects on
insulin secretion were observed (Baroukh, RaviealeR007). In agreement with this
latter study, we did not observe any effect on G819VIING6 cells following over-
expression or knockdown of mir-124a (section 37),4suggesting that this effect may

be somewhat specific to the MIN6 B1 clonal popolati

While we identified potential functional relevance GSIS for some of the 12
differentially expressed miRNAs identified in thétudy, a number of those identified
here did not exhibit any functional effect on GS¥Ben their levels were manipulated
in MING cells. These miRNAs may require combinetdacof more than one miRNA,
as miRNAs were only tested individually. Alternaiy, these miRNAs may be

involved in other changes the cells are undergasithey lose their GSIS.

The GSIS response of MING6 cells displays consideraay-to-day variation, while
being the best cell-line model available for thedgtof regulated insulin secretion; it is
not robust or routinely dependable. Pluripoteninstells represent a potential route for

the generation of a human pancreatic beta cell hfodstudying GSIS.
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4.2 Generation and differentiation of iPS cells

Generation of the first induced pluripotent stef@S) cells in 2006 (Takahashi and
Yamanaka 2006) revolutionised the area of stenresdlarch. This discovery represents
the most significant development in stem cell redeaince the isolation of the first
human embryonic stem (ES) cell lines in 1998 (Thamdtskovitz-Eldor et al. 1998).
IPS cells hold several advantages over ES cellsna#uiPS cells can be used for
autologous tissue repair or replacement, withoatdthical and immunological issues
associated with ES cells. An additional advantag®$ cells lies in their potential for
modelling human diseases, for analysis of diseasehanisms and for screening of
potential drug candidates (Yamanaka and Blau 2010).

4.2.1 Generation of iPS cells using retroviral trasduction

IPS cells were first generated by Yamanaka andeaglles in 2006. They used
retroviral transduction to over-express four traupgion factors- oct4, sox2, c-myc and
kif4 (Takahashi and Yamanaka 2006; Takahashi, Taealal. 2007). In this study we
used lentivirus transduction for over-expressiomhelse four factors. Lentiviruses are a
subclass of the retrovirus family, but hold severahsduction related advantages over
retroviruses such as MMLV. Lentiviruses can infant stably integrate into the host
genome in both dividing and non-dividing cells, wdas retroviruses are limited to
dividing cells (Naldini, Blomer et al. 1996), th&ee increasing the range of cell types
which can be used for iPS cell generation. Lenisas also elicit a lower immune
response in target cells, relative to retrovird&ddini, Blomer et al. 1996). Generation
of IPS cells using lentiviral transduction has poergly been shown in human and
mouse somatic cells, but with similarly low effioy levels as retroviral generated iIPS
cells (Blelloch, Venere et al. 2007; Yu, Vodyantkaé 2007).
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4.2.1.1 Attempt to generate iPS cell from MiaPaCaeell line

MiaPaCaZ2 pancreatic adenocarcinoma cells weresttesith a virus cocktail of 3 (oct4,
sox2 and kIf4) or 4 (oct4, sox2, klf4 and c-mycanscription factors. C-myc was
excluded from the 3 transcription factor cockta@s c-myc has been suggested to
increase the incidence of false positive colonieggan 2009). Changes in cell
morphology were seen in virus treated MiaPaCa2umdt Untreated MiaPaCaz2 cells
grow in monolayer formation, even when cultured\iaF feeder layer (figure 3.2.5 B).
However, 3 and 4 factor virus treated cells forrokosters, with densely packed cores
of small rounded cells, while the periphery of ttus were cells with the standard
MiaPaCa2 morphology (figure 3.2.6 and 3.2.7). Ci@lsrwere picked and levels of the
four factors examined by RT-PCR. Untreated MiaPaCGsB already express three of
the four factors, oct4, c-myc and kif4. Virus tetells express similar levels of c-myc
and klif4 to untreated MiaPaCaz2 cells, while sligictease in expression of oct4 is seen
in virus treated cells relative to control (figuB2.8). Very low levels of sox2 were seen
in some of the virus treated clones; however, thesels were barely visible (figure
3.2.8). RT-PCR of the pancreatic marker amylagué 3.2.9) showed that this very
low expression of sox2 was not sufficient to indfigé reprogramming. Clone 3 of 3-
transcription factor virus treated cells displaydigred expression of oct4 and amylase
compared to other virus treated clones (figute83ahd figure 3.2.9), this may be
caused by insertational mutagenesis at the oct4aamdase locus, since lentiviruses
insert into the host genome in a non-targeted maMieis treated MiaPaCaz2 cells did
not display the standard ES cell morphology (dgngecked colonies with clearly
defined borders), however, the morphology of thasas treated cells was distinctly
different from untreated cells. These colonies mgyresent partially reprogrammed

cells.
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4.2.1.2 Attempt to generate iPS cells from keratinzytes

Normal keratinocyte cultures were also treated Wifactor and 4 factor virus cocktails.
Following transfer of the lentivirus treated cetts MEF feeder layer cultures, cell
clusters were observed (figure 3.2.10). Howevenjlar clusters were observed in both
untreated control and virus treated cultures. Thadgsters did not proliferate further
and subsequently died off. Growth arrest and celitld were unexpected in these
cultures, as growth of keratinocytes on feederscefl known to enhance cell
morphology and growth characteristics (Masson-Gadaugere et al. 2006). MEF
feeder layer cells used in this experiment weratéd with mitomycin C to arrest
growth. Any contaminating mitomycin C remaining buave caused the growth
arrest and subsequent cell death observed withitkecste clusters. It could also have
been the use of ES media which caused the growdistaof keratinocyte cultures, as
keratinocytes require a very specific culture mediwith growth factors (bovine
pituitary extract, epidermal growth factor, insylinydrocortisone, epinephrine and
transferrin) to maintain viability of cells. Incrgad calcium concentrations in ES media
may also have caused terminal differentiation amowth arrest of keratinocytes
(Huang, Wang et al. 2006).

4.2.1.3 Attempt to generate iPS cells from limbalgathelial cells using 4-factor

virus cocktail

Limbal epithelial cells were also used for the gatien of iPS cells; these cells were
treated with 3 factor and 4 factor virus cocktaNsorphology changes such as cell
clusters and cell processes were seen in 3 faotbddactor treated cells after 72 hours
(figure 3.2.12). However, similarly to keratinocyeltures, once cells were transferred

to MEF feeder layer cultures with ES media, no sghent proliferation was observed.
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4.2.1.4 Summary of attempts to generate iPS cellsing lenti-viral over-expression

of transcription factor cocktalil

While distinct cell morphology changes were seerach of the different cell types
transduced with lenti-virus containing 4 factorstfy sox2, klf4 and c-myc) or 3 factors
(oct4, sox2 and klf4), no true iPS cells were gategl. However, these morphology
changes may indicate partially reprogrammed c@HS. cell generation using 3 or 4
factor virus cocktails remains a very inefficiembpedure, with approximately 0.01%
successful reprogramming rate reported from humemmadl fibroblast and 0.8% for
epidermal keratinocyte cultures (Aasen, Raya e2@08). Reprogramming depends on
the transduction of each of the 3 or 4 individuauses into each individual cell.
However, even cells which have been successfidlysttuced with all four viruses and
express all four transgenes are not guarantee@donte fully reprogrammed (Chan,
Ratanasirintrawoot et al. 2009). In addition to reggion of the four transgenes, it is
also likely that the relative ratio of expressidrteese genes is also an important factor
for true reprogramming. Even though cells are @@atith equal MOI for each virus,
this may not result in equal number of integratsites in the target cell genome, and
hence varying expression levels for each factopr&gamming of somatic cells also
requires heterochromatin reorganisation, with plytireprogrammed cells exhibiting
densely packed chromatin fibres compared to therlpodefined chromcentre

boundaries of fully reprogrammed iPS and ES célls¢ner, Djuric et al. 2011).

The lentivirus used in this study stably integratde the host genome, although not in
a targeted manner. Therefore, viral gene integratm@y occur in housekeeping gene
sequences, or in genes necessary for reprogrammiagcur, consequently adding to
the low efficiency of iPS generation observed ims tetudy and in the published
literature (Yamanaka 2009). A recent study has shtwat integration of the viral
genome alone, without the use of exogenous facsossifficient to transform somatic
cells to a semi reprogrammed state, these celle vwermed- lentivirus induced
pluripotent-like (ViP) cells (Kane, Nowrouzi et &010). In these cells a number of
viral integration sites were observed in IPS sigratgenes. It is thought that the
mutagenic effect of viral integration results frafgsregulation of host genes in the

vicinity of viral integration sites (Kane, Nowrouei al. 2010).
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As induction of iPS cells is still a relatively netechnology, the mechanisms of
transcription factor-induced reprogramming of sdmatells have not been fully
elucidated. The lack of truly reprogrammed iPShis tstudy could be a result of the
reasons discussed above, or possibly from reasohyat fully understood. Using
currently available protocols, iPS cell generai®a very inefficient process, indicating
that we still have a long way to go to fully undargling the mechanisms behind

reprogramming, so these low efficiencies can beavgd.
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4.2.2 Attempt to generate iPS cells using ESD3 catidned media

Balasubramanian et al. 2009, have recently sucdegdéhe generation of iPS cells
using conditioned media from rat corneal limbaltlegial cells (Balasubramanian,
Babai et al. 2009). To our knowledge, this procechas not yet been applied to human

limbal epithelial cells.

Limbal epithelial cells cultured in 6-well plateserts with 3T3 feeder cells in the
bottom layer led to improved yield of limbal progen cells, compared to standard
culture protocols (Reddy et al., unpublished ddta)kas thought that using this newly
established culture protocol with higher yield whtbal progenitor cells would lead to

improved efficiency of iPS generation.

Limbal epithelial cells were treated with enricheedia containing B-27 supplement,
noggin, bFGF and EGF for 7 days (figure 3.2.13)gdip is thought to induce the
generation of neural progenitors from limbal editdecells (Zhao, Das et al. 2008).
After 7 days in enriched media Balasubramanian. 099 observed the formation of
neurospheres. In our own cultures we did not olesemry neurosphere formation;
however, a change in cell morphology was obserfigdré 3.2.14). Untreated limbal
epithelial cells (figure 3.2.14 A) displayed stardl@pithelial cuboidal morphology,
while cultures treated with enriched media (figl#2.14 B and C) displayed long

stretched cells with processes, reminiscent ofaralrcells.

Cells were trypsinised and seeded onto plates @odth either gelatin alone, or gelatin
and irradiated MEF (IMEF) feeder layer, and mediaswchanged to 50% ESD3
conditioned media (ESD3 CM) and 50% ES media. @bfitmbal epithelial cells were
maintained in enriched media, to determine if ile#sccould be formed from enriched
media treatment alone. After a total of 14 daysnrnched media cells with the standard
epithelial morphology became confluent and the Istrg@tched cells with processes
were no longer seen (figure 3.2.15 A and D). Celiéch were switched to ESD3 CM
and plated on an IMEF feeder layer displayed coltorynation after 7 days (figure
3.2.15 E and F). However, after a further 7 dag&ltl4 days ESD3 CM treatment,

these colonies did not appear to be proliferatimg) @o outgrowth was observed (figure
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3.2.16). A single colony with a slightly differentorphology, indicated by a red arrow
in figure 3.2.16 D, was observed. This colony comd tightly packed cells and
appeared more adherent to the culture dish, hovtkeszdges were less clearly defined
compared to rat limbal iPS cells developed by Bdleamaniaret al. 2009, (figure 4.2).

Figure 4.2Rat limbal iPS cells generated by Balasubramaetiah, (Balasubramanian,
Babai et al. 2009). Colonies exhibit tightly paclasdls with well defined colony edges.

In cultures grown with IMEF feeder cells or on dmlafor 14 days ESD3 CM, a

confluent monolayer of fibroblast/mesenchymal-ldedls was observed (figure 3.2.16
B, C, E and F). PCR analysis of marker expressias performed to investigate if the
cells observed represented contamination or a sggndgrammed population. Stromal
cell contamination of epithelial cultures is possitduring dissection of the limbal ring
and outgrowing from the explant. As stromal celtgre similar morphology to the

ESD3 CM treated limbal epithelial cells (figure }.&NA from these cells was also
included in the PCR analysis of marker expressasrg control (figure 3.2.17 and figure
3.2.18).
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Figure 4.3Comparison of stromal cells and ESD3 CM treatedbéihepithelial cells.
ImageA represents stromal cells isolated from donor as@era ring. ImagB
represents limbal epithelial cells after 7 daysr@tment with enriched media and 14
days treatment with ESD3 conditioned media. Sarake drar used in both images.

Oct-4, KlIf-4 and c-myc expression was detectedantol and ESD3 CM treated cells
at similar levels to that of parental limbal epliAecells. Sox2 however, was only
expressed only in ESD3 CM treated cells on iIMEEs, similar level to that of control
iPS cells. IMEF cells could potentially contribui® marker expression, hence iIMEF
cells were also included in the PCR as a contmotémtamination. Sox2 primers, which
also detected murine sox2, detected sox2 in theFiMéntrol cells. However, these
were freshly thawed healthy iIMEF cells, while iMideder layer in ESD3 CM treated
cultures was 15 days old at the time of harvestintures for RNA by which stage the
IMEF cells would mostly have been apoptotic andkahy to contribute to the positive
sox2 expression seen in ESD3 CM treated cells.séhee density of IMEF cells would
also have been present in cultures of controlss cefl IMEFs, but these cultures
remained negative for sox2, indicating that the2spresent in the ESD3 CM treated
cells on IMEFs was due to the ESD3 CM treated cahsl not the IMEFs. This result
indicates that an IMEF feeder layer is requiredhtiuce sox2 expression, as sox2 was
not detected in ESD3 CM treated cells on gelatirs unknown if the induction is due
to secreted factors or cell to cell contact wite tMEF feeder layer. Additionally, as
Sox2 expression is negative in stromal cells, Wosild indicate that ESD3 CM treated
cells on IMEFs are different from stromal cellsdagid not arise from stromal cell

contamination.
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In various types of epithelia, cytokeratin expresstan be linked to the differentiation
status. In the stratified epithelia each stratifiager represents a more differentiated
state. These differentiation states can be charsete by the expression of unique
keratin pairs (Daly, Meleady et al. 1998). In thmnea the expression of keratin-3
(CK3) and keratin-12 (CK12) are markers of termidifflerentiation (Schermer, Galvin
et al. 1986; Kasper, Moll et al. 1988). In our exxment, parental limbal epithelial cells
do not express CK-12, due to high population ofprotor/trans-amplifying cells (Dua
and Azuara-Blanco 2000) and the short timene¥itro culture. The limbal epithelial
control cells maintained in enriched media for 2yslexpress CK-12, representing the
more differentiated or mature state of these ¢étisire 3.2.18). This is possibly due to
the longerin-vitro culture time relative to parental limbal epithekalls. In confluent
limbal epithelial cell cultures, stretched elonglatells can sometimes appear on top of
the cuboidal cells (figure 3.2.16 D, indicated hg ted arrow); however, the elongated
fibroblast/mesenchymal-like cells shown in figur@.26 B and E are not the result of
confluent limbal epithelial cells, as verified byetlack of CK-12 expression. Lack of
CK-12 expression in ESD3 CM treated cells indicatkat these cells are less
differentiated than control cells maintained inieimed media. This less-differentiated
phenotype is due to the ESD3 conditioned medidnresst, as ESD3 CM treated and

control cells were cultureih vitro for the same period of time.

CK-3 is also a marker for terminally differentiateplithelial cells (Schermer, Galvin et
al. 1986). Control cells in enriched media wereifpas for CK-3 expression, as
expected, due to their more differentiated statewvéier, parental limbal epithelial cells
are also positive for CK-3, which could suggestib-population of differentiated cells
in the limbal epithelium, or alternatively coulddinate CK-3 to be less specific marker
for terminal differentiation. Low levels of CK-3 pression was seen in stromal cells,
ESD3 CM treated cells and iPS cells, representirigsa differentiated phenotype.
Analysis of marker expression using RT-PCR mayatetys give a true reflection of
protein expression, as these mMRNAs may potentimlyegulated by post-translational
control. Double bands are seen in some cases 08 @Kpression, this second band
possibly represents a splice variant of CK-3. Témoad band is not a result of genomic
DNA contamination as primer amplification of gencnNA would result in a 924bp
product, which is approximately the size of thehieist band on the DNA gel (figure
3.2.18), while the CK-3 mRNA amplification resulteda band at 261 base pairs.
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N-cadherin is a marker associated with adult stelis,cespecially neuronal stem cells,
it is also critical for the maintenance of the moor phenotype of limbal epithelial

cells (Higa, Shimmura et al. 2009). Therefore, @swiot surprising to find high levels
of expression of this marker in iPS cells, parehitabal epithelial cells which have an
abundant population of progenitor/trans-amplifyicgjls, and stromal cells which are
thought to possess properties similar to mesenchgteen cells (Reddy unpublished
data). Reflecting the lack of neurosphere developrnf@lowing noggin treatment, N-

cadherin expression levels in enriched media tdee¢dls were low relative to parental
limbal epithelial cells (figure 3.2.18). This alsodicates that these control cells
represent a more differentiated corneal epithgllnotype. ESD3 CM treated cells
however, have maintained a high level of N-cadhexpression, indicating that these
cells still possess some ‘stem-like’ properties.

ANp63 and ABCG2 are putative limbal stem cell mask@arsa, Yang et al. 1999; Di
lorio, Barbaro et al. 2005; Kolli, Lako et al. 2008n contrast to high CK-3/12
expression and low N-cadherin expression indicat@mnginal differentiation in control
cells, potential stem cell markalNp63 is expressed at a level comparable to that of
parental limbal epithelial cells (figure 3.2.18)B&G2 expression is very low in
parental limbal epithelial and stromal cells, amdletected in ESD3 CM treated cells,
indicating that while ESD3 CM treated cells mayklaaxpression of differentiation
markers, the expression level of stem cell markershese cells in still quite low

relative to limbal epithelial cells and iPS cells.

ESD3 CM treated limbal cells on IMEFs show increbsxpression of stem cell-
associated N-cadherin and reduced expression moirtak differentiation markers CK-
12 and CK-3. These cells also express the 4-factmktail thought to induce
reprogramming of somatic cells to an iPS phenotypewever, these cells have not
achieved full reprogramming, as they remain negator pluripotency marker nanog
(figure 3.2.18). It is possible that a partial mgmamming has occurred in these cells, as
an altered cell morphology and mRNA expressionepatis observed in these cells.
Partial reprogramming is frequently reported in kikerature, however, it is not know
what the distinguishes cells which will become yuleprogrammed from cells which
remain partially reprogrammed, or if these pastiadiprogrammed cells have properties

similar to lineage committed progenitors (Nagy &ladyy 2010).
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This experiment was performed on limbal epitheti@lls from a single donor cornea-
sclera ring; it is possible that subtle differethetween donated tissues may impact the
efficiency of iPS generation. Repeating this expent with a number of donor cornea-
sclera rings should determine if it is possiblegprogram human limbal epithelial cells
to IPS cells using non-cell autonomous techniquesif this is a murine specific

phenomena.

In addition to retroviral and conditioned mediauation of reprogramming attempted
in this study, a number of other techniques foregetion of iPS cells have recently
been reported, including using mMRNA transfectionaf@n, Manos et al. 2010;
Yakubov, Rechavi et al. 2010) and recombinantgmnotransduction (Kim, Kim et al.

2009) for over-expression of the four factor cotkt& number of pluripotency

associated miRNAs have also recently been idedfifeer-expression of which is
sufficient to induce reprogramming (Anokye-Dansadyéddi et al. 2011; Miyoshi, Ishii

et al. 2011). As the molecular mechanisms of callueprogramming become more
apparent, developments in IPS generation technidume& significantly increased
reprogramming efficiencies since the first reprogmang papers in 2006 and 2007,
which reported efficiencies of approximately 0.00{Pakahashi and Yamanaka 2006;
Takahashi, Tanabe et al. 2007). Reprogramming &itslable today from Stemgent
using MRNA reprogramming technology quote efficieagn the range of 5%, while (if

verified) would make iPS technologies more amenabl&abs less established in the

reprogramming field.
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4.2 .3 Differentiation of iPS cells

The iPS cell line hFib2-iPS4 generated from humilaroblasts in the George Daley lab,
Children’s University Hospital, Boston, was usedddferentiation studies presented in
this thesis (Park, Zhao et al. 2008). A differetimia protocol by Jiang & al., designed

to recapitulate the importam vivo signals that drive pluripotent stem cells towards
pancreatic phenotypes was selected for differeonaif these iPS cells (Jiang, Au et al.
2007). Using this protocol Jiang J. et al., hav@eaed 2-8% insulin positive cells from
human ES cells, which secrete insulin in a gluceggilated manner, however, the
glucose stimulated insulin secretion (GSIS) pradilehese cells more closely resembles
that of fetal islets, rather than mature adulttssidiang, Au et al. 2007). As of yet, no
group has been able to fully differentiate plurgtstem cells to mature adult islet
cellsin vitro. Differentiation studies with the murine cell liEZgSD3 in 3D culture have
achieved up to 60% insulin positive cells, in congan to fewer than 10% in standard
2D cultures, using a slight different differentaatifactor cocktail (Wang and Ye 2009).
3D culture more closely reflecis vivo development and tissue organisation compared
to 2D differentiation, the combination of 3D cukuand growth factors present in the
3D matrix led to a significant improvement im vitro pancreatic differentiation
protocols. A combination of the Jiang J. et al. 20firected differentiation protocol and
3D culture was used to determine if the iPS celeduin this study could be
differentiated towards pancreatic ceils vitro, and if an improvement in pancreatic

differentiation was achieved with 3D culture congshto 2D culture.

The effectiveness of differentiation was monitot®d measuring expression levels of
known markers for each stage of pancreatic diffemgan. Definitive endoderm is the
first stage of pancreatic development; definitived@derm formation was assessed
using markers- cxcr4, foxa2 and hnf4a. Cxcr4, foaad hnf4a were up-regulated in
both the 2D and 3D differentiation cultures compaire the original iPS cells (figure
3.2.20). Improved definitive endoderm formation veaen in 3D cultures compared to
2D cultures, based on increased expression of hffigare 3.2.21). Definitive
endoderm differentiated 2D cultures were then feansd to suspension culture,
however, cells did not respond well to suspensidture and entered growth arrest and

eventually cell death (figure 3.2.22). 3D cultumgsre maintained in the same 3D
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matrigel/collagen cultures for the complete duratif differentiation protocol (36

days).

3D cultures were further differentiated to pandeeahdoderm, the formation of which
was assessed by pdx1, hixb9, ngn3, nkx6.1 and pttfheession. HIxb9, ngn3, nkx6.1
and ptfla levels were undetected, while very lowele of pdxl were seen in
differentiated cultures (figure 3.2.23). Differaatd cells also maintained similar levels
of the pluripotency marker nanog as untreated i€I8.dn the replicate differentiation
experiment, increased levels of pdxl were seenOnc8ntrol cells (figure 3.2.28),
maintained in irradiated MEF conditioned ES medinaicating that growth factors
present in the 3D matrigel matrix may have playedol® in induction of pdxl

expression in these control cells.

A number of markers were also tested for presefipamcreatic exocrine and endocrine
precursors — nkx6.1, nkx2.2, ngn3 and pax4; howedeeels of these markers were
undetected.

Pancreatic hormone and mature pancreatic markaessipn was examined in each
differentiation stage (figure 3.2.26)3-actin endogenous control shows unequal
expression levels in day 29 and day 36 culturesspite of equal RNA and cDNA
concentrations being using for reverse transcrptaod PCR reactions. RNA quality
and purity, as assessed by nanodrop 260/280nm bairem readings, was also
comparable between different time-points and treatsn As unequalf-actin
endogenous control levels are seen, direct congraigannot be taken from day 36
control and differentiated cultures, however, edi:aktin levels are seen for day 36
control cells and untreated iPS cells. Mature peater markers- insulin, somatostatin
and amylase were detected in day 36 control cedsted with IMEF conditioned ES
media; however, these markers were also presanitieated iPS cells (figure 3.2.26).
The expression of these markers in untreated iRSpassibly indicates that these cells
had undergone some spontaneous differentiationuiture before initiation of this
differentiation experiment. Additional markers ofatare pancreatic cells- insulin,
ghrelin and glut2 were detected in day 36 contrellsc Appearance of mature
pancreatic markers- insulin, ghrelin and glut2 &ay 86 3D control cultures and absence

of these markers in untreated iPS cells indicabadl the use of the 3D culture system
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itself or the growth factors contained in the ngdliinduced expression of these

markers.

Similar issues were seen in the repeat of the y6ddéerentiation experiment. Levels
on B-actin endogenous control were unequal betweererdift time points and
treatments (figure 3.2.29). Somatostatin and amylasre also detected in untreated
IPS cells and 3D controls cells at day 29, howeueatike the previous experiment
insulin and glut2 expression was not detected. IBhievels were increased in day 29
control cells compared to untreated iPS cells. By 86 the pluripotency marker nanog
has significantly decreased expression levels coedpto untreated iPS cells. These
results also suggest that untreated iPS cells neaydstially differentiated prior to
beginning the directed differentiation protocolsdJ the 3D culture system also seems

to be having an effect on expression of differdidramarkers in control cells.

Matrigel is one of the most commonly used matrides 3D culture systems
(Kraehenbuehl, Langer et al. 2011); however, asigehtis an animal product, batch to
batch variations of growth factor concentrationsuscAs different batches of matrigel
were used for each replicate experiment, this mgyjaen some of the difference

between experiments.

Due to the presence of the 3D matrix, it is techihycdifficult to remove the cells from
this matrix for immunofluoresence or flow cytometipalysis. Therefore percentage
efficiencies of pancreatic differentiation cannoe letermined to allow direct
comparison with efficiencies reported in the litara. However, assessment was
possible using RT-PCR analysis for expression dfemdintiation markers. This
assessment showed that the 3D differentiation msysteas superior to the 2D

differentiation system used by Jiang J. et al.

The expression of differentiation markers in uniedaPS cells potentially indicates that
these cells may have undergone some spontanedasedifation in culture, prior to
initiation of the directed differentiation experintg however cells did not display a
differentiated morphology, but maintained coloniesth ES-like characteristics.
Alternatively, this may also indicate that thesdlscanay not have been fully

reprogrammed. The iPS cell line hFib2-iPS4 purctiadsem George Daley’s group
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which was used for all experiments in this thesisrat have pluripotency tests such as
teratoma formation and bisulphite sequencing ofaiers of pluripotency genes oct4
and nanog performed (Park, Zhao et al. 2008). Witpturipotency tests such as these,
cell lines cannot be conclusively determined tdudly reprogrammed iPS cells (Daley,
Lensch et al. 2009). In mouse IPS studies, gerendmmera formation is the definitive
assay of choice for proving full reprogramming ange pluripotency. Currently, it is
difficult to prove full reprogramming in human cel(Yamanaka 2009). Aberrant
reprogramming may subsequently result in an impaakility to differentiate using

directed differentiation protocols (figure 4.3) (vianaka 2009).

Fully raprogrammed [PS calls
Germline-competant (mouse)

Classical method Teratoma-compeatant
- (4 factors dellvarad {mouse, human)
q__'\‘\‘ by retroviruses)
Fibroblast e ——- Fartially reprogrammed iP5 cells
or ather adalt : Salf-renew, in vitro differentiation

somatic cell
Mew methods
[F -1 Is,
(Foer fastors, chemcals. g Aberrantly reprogrammed cells
Self-ranew, rafractory to
differentiation

Figure 4.3 Types of reprogrammed cellsReprogramming on somatic cells could
result in fully reprogrammed iPS cells that are pamble to ES cells, partially

reprogrammed iPS cells that can self-renew anermifitiate into certain cell lineages,
or aberrantly reprogrammed cells that self-renew dre refractory to differentiation

(Yamanaka 2009).

Viral transgenes are usually silenced in estabtisR&S cell lines. Leaky expression of
transgenes may also inhibit complete iPS cell difidation and maturation (Okita,
Ichisaka et al. 2007). Transgene expression wasooitored in iPS untreated cells in
this study, however, on establishing this cell limewas shown that viral c-myc

expression was not completely silenced (Park, £&tad. 2008).
Another issue which may be of importance for dedatifferentiation of iPS cells is the

tissue of origin of the somatic cells. iPS cellsgmted from some cell types may have

an inherent inability to re-differentiate to diféet lineages (Yamanaka 2009). A recent
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study of pancreatic beta cell derived iPS cell#@cells), showed that these BiPS cells
retained epigenetic memory of their original cgflé and maintained an open chromatin
structure in key beta cell genes (Bar-Nur, Rusal.e2011). BiPS cells were shown to
have an increased propensity to differentiate tdegpancreatic lineages in both
spontaneous and directed differentiation experimjecvmpared to ES cells and iPS
cells originating from non-beta cell types (Bar-N&uss et al. 2011). The iPS cells
used in this study were originally derived from kdlermal fibroblasts (Park, Zhao et
al. 2008), therefore mature pancreatic genes magpogenetically silenced in these

cells, leading to reduced efficiencies of pancredifferentiation.

Similarly to ES cell lines, iPS cell lines also shaonsiderable differences in
differentiation potential (Tateishi, He et al. 200®irected differentiation protocols
may need to be optimised for individual ES and 28 lines, a universal directed
differentiation protocol is unlikely to achieve eduevels of pancreatic differentiation
in a range of cell lines. D’Amour et al., a welltadished group in the pancreatic
differentiation field, have reported promising riésipothin vitro andin vivo (D'Amour,
Bang et al. 2006; Kroon, Martinson et al. 2008)wéwer, this success is limited to a
single ES cell line, attempts at replicating thessaults in iPS cell lines has also come up
short. Ideally for differentiation experiments,ange of ES or iPS cell lines should be

used as they will invariable differ in their diféartiation potential.

This study has shown that iPS cells generated fadoit dermal fibroblasts can be
differentiated to definitive endoderm-like cells rabgh directed differentiation
protocols. Further differentiation of these celtsvards mature pancreatic cell types
showed more varied results and is extremely inefiic Ideally, for directed
differentiation experiments, a range of iPS ceflet, generated from a number of
different types of somatic cells should be useécHally iPS cell lines from closely
related cell lineages as the target tissue of esteriPS cell lines should also be
conclusively determined to be truly pluripotentvasiability in epigenetic remodelling,
the extent of methylation, and the persistence xfression of integrated viral
transgenes can alter the differentiation potemiaPS cell lines (Daley, Lensch et al.
2009).
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4.2 .4 Differentiation of limbal stromal cells

Limbal stromal cells have been shown to resembtesboarrow derived mesenchymal
stem cells and possess differentiation potential @ctoderm, mesoderm and endoderm
lineages (Dravida, Pal et al. 2005; Polisetty, Ratiet al. 2008). The differentiation
potential of these cells was assessed in this didietermine if these cells could be

differentiated towards pancreatic lineages.

Stromal cells were treated with differentiationttas to induce formation of definitive
endoderm in standard monolayer culture; however, expression of definitive
endoderm markers was detected using this techniguexious studies with this cell
type have shown that initial embryoid body formatwf these cells can improve their
differentiation potential in subsequent directedfedentiation experiments (Reddy
unpublished data). Following embryoid body formatithese cells were seeded into
3D, 2D or monolayer cultures, and potential forimiéf’e endoderm differentiation
examined. Cxcr4 was the only definitive endodermkaadetected in these cells; cxcr4
was detected in 2D and 3D cultures, with higherresgion in control compared to
differentiation cultures (figure 3.2.32). This réisus reminiscent of iPS cell
differentiation in 3D culture (figure 3.2.29). Itonld seem that the effect of matrigel
and the growth factors contained within the matrigeprove the ability of limbal
stromal cells to differentiate towards pancreamclaglerm compared to the directed
differentiation media (containing activin A, sodiutoutyrate and B27). Further
differentiation of these cells towards pancreatidaerm did not achieve expression of

pancreatic endoderm markers (figure 3.2.34).

In light of the iPS differentiation experiments aissed above (section 4.2.3), which
yielded superior differentiation marker expressioncontrol cultures compared to
directed differentiation cultures, the same 3Duwaltconditions with IMEF conditioned
media, were applied to stromal cells for 36 dayi$erA36 days in 3D culture with either
IMEF conditioned ES media or standard stromal mésIEM, 10% FCS), mature
exocrine marker- amylase expression was detedpar€f3.2.36). Amylase expression
was also detected in the repeat experiment afted@6&; however, untreated and
hanging drop cells were also positive for amylagaession (figure 3.2.37).
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Limbal stromal cells have been suggested to possdgterentiation capacity similar to
bone marrow-derived mesenchymal stem cells, witterg@l towards osteogenic,
chrondrogenic and adipogenic lineages (Sosnovall Btaal. 2005; Polisetty, Fatima et
al. 2008). Bone marrow-derived mesenchymal stents dehve previously shown
differentiation potential towards pancreatic linesag(Zhang, Shen et al. 2010).
However, the protocol used in this study did ndhi@ee any substantial pancreatic
differentiation. Since this study has been perfatnaa article has been published based
on directed differentiation of limbal stromal cet®wvards functioning pancreatic beta
cells (Criscimanna, Zito et al. 2011), however Hedent cocktails of growth factors
was used in this study compared to the directeérdifitiation protocol used here. The
lack of pancreatic endocrine differentiation in timebal stromal cells used in this study
may be a result of the specific directed differatndin protocol used, as this was
designed for use with ES cells (Jiang, Au et aD70and may be incompatible with
adult stem cells, and may not support transdiffeméon of a more committed
stem/progenitor cell type. Additionally, stromalllsesolated from the corneal-scleral
ring may also exhibit subtle differences in diffetiation potential between donors. In
this thesis, all stromal experiments were performeth cells from a single donor.
Using a range of stromal cell lines from differeloinors may give a more accurate view
of the effectiveness of this directed differentati protocol for stromal cell

differentiation towards pancreatic cell types.
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4.2.5 Summary of differentiation studies

Two different approaches were used in this studygéoerate iPS cells; lentiviral
transduction of the transcription factor cocktamdaconditioned media induced
reprogramming. However, cells have not progresssegmid the semi-reprogrammed
state. Despite challenges with directed differgimiaof iPS cells towards pancreatic
phenotypes, our 3D culture system improved diffeagion marker expression

compared to 2D systems, using established direttitentiation protocols.

Recent studies have identified miRNA families ass#ed with regulation of
pluripotency. Over-expression of these pluripotenmlated mMiRNAs induces
reprogramming of somatic cells to iPS cells (Liha@g et al. 2008; Anokye-Danso,
Trivedi et al. 2011; Miyoshi, Ishii et al. 2011). miRNAs can be used to induce
reprogramming, then maybe pancreatic beta celte@laniRNAs could potentially

direction differentiation of pluripotent stem celtavards pancreatic cell types.
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4.3 Biomarker discovery in diabetes serum

4.3.1 Serum miRNA biomarkers

Serum miRNAs have been shown to be differentialipressed in a range of
pathological conditions such as ovarian cancerr{fRksAlder et al. 2009), lung cancer
(Chen, Ba et al. 2008), large B-cell lymphoma (Liawfal et al. 2008), breast cancer
(Zhu, Qin et al. 2009), colorectal cancer (Huangahy et al. 2009) and liver damage
(Wang, Zhang et al. 2009), as well as physiologmahditions such as pregnancy
(Chim, Shing et al. 2008). Recent studies have alsatified differential miRNA
expression in serum from T2DM (Chen, Ba et al. 2@#8npetaki, Kiechl et al. 2010;
Kong, Zhu et al. 2011) and gestational diabetesagZDong et al.) patients. Serum
mMiRNAs are particularly resistant to digestion leyusn RNases, in comparison to large
MRNA fragments which are more sensitive to RNaset#toa (Chen, Ba et al. 2008).
This quality of serum miRNAs makes them particylasuitable for use as RNA
biomarkers, and could represent a non-invasive ogetbr diagnosis or monitoring of

diseased state.

As indicated in section 3.2.3.4, 12 miRNAs werenitfeed as being differentially
expressed in glucose responsive compared to glucoseresponsive MIN-6 cells.
Expression levels of these miRNAs were subsequéeshgd in serum specimens from

T1DM and T2DM patients in comparison to levelsaénusn from non-diabetic controls.
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4.3.1.1 Serum miRNA analysis in TLDM serum specimen

From the initial analysis of TILDM serum specimeosly mir-124a was found to be
consistently differentially expressed in TIDM serspecimens tested (figure 3.3.2).
Therefore, analysis of this miRNA was extendedxaneine a total of 15 T1DM serum
specimens and BMIl/age/gender matched controlsh€et 15 specimens, mir-124a was
up-regulated in 11 of 15 T1DM specimens by apprexety 1.9 fold; however, this

increase was not statistically significant.

As the majority of pancreatic beta cells in TILDMigats are dysfunctional or have
been destroyed by autoimmune attack (Matveyenko Batler 2008), it was
hypothesised that reduced expression of these @&&&d miRNAs would be seen in
T1DM sera. However, this was not the case, 11 eflih GSIS-related miRNAs tested
showed no consistent change in expression leveteiam, while mir-124a was up-
regulated in 11 of 15 T1DM samples compared tactmrol specimens tested. The up-
regulation of mir-124a in T1DM serum specimens mikely to be related to its
function in GSIS in pancreatic beta cells, as thejonity of these cells have been
destroyed. Mir-124 has previously been shown to ibeolved in neuronal
differentiation, with increased expression leadiogncreased differentiation towards
neuronal cell types, while knockdown of expressimaintained cells in a stem cell state
(Cheng, Pastrana et al. 2009). Increased levelmiofl24a in serum from T1DM
patients could potentially reflect the body's sterell population attempting to
differentiate towards beta cell types to compengatéhe beta cells lost by autoimmune

attack.

Large scale miRNA profiling of TIDM serum specimemas performed in order to
identify other potential miRNA biomarkers for thdssease using TagMan low density
mMiRNA arrays (TLDAs). The endogenous controls ipocoated in the TLDA cards
were undetected in all serum specimens testedeftirer the TLDA data was assessed
to determine if any of the target miRNAs analysedld represent potential endogenous
control miRNAs. Mir-28 and mir-326 levels were uacdlged in T1DM samples
compared to controls and also showed a low standawiktion across all samples

analysed. Therefore, these two miRNAs were seleateghdogenous controls for use in
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this experiment. All TLDA data was normalised tesh ‘endogenous control’ miRNAs
individually to generate two lists of differentialexpressed miRNAs. Only miRNAs
common to both lists were chosen as targets fahdurinvestigation. Using this
criterion a list of seven miRNAs (i.e. mir-140, ;224, -29a, 29c, -30d and -345) were
identified as differentially expressed in TLDM seetative to control sera, all of which

were up-regulated in TLDM sera.

Expression of these seven miRNA targets were exaanim a total of 13 T1DM serum
specimens and matched controls. Expression level® wot consistent among all
samples analysed. However, the expression pattértiiese miRNAs seemed to split
the specimens into two distinct groups — T1DM smetis where all target miRNAs
were over-expressed (n=6), and T1DM specimens wakrearget miRNAs showed
reduced expression (n=5) (table 3.3.3). A furthéf1®M specimens showed varying
trends of miRNA expression and, hence, did nahfid either category (table 3.3.3). A
comparison of the patient history and medical imation was performed on the
patients in these two categories, to determine @ssible difference that may help
explain why they grouped in separate categoriesvandpatients with similar miRNA
expression grouped together. Specimens with inetkésvels of the miRNA targets
showed statistically significant higher alcohol aaarette consumption (p-values
0.036 and 0.044, respectively). These patients slieoved increased exercise minutes

per week; however, this increase was not signifigavalue 0.064).

Control serum specimens used in this study werehmedtto patient sera based on age,
gender and BMI; but not on smoking or alcohol ietakhe trend of high expression of
mMiRNA targets being associated with high smoking attohol intake is not mirrored
in the control serum specimens. However, ignoring hormalisation of PCR data
against these matched control serum specimensiethés remain the same for TLDM
specimens, i.e. TIDM specimens with higher smolking alcohol consumption had
higher expression of these miRNA targets, while Th®M specimens, from low/non-
smoking and low alcohol consumption patients sholeeakr expression of these target
MIiRNAS.

In a study reported by Chen et, #Chen, Ba et al. 2008), mir-140, mir-21, mir-24¢-m

29a and mir-30d were shown to be up-regulated riansespecimens from lung cancer
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patients, while mir-29c was down-regulated in thggecimens (Chen, Ba et al. 2008).
These miRNAs showed dysregulation in our study dDM serum specimens
compared to healthy control serum specimens. Tveslap of miRNA targets in lung
cancer and T1DM may reflect the body's immune raspoor general inflammatory
response to diseased state, rather than beingsdispacific miRNAs. Alternatively,
these miRNAs may reflect an effect of smoking,lresé miRNAs were up-regulated in
the T1DM serum specimens from our study with higjaette consumption. There was
no information on patient smoking habits or diabetatus published in the lung cancer
serum study by Chen et al. However, as 90% of kargcer cases can be attributed to
smoking (Peto, Lopez et al. 1992), it is possilblat tthe increased levels of these

mMIiRNAs in serum from lung cancer patients coula &ls related to smoking.

As there is no available data on the direct effeftsmoking or alcohol on miRNA
levels in serum, we can only suggest that theseggsain miRNA expression levels in
T1DM serum specimens may be smoking-related. Asttéed is not observed in
smoking and non-smoking control serum specimemsay be that this expression trend
represents a ‘diabetic-smoking specific’ phenomedanfurther test this possibility, a
large cohort of serum specimens would need to l@@naed, in smokers and non-
smokers, with and without lung cancer or type Ibeias, as well as non-diabetic and

non-cancer controls.

Mir-345 was the only miRNA identified from the TLDAxperiment which did not
overlap with the lung cancer study; therefore, thiRNA may more likely be diabetes-
related. However, much work on this target stikde to be carried out to determine its
applicability as a biomarker of this disease, as target also shows differential
expression in TLDM serum specimens of high smokind alcohol intake relative to

low/non-smoking and low alcohol consumption T1DMigats.

Mir-21, mir-24, mir-29a and mir-30d were identifigd this study in the TLDA

experiment with TIDM serum, however, expansionh& study to an additional ten
T1DM and control samples did not show a consistemid in expression levels. These
MIRNAs have since been shown to also be differiytiexpressed in serum from
T2DM patients (Zampetaki, Kiechl et al. 2010; Korthu et al. 2011), indicating a

potential commonality between serum markers in T1&d T2DM.
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4.3.1.2 Serum miRNA analysis in T2DM serum specimen

Levels of GSIS related miRNAs (identified from sent3.2.3.2) were also analysed in
serum from type 2 diabetic patients (T2DM). It vigpothesised that as these miRNAs
were down-regulated in non-GSIS MING6 cells, that ttrend may be reflected in
T2DM sera, as an indication of beta cell dysfuntissociated with this disease. Mir-
369-5p was the only miRNA of the 12 analysed wislbbwed a consistent change in all
serum samples tested (6 T2DM specimens and 6 BbIjagder matched controls).
Mir-369-5p was reduced approximately 2.1 fold inDR2 serum specimens; in two
T2DM specimens mir-369-5p was reduced to the extextit was undetectable by real-
time PCR, however, this change was not statisyicalfnificant. This consistent
reduction of mir-369-5p in T2DM serum specimensldqotentially represent beta cell
dysfunction in these patients.

In a study by Konget al. 2011, mir-124a levels were significantly up-regethtin
T2DM serum compared to patients with pre-diabetesomtrol patients with normal
glucose tolerance (Kong, Zhu et al. 2011). Howewegur study no significant change
was seen in mir-124a levels in T2DM patients (feg@r3.11). These conflicting results
could be related to the ethnicity of patients uisethe study, as the patients used in the
Kong et al. 2011 study were from a Chinese population, wikesamples used in our
study were from Caucasian patients.

This pilot study demonstrated the feasibility oingsmiRNAs as serum biomarkers for
T1DM and T2DM patients. We have shown that the nARMofile of TADM serum is
distinct from the miRNA profile in healthy contrgerum. We have also shown the
differential expression of miRNAs in serum from T@Dspecimens. This proof-of-
principle work has established that differencesiiRNA expression profiles in diabetes
versus healthy control sera could be potentiallypla@ied for development of
biomarkers for monitoring and diagnosis of TLDM arZDM.
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4.3.2 Serum protein biomarkers

Serum specimens from diabetes patients were amhlysig the latest proteomics
technologies to identifiy biomarkers of potentiadeufor diagnosis, prognosis and
monitoring of disease progression. Label-free LC4d&niques were employed for the

analysis of these serum specimens.

With the dawn of label-free LC-MS/MS technologieswn software packages were
developed to allow analysis of the resulting datanf such experiments. Progenesis
label-free LC-MS software (NonLinear Dynamics) iseosuch software package.
Progenesis displays the MS/MS data as a 2D imalgerernone axis represents m/z and
the other retention time. A reference sample wiscmost representative of the data is
chosen. The 2D image of the reference samplegaeadi against the 2D images of each
of the other samples in the study to allow idecdifion of matching peak clusters called
features, which correspond to peptides. The sofiwan identify all the common
features or peptides between the reference samgleemaining samples. Identification
of features and aligning of samples allows clearolugata, by the removal of signals
resulting from white noise, background ions or cloainoise (Christin, Bischoff et al.
2011). Data analysis was performed separately &@h ecomparison to be analysed.
Samples were designated into groups for comparisbite features/peptides were then
filtered based on an ANOVA value of less than owaqto 0.2, to identify
features/peptides which were present at differemels in the sample groups. The
MS/MS data for each peptide which fulfilled thetdil criteria was exported to an
external database search engine called MASCOT. MABGoftware correlates the
uninterpreted MS/MS data with sequences in a databa identify the proteins from
which these peptides originated. Each identifieptide is then given a score based on
the probability that the observed match betweerekperimental data and the database
sequence is a random event. Resulting peptidesharefiltered based on MASCOT
score of greater than 40, and hits greater th&ulhsequent identified proteins are then
filtered based on the criteria of ANOVA value ledsan or equal to 0.05 and
identification of at least two unique peptides.

One of the issues associated with label-free LCMEANnd Progenesis analysis is the

requirement for alignment of sample 2D images ajaanreference sample (Tuli and
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Ressom 2009). Alignment allows correction of expemtal variation in the LC
dimension between LC-MS/MS runs, which subsequentlgws the detection of
corresponding peptides in each run (Sandin, Krdagil.e2011). The reference sample
should be chosen as the sample which is most epes/e of the data; choosing a
reference sample which differs greatly from thet i@sthe data severely affects the
quality of the alignment (Sandin, Krogh et al. 2P1h this study we found that
choosing the sample with the highest number of atiete features as the reference
sample gave the most reproducible results. To iijetite most robustly changed
proteins each comparison was performed three tinsesg different reference samples
with highest number of identified features, for ea@nalysis. Three protein lists were
generated for each comparison to be analysed. @atgins which were present on all
three lists were reported in the results sectindividual lists are reported in appendix
C. Performing the data analysis three times witfeint reference samples allowed us
to identify proteins with increased confidence tthegtse protein changes were the result

of a real differential expression rather than adglositive result.
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4.3.2.1 All groups analysis

Control sample DS-171 could not be aligned to afigrence sample selected; therefore
this sample was not included in the analysis. A benof issues could have contributed
this problem, such as variability in sample prepamaprocess or variability due to

analytical equipment performance (Tuli and Ress0092

Principal component analysis (PCA) plots are astiedl technigue commonly used for

the identification of patterns in data of high dms@smns. PCA plots can be useful when
interpreting relationships between different expemtal groups. Outliers can also be
easily identified from PCA plots. A PCA plot wasngeated using all sample groups
(figure 3.3.16). While distinct cloud clusters weret seen for each individual sample
group, the diabetes samples T1DM new (pink spat§pPM old (blue spots), and

control samples (orange and purple spots), wergelgdocalised in separate quadrants
of the cloud cluster. While the autoimmune/inflantong samples clustered in a similar
pattern to the TLDM new samples, indicating thaséhsamples have a similar protein
expression pattern. Type 1 diabetes patients hessqgusly been reported to have T
cells responsive to a number of islet proteinsuprto 1 year post-diagnosis (Brooks-
Worrell, Starkebaum et al. 1996; Brooks-Worrelle@tbaum et al. 2004), therefore the
T1DM new samples used in this study which are apprately 3.14 months post

diagnosis are likely to still express autoimmuriatesl proteins.
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4.3.2.2 Selection of target proteins

Each comparison to be analysed was performedphctite using a different reference
sample for each replicate. Long lists of proteireravidentified as being significantly
differentially expressed for each comparison pentxt. However, only proteins which
were consistently changed in each replicate armalysing a different reference sample
were reported in the results section, leaving a lbst of proteins which were not

consistently changed. Therefore, we believe it goad idea to do repeat analysis of
sample data using different reference samples toageliable list of differentially

expressed proteins.

Proteins for follow-up were selected based on tpetential interest in both T1DM
newly diagnosed (T1DM new) and established dis€EEPM old) studies. Comparison
of control groups used for TIDM new and T1DM oldiss (i.e. control new and
control old samples) was also performed to enswatthe proteins of interest were not
related to the control samples used, but were thdemient related. Additionally,
comparison of autoimmune versus control samplespsd®rmed, to ensure that target
proteins, while patient related, were not due taegal autoimmune or inflammatory
related causes, but rather a diabetes specifictefiétronectin, clusterin, vitamin K-
dependent protein S and apolipoprotein L1 satisflexl selection criteria and were

chosen for further analysis.

Levels of these proteins were quantified using BLt8chnology in the same 8 T1DM
new, T1DM old and control samples as well as antadaél 22 T1DM old samples and

matched controls.

4.3.2.3 Vitronectin

Vitronectin belongs to a family of adhesive glyooieins which play a role in
attachment of cells to their surrounding matrix amaly be involved in regulation of cell
differentiation, proliferation, migration and mowgdenesis (Preissner and Jenne 1991;
Tomasini and Mosher 1991). Vitronectin is also iwed in regulation of complement

activation and blood coagulation (Preissner andndeif991). In conjunction with
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plasminogen activator inhibitor-1 (PAI-1) leveldfrenectin has been shown to be a
marker of metabolic syndrome incidence (Alessi,aNit et al. 2011), possibly through
its regulatory role in insulin signalling (LebruiBaron et al. 2000). Vitronectin
depositions have been suggested to be a markesaétinjury and necrosis, playing a
possible role as a protective factor against tissestruction (Preissner and Seiffert
1998). In our study, increased levels of vitroneastiere seen in TLDM new samples
(n=8) according to the label-free proteomics angjysowever this finding was not
supported by the ELISA data. Higher levels of \ngotin in TIDM new samples could
potentially be indicative of recefitcell destruction in these samples. Converselthén
T1DM old samples, vitronectin levels were signifidtg down-regulated (1.14 fold)

compared to old controls (n=30).

4.3.2.4 Clusterin

Clusterin, also know as apolipoprotein J, has geposed to be involved in a number
of biological functions including complement actyi lipid transport and apoptosis
(Aronis, Kim et al. 2011). A number of studies hasealuated clusterin levels in
diabetes patients. Clusterin levels can be measgedculating clusterin or lipoprotein
associated clusterin. In T2DM patients, high ciatinlg clusterin (Trougakos, Poulakou
et al. 2002; Kujiraoka, Hattori et al. 2006) and Ll-Bssociated clusterin (Pettersson,
Karlsson et al. 2011) have been detected, whileléwels of HDL-associated clusterin
is seen in patients with metabolic syndrome (Hoglea Wu et al. 2010).
Polymorphisms of the clusterin gene have also kessociated with prevalence of
T2DM (Daimon, Oizumi et al. 2011). Oxidation of diproptein lipids is raised in
T2DM patients (Dimitriadis, Griffin et al. 1996)hdrefore altered levels of circulating
clusterin and lipoprotein associated clusterin fbayelated to altered lipid metabolism

in these patients (Kujiraoka, Hattori et al. 2006).

Clusterin levels in T1DM are less well studied lipgl metabolism dysfunction is less
extreme in these patients. One previous study ifiEthidecreased circulating clusterin
levels in TIDM samples compared to controls (M&Qmn et al. 2008). In our initial
biomarker discovery experiment, increased clusteniels were detected in TLDM new
samples compared to controls; however, follow umaton of this target using ELISA
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technology did not show any significant changelusterin levels in these patients. The
increased clusterin expression detected in thel-faede experiment may have been
skewed by the outlier TADM new sample in pair guyfe 3.2.26), which shows almost
double the level of clusterin compared to the ofiBlDM new samples. As the label-
free proteomics approach analyses sample grouperrdaban individual samples,
therefore outlier samples could potentially skeer tbsults. Increased clusterin levels in
the label-free proteomics could also be as a restulincreased LDL- or HDL-
associated clusterin. Proteins associated with &@mp in serum may be quantified
using label-free LC-MS, as long as a protein ondhwdace of the complex associates
with the ProteoMiné beads, so the complex is retained. Subsequent lsamp
preparation and digestion steps release all pofeam complexes allowing them to be
quantified. However, in an ELISA setup, if the miat is not at the surface of the
complex, with the specific epitope exposed for aeptantibody recognition, then this
protein will not be bound and quantified. Therefarenflicting results in the label-free
proteomics and ELISA data may indicate the involgamof protein complexes,
hindering quantification by ELISA.

Increased total clusterin levels in T1DM new samapl@ccording to label-free
proteomic analysis) negatively correlated with HBiels, as T1DM new group had the
lowest HDL measurement of the sample groups (tal8e4). As with the T2DM and
metabolic syndrome studies mentioned previouslpy@akos, Poulakou et al. 2002;
Kujiraoka, Hattori et al. 2006; Hoofnagle, Wu et 2010; Pettersson, Karlsson et al.
2011), it may be interesting to determine clustdeivels in isolated HDL and LDL

complexes in TLDM samples.

4.3.2.5 Vitamin K-dependent protein S

Vitamin K-dependent protein S functions as an aaijulant, it may also be involved in
regulation of complement activation through bindofgC4b-binding protein (Dahlback
2007). Protein S can also bind cells undergoingtgsis and stimulate phagocytosis of
these cells (Anderson, Maylock et al. 2003). Ldbst proteomic analysis found this
protein to be increased in TIDM new samples andedsed in T1DM old samples
(n=8). Higher levels of vitamin K-dependent prot&inn T1DM new samples may be

indicative of increase@-cell apoptosis in these samples,fasell apoptosis has been
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suggested to be the initiating factor in T-cell maged autoimmunity associated with
type 1 diabetes (Mathis, Vence et al. 2001). Caselgr ELISA validation of this target
in the same T1DM new samples showed that Vitamideldendent protein S was
significantly down-regulated in these patients. diabetes patients have increased
incidence of coagulation abnormalities (Ceriello93p a reduced level of the
anticoagulant vitamin K-dependent protein S may leentributory factor to this effect.
However, as vitamin K-dependent protein S levels TihDM new patients are
conflicting according to proteomic profiling and EHA results, the potential of this

protein as a biomarker in TLDM patients needs ttuldber studied.

4.3.2.6 Apolipoprotein L1

Apolipoprotein L1 is a HDL-associated protein (Datdau, Pullinger et al. 1997).
Levels of apolipoprotein L1 were decreased in T1M samples compared to
controls. Apolipoprotein L1 levels were also shotwwrbe increased in the TIDM new
versus T1DM old comparison. However, as no chasgeeen in T1DM new versus
control comparison, therefore the increased lav@lliDM new is most likely due to the
reduced levels in T1IDM old samples rather than maarease in T1DM new
apolipoprotein L1 levels. A negative correlationlwHDL measurements is also seen
with apolipoprotein L1, T1DM old samples with demsed levels of apolipoprotein L1
display the highest HDL measurement of each ofséaple groups (table 3.3.5). A
number of studies have linked apolipoprotein Llhwibn-diabetic renal disease (Tzur,
Rosset et al. 2010; Freedman, Langefeld et al. 2@1d in the context of diabetes, this
protein is relatively unstudied. The ELISA kit empéd in this study was unable to
measure apolipoprotein L1 levels in our serum samgherefore an alternative method
for measurement of this protein is required todetk apolipoprotein L1 as a potential
biomarker of TLDM.
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4.3.2.7 Summary of proteomics target validation

A number of proteomic profiling studies have premly been performed in the attempt
to identify biomarkers for early diagnosis, treattnend management of diabetes
(Matsumura, Suzuki et al. 2006; Kruger, Yang et@ll0; Zhang, Sun et al. 2010), as
well as biomarkers to detect the onset of seconcamplications in these patients (Otu,
Can et al. 2007; Madan, Gupt et al. 2010). Of themqtial biomarker proteins identified
in this study, only clusterin has been previoushkeéd to T1DM (Metz, Qian et al.
2008).

In this study, differentially expressed proteingraérest initially detected by proteomic
profiling studies, were further validated by an iéiddal technique, ELISA, to ensure
protein changes observed were consistent. In tH@MI'hew study, the same eight
samples used in the profiling experiment were usdtie ELISA validation. However,
no change was seen in vitronectin and clusterial$e\but decreased levels of vitamin
K-dependent protein S were detected, directly ojpgoghe initial result of the
proteomic profiling experiment. Four and five uregpeptides of vitamin K-dependent
protein S were identified for protein ID confirmati therefore, the opposing results
from label-free LC-MS and ELISA technologies on g@ne samples may potentially
indicate the presence of multiple isoforms/variaftgitamin K-dependent protein S in
serum. If the capture antibody used in the ELISApecific for one isoform, this may
explain the discrepancies seen between the labelgroteomics and ELISA analysis.
As sample numbers are quite small, additional saswould be required to assess the
validity of vitamin K-dependent protein S as a mitd TIDM new biomarker. In the
T1DM old versus control study, additional samplesravavailable for validation of
target proteins. Protein levels were assessed in1Z¥ old samples and controls, in
addition to the 8 T1DM old and control samples tivate also used for the profiling
experiment. In this larger cohort of patients, t#us and vitamin K-dependent protein
S levels were not significantly different. Howevaeritronectin was significantly
decreased in the larger sample group, in agreewitmthe profiling data. While, in the
T1DM new versus T1DM old comparison, no significahtinge was detected in levels
of vitronectin, clusterin and vitamin K-dependendtgin S. Lack of correlation between
label-free LC-MS and ELISA findings could also b#ributed to the sample pre-

treatment — ProteoMinBf if target proteins are associated with high abonda
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proteins. As high abundance proteins quickly s&turtheir ligands, therefore
quantitative information on these high abundancgemms and interacting proteins may

be effected.

Pancreatic beta-cell specific markers would malealibiomarkers for T1DM, with
decreasing levels leading up to diagnosis of desbegflecting the gradual beta-cell
destruction seen in these patients in the montbs far diagnosis. However, as serum is
such a complex mixture, containing factors secrétewh all tissues in the body, it is
difficult to detect changes in beta-cell specifiotpins, as beta-cells make up a very
small percentage of the total cell mass in humBi@narkers identified in this study,
although seemingly not directly related to pathagen of diabetes could potentially be
reflective of the effect of beta cell destructiam ather cells and tissues in the body, as
insulin has many target tissues in the body, a lclksulin signalling may affect a

number of different organs and signalling mechasism
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4.3.3 Serum metabolite biomarkers

In this study 8 newly diagnosed type 1 diabeted\(Tderum samples were analysed in
comparison to 8 non-diabetic healthy controls. Samwere matched according to age,
BMI and gender. Table 3.3.11 shows mean valuegdaeral characteristics of control
and TIN groups. Fasting plasma glucose and HbA#&ts tare used routinely for
monitoring glycemic control in diabetes patientd NTsamples show increased fasting
glucose and HbAlc values compared to control sangli&éN fasting plasma glucose
levels fall within the impaired/pre-diabetes glue@ange (table 4.3.1) (Genuth, Alberti
et al. 2003). Mean HbAlc level of TIN group is almove the American Diabetes
Associations (ADA) recommended level of 7% . T1Kuse samples used in this study
were taken approximately 3 months following diagsoalthough these patients are
receiving insulin therapy, their fasting glucosel atbAlc levels signify the need for
optimisation of insulin therapy and glucose moritgrfor maintenance of glycemic

control.

Condition Fasting Plasma Glucose

Normal < 5.6 mmol/L (< 100 mg/dL)
Impaired (Pre-diabetes)5.6 — 6.9 mmol/L (100 — 125 mg/dL)
Diabetes > 7.0 mmol/L (> 126 mg/dL)

Table 4.3.1Diagnostic threshold for diabetes and impairetifigglucose (Genuth,
Alberti et al. 2003).
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4.3.3.1 Carbohydrate Metabolism

This study identified 23 metabolites which weresgr@ at significantly different levels
in our T1IN population relative to control. The nmihte with the greatest fold change
was 1,5-anhydroglucitol (1,5-AG). 1,5-AG is a nally occurring unmetabolisable
dietary monosaccharide (Yamanouchi, Tachibana .e1392). After filtering of the
blood by the kidney, 1,5-AG competes with glucose ffe-absorption (Akanuma,
Morita et al. 1988). When glucose levels rise abthe renal threshold for glucose,
increased glucose levels prevent re-absorption®AG in the kidney, therefore as a
direct result of hyperglycaemia, 1,5-AG levels ilodd are reduced, while levels in
urine are increased (figure 4.3.2) (Yamanouchi, dvidzato et al. 1992; Yamanouchi,
Ogata et al. 1996). In this study 1,5-AG levels eveecreased by 2.8 fold in T1N
patients, in agreement with published effects afcgte on 1,5-AG (Yamanouchi,
Moromizato et al. 1992; Yamanouchi, Ogata et aP6)9 these T1N patients also
exhibit higher fasting glucose levels of approxietatl.5 fold, as measured by
metabolic profiling by Metabolon, as well as pafttroutine blood work performed at
Connolly Hospital, Blanchardstown following samplalection. 1,5-AG has also been
identified in recent metabolomic profiling studiestype 2 diabetes in humans (Suhre,
Meisinger et al. 2010) and a rodent model of hepasulin resistance (Li, Hu et al.
2010). In agreement with our observations and presty published data (Yamanouchi,
Moromizato et al. 1992; Yamanouchi, Ogata et aP6)9decreased 1,5-AG levels in
type 2 diabetes serum was accompanied by highelsl®i glucose relative to control
non-diabetes serum (Suhre, Meisinger et al. 20Ajle in the rodent model of hepatic
insulin resistance, 1,5-AG levels were shown talbereased in both liver and plasma
samples (Li, Hu et al. 2010).
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Figure 4.3.2 1,5-anhydroglucitol in normoglycemic and hyperglgeac conditions.
During normoglycemia 1,5-AG is filtered in the ks and reabsorbed into the blood
stream, maintaining constant levels in the bloodd&t hyperglycaemic conditions
glucose competes with 1,5-AG for reabsorption mklineys, thereby causing reduced
levels of 1,5-AG in blood and increased levelsrinel

Routinely used markers for glycemic control suchHag\1c and fructosamine give an

average value for glycemic control; this averageeanay mask glycemic instability as

hyperglycaemic events may be balanced by hypoghgmaevents (Dungan, Buse et al.

2006). Patients with seemingly well controlled ditds, HbAlc values between 6.5 —
8%, may experience significant postprandial hypeagmia (Erlinger and Brancati

2001). 1,5-AG levels correlate more robustly wittspprandial glucose compared to
HbA1c (Yamanouchi, Inoue et al. 2001; Dungan, Betsal. 2006). 1,5-AG levels also

respond more rapidly to fluctuations in glucosesle(Yamanouchi, Moromizato et al.

1992; Yamanouchi, Ogata et al. 1996). ThereforeAlGSmay be of use as a marker of
short-term post-prandial glucose control in paseat or near target HbAlc levels

(Kishimoto, Yamasaki et al. 1995; McGill, Cole ¢t2004; Dungan, Buse et al. 2006).
A reduction of 1,5-AG levels in serum from patiemtgh pre-diabetes conditions-

impaired glucose tolerance and impaired fastingage, indicates the possible use of
1,5-AG screening for determining patients at rigkdeveloping diabetes (Tsukui,

Fukumura et al. 1996; Won, Park et al. 2009).
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Other metabolites involved in glucose metabolismahsas pyruvate and lactate also
showed slightly decreased levels in TIN patient® @nd 1.2 fold respectively),
however, this reduction was not statistically digant (figure 4.3.3). Low levels of
lactate have previously been observed in studieBype 1 diabetes, Type 2 diabetes
and hepatic insulin resistance (Bao, Zhao et @920anza, Zhang et al. 2010; Li, Hu
et al. 2010). High serum levels of glucose, in nantion with low levels of 1,5-AG and
glycolysis end products- pyruvate and lactate cquddsibly indicate a reduction of
glucose utilisation, or glucose transportatioroinells in TIN patients. Transport of
glucose across the cell membrane is the rate tigiistep in glucose utilisation
pathways in mammals (Pickup and Williams 1997) fficient insulin levels may
hinder transport of glucose into target cells, legdto lower levels of glycolysis

intermediates.

Other glycolysis intermediates were not detectedthis serum study, as all nine
glycolysis intermediates are phosphorylated, wipobvents these high energy sugar
molecules from leaving the cell as cell membrarezseally lack transporter molecules

for phosphorylated sugars (Nelson and Cox 2005).

Pyruvate, the end-product of glycolysis, is thertstg material in the TCA cycle.
Possibly due to the reduced pyruvate, lower leeélsome TCA cycle intermediates
and by-products- malate and succinylcarnitine vgesen in TLN samples (1.72 and 1.37
fold respectively) (figure 4.3.3). Succinylcarngins likely formed from TCA cycle
component succinyl CoA (Carrozzo, Dionisi-Vici @t 2007). High glucose levels in
addition to low levels of TCA cycle intermediatesvk also been reported in studies of

type 2 diabetes and impaired glucose regulatiomiighWang et al. 2009).

306



IGIucose4| ll,5-AnhydroqucitoI

Anaerobic .
Glycolysis Glycolysis Pathway
pathway.__ ] Pyivate
lLactate
/v Oxaloacetate Citrate \\
M?Iate TCA cycle Isoclltrate
Fumarate Alpha ketoglutarate

\ Succinatee——— Succinyl-CoA 4/
\ lSuccinylcarnitine

Figure 4.3.3Glycolysis and Citric Acid Cycle. Molecules marketth red arrow were
present at higher levels and molecules marked griélen arrow were present at lower
levels in serum from newly diagnosed Type 1 diabptdients.
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Lactate levels generated in muscle tissue throngerabic glycolysis are transported to
the liver to undergo gluconeogenesis. This trartspblactate from muscle to liver is
known as the Cori cycle (figure 4.3.4). Reducectlewf lactate may indicate reduced

Cori cycle activity in T1N patients.

Liver Muscle

Glucose——\v

Glucose

Glucose

Gluconeogenesis

Blood i
Pvruvate Anaerobic
Y Pyruvate Glycolysis

Lactate

Lactate

Figure 4.3.4 Cori Cycle. Lactate produced in muscle under araerglycolysis is
transported to the liver to undergo gluconeogenediere glucose supplies are
replenished and then transported back to the mémcenergy.
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4.3.3.2 Fat Metabolism

The lipid profile of serum samples was measured@hoith the routine blood work at
Connolly Hospital, Blanchardtown. Total triglycessl cholesterol, HDL-cholesterol
and LDL-cholesterol were lower in T1IN serum compar® control serum.
Metabolomic analysis also showed that cholestead slightly lower in T1IN patients
(1.09 fold), but not significantly so. Poorly carited type 1 diabetes patients can
exhibit raised cholesterol, triglyceride and LDLebésterol levels, in addition to low
HDL-cholesterol levels (Pickup and Williams 199yawever, the within-normal range
lipid profile (table 4.3.2) of T1N patients used tims study indicates that they are
relatively well controlled. Total cholesterol andIL-cholesterol values for control

samples were beyond the Irish Heart Foundatidmip:(/www.irishheart.ie/iopen2yt/

recommended healthy values (table 4.3.2). Lowetesterol and triglyceride levels in
TIN serum specimens could be indicative of a healtdiet and lifestyle. High

cholesterol levels in control serum could also ridative of genetic predisposition to
high cholesterol; however, none of the control speas included in this study has

reported familial hypercholesterolemia.

Lipid Profile Recommended Level

(mmol/L)
Total cholestero <5
LDL cholesterol <3
HDL cholesterol > 1
Triglycerides <2

Table 4.3.2Healthy cholesterol and triglyceride levels, asoramended by the Irish
Heart Foundation.

Fatty acid dicarboxylates- sebacate and 3-carbemethyl-5-propy-2-furanpropanoate
(CMPF) were present at significantly lower levels serum from T1N patients
compared to control serum, at 1.47 and 1.72 fodgeetively. Serum fatty acids may
originate from 3 different sources, 1- fatty acisnsumed in the diet, 2- stored in
adipocytes as triglycerides, or 3- be biosynthekirethe body from excess glucose
(Nelson and Cox 2005).
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Decreased levels of fatty acid dicarboxylates se€enlLN patients could potentially be

indicative of decreased levels of lipolysis in Hipose tissue, or reduction of fatty acid
biosynthesis. Fatty acid biosynthesis requiresy&€siA, most of which is obtained

from pyruvate oxidation (Nelson and Cox 2005), geupate levels are decreased in
T1N samples (1.6 fold), this may lead to reducety facid biosynthesis.

Reduced lipolysis could also be the cause of deeckaerum fatty acid dicarboxylate
levels in TIN serum. High levels of lipolysis afeacacteristically seen in untreated or
poorly controlled type 1 diabetes patients, theeefétower levels of fatty acid

dicarboxylates and reduced lipolysis indicates these patients are well-controlled.

Lipolysis involves the hydrolyzation of adiposestie stored triglycerides into free fatty
acids when hormones signal the need for metabokcgy. FFAs can then pass into the
blood stream and travel to sites of energy requergsip-oxidation is the breakdown of
FFAs to acetyl coenzyme-A (CoA), which can enter TiCA cycle to generate energy.
-oxidation of FFAs occurs in the mitochondrial nrattnd in order for FFAS to access
the mitochondrial matrix they must be transportedascarnitine shuttle (figure 4.3.5).
Firstly FFAs undergo conjugation to CoA generafiaigy acyl-CoA. Fatty acyl-CoA is
then transiently attached to carnitine via a tratesdication reaction to form fatty acyl-
carnitine, which can then be translocated into rtiimchondrial matrix via the acyl-
carnitine transporter. Once inside the mitochaidmatrix the fatty acyl-CoA is
regenerated while the carnitine molecule is reléased transported back into the
intermembrane space ready to transport the neyt dayl-CoA molecule (Nelson and
Cox 2005). In this study, a number of these fattyl-aarnitine compounds were present

at lower levels in the T1N group compared to cdetro

Propionylcarnitine and hexanoylcarnitine levels @vsignificantly lower in T1N versus
control group by 1.39 and 1.47 fold respectivelyhiM/ butyrylcarnitine (1.72 fold),
deoxycarnitine (1.15 fold), carnitine (1.15 foldgcetylcarnitine (1.18 fold),
octanoylcarnitine (1.54 fold) and decanoylcarnitiie32 fold) were also present at
slightly lower levels in diabetes patients, butsthechanges were not significant. A
number of acyl-carnitines including propionylcammi and hexanoylcarnitine have
previously been reported to correlate with insudisistance (Gall, Beebe et al. 2010; Li,
Hu et al. 2010).
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Decreased levels of fatty acyl-carnitine compoumdsI1IN group could indicate a
reduced level op-oxidation in these patients. Lower levels of ctinei were also seen
in diabetes serum relative to control. As carnishattle mediated transportation of
fatty acyl-CoA molecules into the mitochondrial mpais the rate limiting step of fatty
acid B-oxidation, therefore lower levels of free carmgtiwould lead to lower levels of

fatty acidp-oxidation, and subsequently lower levels of faitid dicarboxylates.

Fatty Acyl Cod

+

Carniting — Fatty Aoyl Carnitine

outer surface

inrer surfoce Jj

Carnitine g —— — Fatty acyl Carnitine

+
Fatty Acul Cod Loa

Figure 4.3.5 Transport of fatty acyl-CoA into mitochondria blyet carnitine shuttle.
Image taken from Mountain West Digital Library, btacademic Library Consortium
(http://mwdl.org/index.php/home).
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During low glucose conditions such as fasting, bh&n cannot utilise fatty acids for
energy, therefore acetyl-CoA from fatty aiebxidation is converted to ketone bodies.
The ketone body- 3-hydroxybutyrate, is the mainrgyesource for the brain under
fasting conditions (Owen, Morgan et al. 1967). Rdikvels of 3-hydroxybutyrate were
seen in serum from T1N patients relative to costroRaised levels of 3-

hydroxybutyrate have also been seen in serum fygre 2 diabetes patients (Suhre,
Meisinger et al. 2010). Ketone bodies are knowmdoraised in the insulin deficient
state (Balasse and Fery 1989). Insulin inhibitsogenesis, while insulin deficiency
stimulates it (Johnston and Alberti 1982; McGalMyoeltje et al. 1989). Ketogenesis is
necessary in small amounts; however, excess ketsgeras a result of insulin

deficiency can lead to diabetic ketoacidosis.

The lysolipid- 1-pentadecanoylglyerophosphocholivess also present at significantly
lower levels (1.82 fold) in diabetes serum relatteecontrol serum. Lysolipids are
involved in the formation of lipid bilayers of cethembranes. Of the 16 lysolipids
detected in this study 1-pentadecanoylglycerophandmpiine is the only lysolipid

which is significantly changed in diabetes serumo. dbvious trend was seen in the

other lysolipids analysed.

Previous studies have shown altered levels offatg acids (Li, Xu et al. 2009; Gall,
Beebe et al. 2010; Lucio, Fekete et al. 2010), lolgin fatty acids (Bao, Zhao et al.
2009), essential fatty acids (Li, Xu et al. 2009cio, Fekete et al. 2010), acyl-
carnitines (Gall, Beebe et al. 2010) and ketonedso@Huo, Cai et al. 2009; Gall, Beebe
et al. 2010; Suhre, Meisinger et al. 2010) in tybealiabetes and insulin resistant
patients. Although lipid abnormities occur moreqgfiently in type 2 diabetes patients
(Pickup and Williams 1997), we have identified apes in lipid metabolites in serum
from type 1 diabetes patients compared to conaoies. Altered lipid metabolism is
also seen in children who later develop type 1eted these lipid changes are evident
before the patients exhibit autoantibody positiidresic, Simell et al. 2008), therefore
lipid metabolites may represent a good targetdoeening patients at risk of developing

type 1 diabetes.

Lipid metabolite changes identified in this studynoot be conclusively determined to
be related to the T1DM disease state. As contnoipsas used in this study displayed
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high cholesterol, this may have a knock on effeatlipid metabolism; therefore
metabolite changes may be more characteristic g ltholesterol rather than the

presence of diabetes.

4.3.3.3 Amino Acid Metabolism

A number of amino acid metabolites were also sigaiitly changed in diabetes

patients relative to control. Of the 247 amino atietabolites detected in these serum
samples, 7 were significantly different in TIN wesscontrol, indicating that no vast

differences were present in amino acid metaboli$ndi@betes and control patients.

Altered amino acid metabolism has also previousherb reported in metabolomic

profiling studies of type 1 diabetes (Oresic, Sireehl. 2008; Zhang, Nagana Gowda et
al. 2008; Lanza, Zhang et al. 2010; Godzien, Cilwsko et al. 2011), type 2 diabetes

(van Doorn, Vogels et al. 2007; Bao, Zhao et a0@@ai, Huo et al. 2009; Huo, Cai et

al. 2009; Zhang, Yan et al. 2009; Connor, Hanseal.€2010; Suhre, Meisinger et al.

2010) and impaired glucose tolerance / insulinstasice (Atherton, Bailey et al. 2006;

Zhang, Wang et al. 2009; Gall, Beebe et al. 20Hnkinen, Schwab et al. 2010; Li, Hu

et al. 2010; Tsutsui, Maeda et al. 2010; Zhaoséhie et al. 2010) studies.

The amino acids arginine and glutamine were presesignificantly increased levels in
TIN samples relative to control, 1.56 and 1.14 foéspectively (table 3.3.14).
Increased levels of amino acids could be an indicabf increased proteolysis or
increased amino acid synthesis. However, increésesls of protein metabolites in
overnight fasting serum samples generally indicateeased proteolysis in the fasting
state, to allow the release of amino acids for atxah and energy production (Pickup
and Williams 1997). Arginine and glutamine are glgenic amino acids, therefore, on
amino acid degradation the carbon skeleton of trese&o acids are diverted to
gluconeognesis (figure 4.3.6) (Nelson and Cox 208%yinine is also a urea cycle
intermediate (figure 4.3.6), further indicating artrease in proteolysis, as the urea
cycle functions to convert ammonia from amino agxildation to urea for excretion.
Glutamine is also a major component of amino agidation (figure 4.3.6). Ammonia
generated from amino acid oxidation is toxic teuiss, therefore, it is combined with
glutamate to yield glutamine, which can then bendpmrted safely to the liver or

kidneys for excretion (Nelson and Cox 2005). Themefincreased levels of glutamine
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also suggest increased activity of the amino aegtadation pathway. Increased levels
of glutamine were also identified in a study of éy@ diabetes serum (van Doorn,
Vogels et al. 2007). Newly presenting patients withe 1 diabetes and patients with
poorly controlled established diabetes typicallfibi increased protein catabolism and
muscle wasting (Pickup and Williams 1997). Howewsr arginine and glutamine were
the only amino acids to show increased levels iN patients and the fold change of
these metabolites was relatively small, below DMl fthis may indicate that these
patients were in relatively good metabolic conabthe time the samples were taken, as
also indicated by HbAlc levels of approximately9Z.Enhanced urea cycle activity has
previously been suggested to be a feature of hepaulin resistance (Li, Hu et al.
2010), therefore this could indicate that theseepé are beginning to display effects of

insulin resistance.
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Figure 4.3.6 Overview of amino acid catabolism. Glutamine angirane shown with
red arrows were increased in serum from T1N paisgiative to control serum.
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Other proteolysis and amino acid oxidation relatedabolites which were significantly
different include isovalerylcarnitine, 2-methylbrdylcarnitine and propionylcarnitine
involved in valine, leucine and isoleucine metatmliwere down regulated by 1.92,
1.64 and 1.39 fold respectively, in TLN serum coragdo control. Isovalerylcarnitine,
2-methylbutyroylcarnitine and propionylcarnitinevieaalso been shown to correlate
with impaired glucose tolerance and impaired fasglucose (Gall, Beebe et al. 2010).
As valine, leucine and isoleucine are essentiahamacids, and cannot by synthesized
in the body, therefore metabolites of these amuidsaare an indication of amino acid
oxidation rather than amino acid synthesis. Valleacine and isoleucine amino acids
contain aliphatic side chains and are thereforevknas the branched chain amino acids
(BCAA). BCAAs have previously been reported to lhesignificance in diabetes, with
raised BCAA levels presenting prior to autoantibgagitivity in children which later
develop type 1 diabetes (Oresic, Simell et al. 200@reased levels of BCAAs are also
seen in poorly controlled type 1 and type 2 diabg@tients (Vannini, Marchesini et al.
1982; Tessari, Biolo et al. 1990; Lanza, Zhangle2@10). As BCAA metabolites in
this study were decreased this may indicate thatptitients used in this study were
under good metabolic control. BCAAs and BCAA meldbs may be useful for
detection of people who will develop type 1 diaketater in life, and also for

monitoring of metabolic control in patients withtasished diabetes.

N-acetyl threonine involved in threonine metabolismother essential amino acid, was
also down regulated by 1.54 fold in TLN samplesx$proline, involved in glutathione

metabolism was also down regulated 1.16 fold in paNent serum.

Essential amino acid metabolites were seen to é&sept at lower levels in T1N patients
compared to control. These amino acids cannot bthegized in the body and need to
be taken up in the diet, therefore lower levelgsdential amino acid metabolites could
indicate a lower level of essential amino acid ketan the diet or reduced essential
amino acid oxidation in the body. Conversely, neseatial or conditionally essential

amino acid metabolites are present at higher lewadicating increased levels of non-

essential amino acid oxidation. If low levels of@stial amino acids are taken up in the
diet these amino acids are required for proteirth®gis, while surplus non-essential

amino acids may be oxidised for energy production.
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4.3.3.4 Nucleotide Metabolism

Urate levels were significantly decreased in T1sgles relative to control, by 1.23

fold. Urate is formed from the degradation of paricontaining nucleotides (adenine
and guanine), and is excreted in the urine. Altarexte levels have previously been
linked to development of insulin resistance (GBkebe et al. 2010), type 2 diabetes
(Lin, Tsai et al. 2004; Bao, Zhao et al. 2009; GBlkebe et al. 2010), and kidney
dysfunction in diabetes (Fukui, Tanaka et al. 2008; Liang et al. 2009). Low levels

of urate could indicate reduced activity of nucigetcatabolism, due to either reduced
purine intake in the diet, or reduced proteolysiscould indicate altered excretion of
urate by the kidneys. Altered urate levels may aksandicative of kidney dysfunction,

however, kidney function markers creatinine anadbikyl sulphate were unchanged in

the T1N serum samples used in this study, relatventrol serum.

11 nucleotide related metabolites were detectethén samples used in this study.
However, as urate was the only significantly adlereicleotide-related metabolite in
T1N versus control samples, and the fold changequds low, therefore the alterations

in nucleotide metabolism in TIN serum were reldyiveinor.

4.3.3.5 Benzoate Metabolism

Benzoates are frequently used as preservativeacfdic foods such as fruit juices and
soft drinks (Warth 1991). Increased levels of datésulphate, a benzoate metabolite
could indicate that T1N patients consume more b&tezoontaining food items than the

control group.

4.3.3.6 Caffeine Metabolism

Caffeine metabolism was the most obviously altgpathway in TIN compared to
control samples. Of the 7 caffeine related meta®ldetected in these samples, all 7
metabolites were down-regulated in TIN samplesfe@ed (2.5 fold), paraxanthine
(1.78 fold), theophylline (1.89 fold), 1,3-dimethyate (1.37 fold) and 1,7-
dimethylurate (1.67 fold) were all significantlywn-regulated. While theobromine and

317



1,3,7-trimethylurate were not significantly dowrguéated they still followed the same

trend.

An obvious explanation for this trend would be ttte# T1N patients consumed lower
levels of caffeine containing products. The consamples used in this study were
taken from healthy medical interns. The intern y&fanedical training is well known to
be very demanding and stressful. It is generalbepted that people in high stress jobs
tend to drink more coffee than those in less degshs (Conway, Vickers et al. 1981),
therefore it is likely that the reduced levels affeine and caffeine related metabolites

in TIN samples are due to the higher than nornféioa consumption of the control

group.

Caffeine is also known to have a negative effectrmulin sensitivity (Keijzers, De

Galan et al. 2002). While patients in this studyrevaot specifically advised against
caffeine consumption, some may have become awatigeoéffect of caffeine on their
disease through their own research, and are lighdaifeine intake accordingly.
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4.3.3.7 Peptides

A number of peptides were also detected by the mo&ia platform. The fibrinogen

cleavage peptide — fibrinopeptide A (FPA) was digantly increased in TLN samples.
FPA is produced during the clotting process, whiemorhbin cleaves fibrinogen to

produce fibrin and fibrinopeptide. Up-regulationFi?A has previously been reported in
type 1 (Gianazza, Mainini et al. 2010) and typeigbeétes (Meigs, D'Agostino et al.
1997), and may be associated with diabetic nepkingpéGianazza, Mainini et al.

2010).

FPA levels were validated in the same 8 T1N andtrobrsamples used in the
metabolomic profiling study using an ELISA. The B showed a significant up-
regulation of FPA levels in TIN samples comparedctmtrols (figure 3.3.36).
Additionally, FPA levels were quantified in 30 T1DW®Id and control samples, to
determine if this change in FPA levels was spedlificrelated to newly diagnosed
diabetes, or a more general diabetes marker. Wiakinlg at the additional T1DM old
and control old sample groups, it appears than ERAIs are reduced in control new
samples, rather than increased in the T1N samgdesriginally thought (figure 3.3.41).
Altered levels of FPA have previously been linkeithvalcohol consumption (Nomura,
Tomonaga et al. 2004). T1N patients in this stumty,average consume 5.8 units of
alcohol per week, while this number is raised to31#r the control new subjects.
While this difference in alcohol consumption is statistically significant, it may play
a role in the altered levels of FPA in these sasipldese results may also indicate
potential dysregulation of FPA in the control oldngples, possibly due to clotting
related issue in these patients, however, no otpttir coagulation related conditions

had been diagnosed in these patients at the tirsanople collection.
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4.3.3.8 Metabolites as biomarkers

Twenty-three metabolites were significantly differdetween T1N and control serum,
incorporating metabolites from varying pathwaysafbohydrate, lipid and amino acid
metabolism. Untreated diabetes is characterisethdrgased carbohydrate anabolism
via gluconeogenesis, in addition to increased lgnd amino acid catabolism. Diabetes
patients used in this study have been on insubiattnent for approximately 3 months,
the metabolomic profiling of these patients sholat twhile some differences in these

metabolic pathways still remain, these patientsrarelatively good metabolic control.

The usefulness of multiple markers for diagnostegposis and for predicting the risk
of developing diseases or their complications isvneidely recognised (Landers,
Burger et al. 2005; Zethelius, Berglund et al. 2008etabolite biomarkers have been
used extensively over the years for monitoring ase e.g. glucose for diabetes,
cholesterol for heart disease. Individual metabslitan also be very easily and rapidly
quantified using biochemical assays or ELISAs, omcelect panel has been identified
for a particular disease. Biomarkers for early d@gis of type 1 diabetes, could
potentially allow treatment of the autoimmune dssehefore extensive beta cell death
has occurred, thereby potentially avoiding the rfeechsulin therapy and the long term
secondary complications of diabetes, such as dalbephropathy, retinopathy and

microvascular disease.
However, to conclusively determine if the metaledlitdentified in this study are of use

as biomarkers for early diagnosis, these metalsoliteuld need to be analysed in a

larger cohort of patients at various stages of kbgeent of the disease.
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5.0 Summary and Conclusions
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5.1 MING6 as a model for studying GSIS

MING cells exhibit glucose stimulated insulin sdie (GSIS) when exposed to
3.3mM to 16.7mM glucose concentrations. With insneg time in culture the
GSIS response of these cells diminishes.

Some assays performed during the course of thiyy staeded to be repeated a
large number of times to determine if the treatmefiiécts on GSIS were
significant, as we observed considerable interplateations in GSIS and basal
insulin secretion. Also, the same pre/anti-mirs aoohtrols sometimes
stimulated or decreased insulin secretion.

However, in spite of these problems, as there ifiutnan pancreatic beta cell
line available, in order to study the mechanism&81S we had no alternative

but to continue this study with MING cells; beingnaiful of its limitations.

5.2 MicroRNAs involved in glucose stimulated insuh secretion

MING cells at passage 37 showed a glucose contiemidependent increase in
insulin secretion producing a 3.3 fold increasesuiim secretion when glucose
stimulation was increased from 3.3 mmol/L to 16 malL for 1 hr and so these
cells were subsequently termed glucose-responsié6Mells. In contrast, the
same increase in glucose concentration when aadildNG6 cells at passage 40
resulted in 1.3-fold increase in insulin secretoay i.e. non-glucose responsive
MING cells (figure 3.1.1).

Gradual loss of GSIS was observed in continuousliueed MING cells from
passage 37 to 40 (figure 3.1.1).

TagMan low density miRNA arrays were performed asgage 37 glucose
responsive and passage 40 glucose non-responsiMg klls. 12 miRNAs
were identified as differentially expressed in théwo cell populations (table
3.1.2). All 12 were down-regulated in glucose nesponsive cells. This data
was presented at RNAI 2008, Oxford, UK (see pagppendix E).
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21 novel murine miRNAs were also detected in MINfIscin this study, these
21 miRNAs have not been previously reported to besent in mouse cells
(table 3.1.1).

Validation of the TLDA miRNA targets showed thatbthe 12 targets were not
significantly differentially expressed using singlex PCR (table 3.1.3).
Bioinformatic analysis using MiRanda software idiged putative targets of
differentially expressed miRNAs from microarray gmoteomics profiling data
on glucose responsive and glucose non-responsi6MElls (table 3.1.4).
Among these miRNA targets were a number of genasidered important for
beta cell function, such aseuroD1, Isl1 and txnip. Txnip knockdown has
previously been shown to increase GSIS responssgeime MING cells. Mir-
200a and mir-130a may potentially mediate thee@fbn GSIS by regulation of
TXnip.

Functional validation of miRNA targets was perfodnesing pre-mirs and anti-
mirs for over- and under-expression of miRNAs. AIRNA targets were
under-expressed in non-glucose responsive cellBLDA analysis; therefore,
over-expression using pre-mirs would be expectetnfmrove GSIS in MIN6
cells, while under-expression using anti-mirs wdoddexpected to reduce GSIS
in MING cells.

Due to large variations in GSIS response of contedlls, pre-mir and anti-mir
transfections were performed a number of timesdaesxe consistent GSIS
response in the control untreated and negativera@otam-neg and pm-neg)
cells, to allow effect of over-expression and kromkn of target miRNA on
GSIS response to be assessed.

Knockdown of mir-410 in GSIS-competent cells usingfi-mir-410 led to a
significantly reduced GSIS response in these adlspared to untreated and
negative control cells (figure 3.1.5). Over-expressof mir-410 in GSIS-
competent cells using pre-mir-410 led to a sigaific increase in GSIS
responsiveness (figure 3.1.6).

Knockdown of mir-200a in GSIS-competent cells usamgi-mir-200a led to a
significant decrease in GSIS response (figure 3. N6 consistent effect was
seen on GSIS for over-expression of mir-200a.
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Knockdown of mir-130a in GSIS-competent cells usamgi-mir-130a led to a
significant decrease in GSIS (figure 3.1.8). Nandigant difference was seen in
GSIS-competent cells treated with pm-130a for asgaression of mir-130a.

No significant changes were seen in GSIS respansells treated with pre-mirs
and anti-mirs for mir-376a, mir-369-5p, mir-27a,rshR4a, mir-337, mir-532,
mir-320, mir-192 and mir-379.

MiRNAs identified in this study as exhibiting fummtal effects on GSIS could
potentially represent therapeutic targets for malafipon to maintain/restore
GSIS in insulin-producing cells. However, the metha by which these
miRNAs are involved in insulin secretion still remsito be elucidated.

Study of miRNAs involved in GSIS in MING6 cells wasiblished as: Hennessy
E., Clynes M., Jeppesen P.B. and O’Driscoll L. 20M&ntification of
microRNAs with a role in glucose stimulated insusiacretion by expression
profiling of MING cells. BBRC 396(2):457-62 (apperdE).

The MING cell line as a model for studying GSIS ¢anundependable due to
considerable day to day variations in GSIS resptweseeen control cells. This
varying GSIS response of control cells makes itialift to decipher effect of
treatment on GSIS i.e. the assay, while being #w available is not robust or
routinely dependable.

During the course of this study, somatic cell rgpaonming and induced
pluripotent stem cell generation was beginning éovidely reported in the
literature, following the landmark paper by Yamaaadt al in 2006 (Takahashi
and Yamanaka 2006; Takahashi, Tanabe et al. 200%3. new technology
represented a route to developing human pancrieeticcellsn vitro from iPS
cells for the study of GSIS.
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Anti-Mir knockdown

Pre-Mir over-expression

MicroRNA

of mMIRNA of mMIRNA
mir-376a No effect No effect
mir-369-5p Reduced GSIS minimally No effect
mir-130a Reduced GSIS * Reduced GSIS minimally
mir-27a No effect No effect
mir-410 Reduced GSIS * Improved GSIS *
mir-124a No effect No effect
mir-200a Reduced GSIS * No effect
mir-337 No effect No effect
mir-532 No effect No effect
mir-320 No effect Reduced GSIS minimally
mir-192 No effect Reduced GSIS minimally
mir-379 No effect Reduced GSIS minimally

Table 5.1 Functional validation of miRNA targets in MIN6 t®l(* denotes statistical

significance).
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5.3 Attempt to generate iPS cells and differentiatin of an established iPS cell line

towards pancreatic phenotypes

5.3.1 Attempt to generate iPS cells

* Four retro-viruses were generated to over-expregs eox2, c-myc and kif4 in
transduced target cells. Optimised transductionditimms were identified to
achieve up to 80% transduction efficiency afterho2rs, measured using GFP
(figure 3.2.3)

* Attempts were made to generate iPS cells from abeurof different cell types

o MiaPaCa2 pancreatic adenocarcinoma cell line
o Normal human epidermal keratinocytes
o Limbal epithelial cells

» Virus-treated MiaPaCa2 cells displayed morpholdgateanges, cell colonies
with a tightly packed dense core but uneven coledges were seen (figure
3.2.7). PCR analysis of these colonies indicatedl threy expressed oct4, c-myc
and klIf4, but at similar levels to parental unteeaiMiaPaCa2 cells. Very low
SOX2 expression was seen in one virus treated clomsever, this low sox2
expression was evidently not sufficient to drivedl fteprogramming (figure
3.2.8).

e Virus-treated keratinocytes also displayed morpgickl changes, but similar
morphology changes were also seen for control ikeraftes not treated with
virus; therefore, the morphology changes observedevprobably a result of
growth on MEF feeder layer rather than viral trardn (figure 3.2.10). Virus
treated and control keratinocytes did not proliferance transferred to MEF
feeder layer culture, therefore, PCR analysis cooldbe performed to check if
they expressed the four factors (oct4, sox2, c-amgtklf4).

« Morphological changes were also seen in viruskdimbal epithelial cells.
Virus-treated cultures displayed cell processesaatidclusters, while untreated
cultures displayed typical cuboidal morphology (fig 3.2.12). Unfortunately,
virus-treated cells did not proliferate furtheretéfore oct4, sox2, c-myc and
klf4 expression could not be examined.
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5.3.2 Attempts to generate iPS cells using conditied media

Attempts were also made to reprogram limbal epdheklls using conditioned
media from the murine embryonic stem cell line E§B8lasubramanian, Babai
et al. 2009). Cells were firstly treated with ehed media for 7 days (stage 1),
followed by treatment with ESD3 conditioned mediz5D3 CM) for 14 days
(stage 2).

Cell morphology changes were seen in ESD3 condittomedia treated cells;
cell clusters formed initially, but did not proliige much further, while a
fibroblast-like cell type proliferated rapidly uhtconfluence (figure 3.2.16).
Control cells maintained in enriched media (extehskage 1) displayed similar
morphology to untreated limbal epithelial cellg(fie 3.2.16).

PCR analysis showed that parental cells expressexyce oct4 and klif4,
expression of these factors was maintained in obrtnd ESD3 CM treated
cells, however, treatment did not induce expressiahe stem cell marker sox2
(figure 3.2.17).

ESD3 CM treated cells lack expression of the déffieiation markers CK-3 and
CK-12 and have high expression of the stem ceti@ated marker N-cadherin.
These cells lack expression of stem cell marker€&B and nanog, indicating
that these cells are not fully reprogrammed (fig@r2.18). These cells may

represent a semi-reprogrammed state.

5.3.3 Differentiation of an established iPS celldie towards pancreatic phenotypes

During the course of this study iPS cell lines meeacommercially available
from the George Daley lab, Children’s Hospital, 8os The hFib-iPS2 cell line
was purchased for pancreatic differentiation expents, as we had not
achieved fully reprogrammed iPS cells from our @attempts.

Directed differentiation was performed in 2D and 8Dltures. 2D cultures
consisted of cells grown on top of a thin matrilggter, while in 3D culture cell
clusters were suspended within a thick matrigdiégain layer. Differentiation
growth factor cocktail was used as described byglia et al., (Jiang, Au et al.
2007).
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iIPS cells differentiated in 3D culture showed im@o efficiency for definitive
endoderm formation compared to 2D culture, basedxpmession of definitive
endoderm markers cxcr4, foxa2 and hnféigure 3.2.21). This work was
presented at ‘Stem Cells in Development and Dis2@&é&’ in Berlin, Germany
(see poster appendix E).

Further differentiation of 2D cultures towards paatic endoderm and
pancreatic endocrine cells failed, as cell diedaftér the definitive endoderm
stage.

Untreated iPS cells expressed mature pancreati&kensar somatostatin and
amylase, indicating that iPS cells may have unde¥gesome spontaneous
differentiation before initiation of differentiatioexperiment.

3D control cells maintained in iIMEF conditioned rizedt 36 days displayed
induced expression of insulin, ghrelin and glut@gufe 3.2.26). Therefore the
use of 3D culture, or growth factors present inrnarigel may be responsible
for induction of mature pancreatic markers in thesetrol cells. Similar results
were observed in the repeat experiment (figure29)2 while somatostatin and
amylase were present in untreated iPS cells, gheadpression was induced in
3D control cultures in IMEF conditioned media.

The differentiation protocol used in this studynfrdiang J. et alJiang, Au et
al. 2007), is a 36 day procedure, the long durabibthis procedure allows for
increased variability between replicate experimeriisfferent batches of
matrigel used for replicate experiments may alsad €0 subtle differences

between repeat experiments.
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5.3.4 Transdifferentiation of limbal stromal cellsto pancreatic phenotypes

e Limbal stromal cells isolated from donor corneaeszl ring possess
differentiation properties similar to mesenchymais cells (Dravida, Pal et al.
2005; Polisetty, Fatima et al. 2008).

* Embryoid bodies were initially formed with thesmbal stromal cells followed
by subsequent differentiation to definitive endeden 3D, 2D and monolayer
cultures. 3D cultures involved embedding stromabemid bodies in a thick
matrigel/collagen gel, for 2D cultures embryoid lesdwere cultured on top of a
thin matrigel layer, while in monolayer cultures layoid bodies were
disaggregated using trypsin and single cell suspengas cultured on standard
tissue culture plastic.

» Stromal embryoid body cells in 2D culture showedirsreased propensity to
differentiate towards definitive endoderm compated 3D and monolayer
cultures, based on expression of definitive endoderarker- cxcr4 (figure
3.2.32). Further differentiation towards pancreatimdoderm did not induce
expression of pancreatic endoderm markers.

* High cxcr4 expression was also observed in 3D ocbrtgells in IMEF CM.
Cultures were maintained in these conditions fordd@s and levels of mature
pancreatic markers assessed. Mature pancreaticiexooarker — amylase was
detected in 3D cultures maintained in IMEF CM aanstard stromal media
(DMEM, 10% FCS), indicating that it was the usetloé 3D culture system
rather than CM which induced expression of thiskearHowever, repeats of
this experiment showed slightly different resultanylase expression was
present in untreated stromal cells as well as 3i@s, but increased amylase
was observed in hanging drop generated embryoigebod

e All limbal stromal cell experiments conducted insttstudy were performed
using limbal stromal cells from a single donor.fBi€énces may exist between
tissue from different donors. Using tissue fromaage of donors may give a
more accurate determination of pancreatic diffea¢ion efficiency using this

directed differentiation protocol.
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5.4 Biomarker discovery in diabetes serum specimens

All'in all the results were disappointing in thaatls from profiling of small numbers of
patients did not, in general, validate using spe@ésays for the candidate markers in

larger patient numbers.

5.4.1 Analysis of serum for miRNA biomarkers

* Levels of GSIS-related miRNAs (table 3.1.2) weraraied in T1DM old and
control old serum specimens

0 Mir-124a, mir-130a, mir-9, mir-532, mir-192 and m3Ir9 were
differentially expressed (n=3)

o The study was expanded to n=5 (n=15 for mir-12hajyever miRNA
expression trends were not consistent

e TLDA miRNA profiling of T1DM old and control old @3) identified 7
differentially expressed miRNAs

0 mir-140, mir-21, mir-24, mir-29a, mir-29¢, mir-3@ad mir-345

o TLDA miRNA targets validated in 6 T1DM and contsamples

o miRNA expression trends were not consistent

* Levels of GSIS related miRNAs were examined in T2Bx\ control samples

o No statistically significant changes were seenhiesé miRNA levels in
T2DM and control samples (n=6)

o Although mir-369-5p levels did not reach statidtgignificant (p< 0.05),
it did show a consistent trend in expression leuel$2DM and control
serum.

0 Mir-369-5p was down-regulated approximately 2.1dfah 6 T2DM
serum specimens relative to matched controls; in $pecimens mir-
369-5p was down-regulated to the extent that it wasetectable by real-
time PCR. This down-regulation of mir-369-5p in T™Dserum
specimens could potentially reflect beta cell dgsfion in these

patients.
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5.4.2 Analysis of serum for proteomic biomarkers

* Proteomic profiling was performed on newly diagribsgoe 1 diabetes (T1DM
new) and established type 1 diabetes (T1DM old)e/Bill/gender matched
controls were also included in the analysis comiel samples matched to the
T1DM new group and control old samples matched¢oTt1DM old group.

* Principal component analysis (PCA) plots showedrcldistinctions between
control and disease groups (figure 3.3.17, 3.3mB3A3.19).

» Data analysis was performed in triplicate usingfgei@nt reference sample for
each repeat. Only proteins which were common tthedle lists were reported in
the results section (table 3.3.6, 3.3.7 and 3.3®@)improve confidence in
identification of differentially expressed proteinsthe respective studies.

» Targets for follow-up validation were chosen basadheir potential interest in
multiple comparisons, i.e. TADM new versus contmeiv, TIDM old versus
control old, or TLDM new versus T1DM old.

* Vitronectin, clusterin, vitamin K-dependent proteshand apolipoprotein L1
were selected for follow-up validation using ELIS#smeasure levels of these
proteins in serum samples.

e Follow-up validation was performed on the same BNMlnew and control new
samples, while in addition to the 8 T1DM old anchtrol old samples used in
the initial profiling experiment, a further 22 T1DMd and control old samples
were analysed.

» Vitronectin levels were up-regulated in TLDM newstes control new, T1DM
old versus control old, and T1DM new versus T1DM cbmparisons according
to label-free LC-MS experiment. However, ELISA waiion showed a
significant down-regulation of vitronectin in T1DMId versus control old
comparison, but no significant change in expreskuoals was seen in the other
comparisons (table 3.3.10).

e Clusterin levels were up-regulated in TIDM new usrsontrol new and T1DM
new versus T1DM old comparisons, according to lsel LC-MS experiment.
However, ELISA showed no significant change in ®us levels in any

comparison analysed (table 3.3.10).
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* Vitamin K-dependent protein S levels were up-retpdan T1DM new versus
control new and T1DM new versus T1DM old comparjsaomd down-regulated
in the T1DM old versus control old comparison adaag to label-free LC-MS
experiment. However, according to the ELISA datdgamin K-dependent
protein S levels were significantly down-regulated 1DM new versus control
new comparison, while no significant change wasseeother comparisons
analysed. In this instance, ELISA shows directlypagite result to label-free
LC-MS data.

* Apolipoprotein L1 was down-regulated in T1DM old rses control old
comparison and up-regulated in TILDM new versus T1dddM Expression levels
of this protein could not be validated using ELIS} e to technical issues with

the assay.

5.4.3 Analysis of serum for metabolite biomarkers

* Metabolomic analysis was performed on 8 T1DM new aontrol new serum
specimens by Metabolon, a commercial metabolonutliprg company.

* 23 metabolites were differentially expressed betwtee T1DM new and control
new serum specimens (table 3.3.14). 18 of whiclewlewn-regulated in TI1DM
new serum relative to controls. The remaining Sainelites were up-regulated
in TLDM new serum.

e The most consistently altered metabolic pathwaythese samples was the
caffeine metabolism, with 5 caffeine metabolitesngesignificantly down-
regulated in TLDM new serum.

» Control new samples used in this study were frondioa interns. Therefore
reduced levels of caffeine metabolites in the T1D&Ww versus control new
comparison most likely reflects a higher intakecaffeine by the medical intern
controls.

» Other pathways significantly altered in TIDM newdatontrol new samples
were carbohydrate and lipid metabolism. 1,5-AG avkm marker of glycemic
control was significantly down-regulated in TLDMwsamples, in conjunction
with significantly raised glucose levels in thesgignts.

» Lipid metabolites were reduced in TLDM new versoistml new samples.
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Control new samples used in this study displayeyh luholesterol and LDL-
cholesterol (table 3.3.11), above the Irish Heasur€lation recommended
healthy guidelines (table 4.3.2). Therefore it ikmown if changes in lipid
metabolites are reflective of TILDM or due to thghhicholesterol in control
samples.

Fibrinopeptide A (FPA) was identified as 2.7 folacieased in T1DM new
samples compared to control.

Follow-up validation of FPA was performed on thd BDM new and control
samples used for the profiling experiment, in additto 30 T1DM old and
control samples.

Similar levels of FPA were detected in TILDM newDM old and control old
samples. While FPA levels were significantly deseghin control new samples
(figure 3.3.40).

This study highlighted the importance of using adggly matched control
samples for biomarker discovery experiments. Slataiontrols allow the
identification of biomarkers related to diseasenutgpe, rather than an effect of

the control samples.
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6.0 Future Work
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6.1 MicroRNAs involved in glucose stimulated insuli secretion

If a more consistent GSIS responsive pancreata et line became available,
stable knockdown and over-expression of mir-410 resgion could be
performed using shRNA technology, to investigatefiéct of mir-410 on GSIS
could be maintained in long term culture. Follow®d proteomic analysis of
shRNA-treated cells to identify proteins which aesponsible for the effector
functions of mir-410.

Over-expression of mir-410 in mouse models with aimgd insulin secretion.
Conditional over-expression of mir-410 by insertmg-410 sequence under the
control of beta cell specific promoter, therebyowaiing over-expression
specifically in pancreatic beta cells. Effects of-AiL0 on insulin secretion could
be monitored by testing blood insulin and glucesels.

Expression patterns of mir-410, mir-200a and mi@dl8ould be examined in
isolated human islets to determine if these miRMNAg also play a role in
human beta cells. Purified beta cells could beateal using laser-capture micro
dissection and miRNA levels could be manipulatedngispre/anti-mir
technology, to check if these miRNAs play a funasibrole in GSIS in humans.
If miRNAs were found to enhance GSIS of human hetls, they could be
manipulated in islet cultures and transplanted mioe to determine if these
mMIiRNA manipulations led to improved control of btbglucose levels, achieved
longer period of insulin independence and extengiedt survival following
transplantation.

Determine if mir-200a and mir-130a effect on GS$Smediated by Txnip.
Functional validation of mir-200a and mir-130a region of Txnip by cloning
3'UTR of Txnip into a mammalian expression vectontaining the luciferase
reporter gene. If Txnip is regulated by mir-200a amir-130a, manipulation of
these miRNAs will lead to altered levels of lucdse, measured with a

luminometer.
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6.2 Attempt to generate iPS cells and differentiatin of an established iPS cell line

towards pancreatic phenotypes

* Generation of iPS cells using new mRNA transiemingfection technique,
which promises improved reprogramming efficiencyl am a shorter duration
(Warren, Manos et al. 2010).

e Initial cell types for reprogramming could be sédek from tissues of
endodermal lineage, as recent evidence shows ¢pabgramming cells retain
epigenetic memory, and differentiate more effidignowards cell types of a
related lineage to the starting cell populationr{(Rar, Russ et al. 2011).

» Screening of a number of different iPS cells line pancreatic differentiation
potential, as iPS and ES cell lines are knownHervariability of differentiation
potential between cell lines.

» iPS cell differentiation shows successful defirgtigndoderm formation in 3D
culture, if definitive endoderm marker expressiralsc (cxcr4, foxa2, hnfd)
were sorted using FACS, this sub-population mafecehtiate further towards
pancreatic endoderm and pancreatic endocrine oatise efficiently than when
in a mixed population with undifferentiated cells.

* MicroRNAs have recently been show to have the pi@teto reprogram somatic
cells to iPS cells (Lin, Chang et al. 2008; Anolanso, Trivedi et al. 2011;
Miyoshi, Ishii et al. 2011), therefore miRNAs inved in functions of mature
pancreatic beta cells, such as those identifiedable 3.1.2 may have the
potential to direct re-differentiation towards pesatic phenotypes.

* ES cell conditioned media has the ability to repaog cells to an iPS phenotype
(Balasubramanian, Babai et al. 2009), thereforeditimned media from islet
cell preparations may have potential to directeddhtiation towards islet cell
phenotypes.
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6.3 Biomarker discovery in diabetes serum specimens

6.3.1 miRNA biomarkers

e Mir-369-5p showed a consistent trend in this studyT2DM serum. Larger
cohorts of patients should be examined to deterrfirtbe expression trend
remains consistent.

e To determine if mir-369-5p plays a role in the mafbnesis of T2DM, levels of
this miRNA could be determined in muscle, liver adipose tissue of T2DM
and control patients to assess if this miRNA playsle in insulin resistance. If
mir-369-5p was suspected of being directly involirethsulin resistance, mouse
models of insulin resistance could also be usedrfanipulation of mir-369-5p

for elucidation of biological function.
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6.3.2 Proteomic biomarkers

Vitronectin levels in TIDM old versus control comigan, and vitamin K-
dependent protein S in TLDM new versus control nemparison were the only
targets which achieved statistical significance mvhalidated using ELISA.
Levels of these proteins should be assessed imgarlaohort of patients to
determine if the expression trend of these proteimsaintained.

Additionally, a large number of proteins identifit®dm the label-free LC-MS
remain to be validated in larger cohorts of paietd evaluate their potential use
as biomarkers.

Serum samples could be collected periodically, figamients with T1DM and
T2DM from date of diagnosis. Once secondary compibnis of diabetes occur,
large scale profiling of miRNA, mRNA and protein pggssion could be
performed to identify miRNA, mRNA and proteins @éiféntially expressed in
association with the secondary complications. Saofpets could then be tested
in pre-secondary complications serum specimenseterghine if these targets
could be used as early biomarkers for predictioni@felopment of secondary

complications.

6.3.3 Metabolite biomarkers

23 metabolites were identified as differentiallypessed in TIDM new

compared to control new serum samples. Considehag caffeine and lipid

metabolite changes are likely to be related to robrsamples used. Therefore
there are 10 remaining metabolites which coulde®sgnt potential biomarkers
for TLDM.

Validation of these 10 metabolites could be perfminin a larger cohort of

patient, with adequately matched control samples.
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Appendix A

MIRNA functional analysis — Raw Data



1.1 Functional Validation Mir-410
Functional validation of TLDA targets (table 3.223s performed to investigate if
manipulation of expression of these miRNAs in Mid@ls led to a phenotypic effect

on GSIS on the cells.

(a) Knockdown of mir-410
Figure 1 shows the GSIS assay following knockdoimio-410 levels in MING cells.
This experiment shows instability of the 3.3mM glse baseline in control samples,

therefore no conclusions can be drawn from thisargent.
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Figure 1. Knockdown of mir-410 levels in MING6 cells (error risaindicate standard
error of technical replicates).

Mir-410 knockdown, figure 2 was not taken as a&spntative of the effect of mir-410
on GSIS. Although am-410 showed knockdown of GSé&mared to controls, the
3.3mM baseline was very low compared to controts:-410 showed slightly improved
GSIS compared to pm-negative, however untreatetd sklowed very high GSIS

compared to pm-negative control.
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Figure 2. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

Following analysis of bulk assays (figure 1 andufey 2) it was observed that
performing assays in bulk led to a decrease in G#I&8ll sample transfected cells as
well as control cells, compared to the GSIS ofscall the previous passage where a
single GSIS assay was performed. Therefore lipafeicte only and kinesin siRNA
controls were not used in subsequent experimends iattempt to reduce to length of

assay setup and maintain high GSIS levels of MI&IB curing transfection assays.

Knockdown of mir-410 (figure 3) shows a reductidrGs1S compared to untreated and

am-negative treated cells.
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Figure 3. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).



Knockdown of mir-410 (figure 4) shows slightly ieased GSIS compared to control
cells. This is the opposite effect as expectedmas410 expression was reduced in
glucose non-responsive cells therefore knockdowmio#10 levels would be expected
to reduce GSIS.
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Figure 4. Knockdown of mir-410 levels in MING6 cells (error risaindicate standard
error of technical replicates).

Knockdown of mir-410 (figure 5) shows stable lardecrease in GSIS of am-neg
control transfected cells, however, in relationutttreated and gapdh siRNA treated
cells, am-410 treated cells show a slight knockdoWaSIS.
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Figure 5. Knockdown of mir-410 levels in MING6 cells (error risaindicate standard
error of technical replicates).



Knockdown of mir-410 (figure 6) shows a reductidrGs1S compared to untreated and

am-negative treated cells.
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Figure 6. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

Knockdown of mir-410 (figure 7) shows a reductidrGs1S compared to untreated and

am-negative treated cells.
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Figure 7. Knockdown of mir-410 levels in MING6 cells (error risaindicate standard
error of technical replicates).



Knockdown of mir-410 assay (figure 8) shows largrdase in GSIS of am-neg

control and am-410 treated cells compared to uiedecells.
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Figure 8. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

Knockdown of mir-410 (figure 9) assay also show®ig difference in GSIS fold

change between control samples.
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Figure 9. Knockdown of mir-410 levels in MING cells (error fisaindicate standard
error of technical replicates).
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Knockdown of mir-410 (figure 10) shows a reductmnGSIS for am-410 transfected

cells compared to untreated and am-neg treatesl cell
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Figure 10. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

Knockdown of mir-410 (figure 11) shows a reductmnGSIS for am-410 transfected

cells compared to untreated and am-neg treatesl cell
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Figure 11. Knockdown of mir-410 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

VIl



(b) Over-expression of mir-410

Over-expression of mir-410 assay (figure 12) showade differences in GSIS of

control cells.
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Figure 12. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).

Over-expression of mir-410 (figure 13) showed iased GSIS compared to untreated

and pm-neg treated cells.
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Figure 13. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).
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Over-expression of mir-410 (figure 14) showed narge in GSIS compared to

untreated and control transfected cells.
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Figure 14. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).

Over-expression of mir-410 (figure 15) showed nange in GSIS compared to

untreated and control transfected cells.
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Figure 15. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).



Over-expression of mir-410 (figure 16) showed iased GSIS compared to untreated

and pm-neg transfected cells.
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Figure 16. Over-expression of mir-410 levels in MING cells r@r bars indicate
standard error of technical replicates).

Over-expression of mir-410 (figure 17) showed @ased GSIS compared to untreated

and pm-neg transfected cells.
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Figure 17. Over-expression of mir-410 levels in MIN6 cells r@r bars indicate
standard error of technical replicates).



Over-expression of mir-410 assay (figure 18) sholaege differences in the GSIS fold
change of control cells.
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Figure 18. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).

Over-expression of mir-410 (figure 19) showed iased GSIS compared to untreated

and pm-neg transfected cells.
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Figure 19. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).
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Over-expression of mir-410 (figure 20) showed narge in GSIS compared to

untreated and pm-neg transfected cells.
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Figure 20. Over-expression of mir-410 levels in MIN6 cellsrrpr bars indicate
standard error of technical replicates).

Over-expression of mir-410 (figure 21) showed iased GSIS compared to untreated

and pm-neg transfected cells.
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Figure 21. Over-expression of mir-410 levels in MING6 cells r@r bars indicate
standard error of technical replicates).
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1.2 Functional Validation of mir-200a

Mir-200a expression was reduced in non-GSIS MINB ¢table 3.2.2), therefore
knockdown of this target with mir-410 inhibitors svexpected to reduce GSIS function
of MING cells, while mir-410 over-expression wagegted to improve GSIS function.

(a) Knockdown of mir-200a

Knockdown of mir-200a (figure 22) shows reduced &&llative to control cells.
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Figure 22. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-200a (figure 23) shows reduced &8bmpared to untreated and

am-neg transfected cells.
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Figure 23. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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Mir-200a knockdown assay (figure 24) shows largéeddnce in GSIS response of

control cells.
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Figure 24. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Mir-200a knockdown (figure 25) shows reduced G&ative to untreated and am-neg

transfected cells.
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Figure 25. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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Mir-200a knockdown (figure 26) shows reduced GXdfative at untreated and am-neg

transfected cells.
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Figure 26. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-200a (figure 27) shows reduced &&lative to untreated and am-

neg transfected cells.
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Figure 27. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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Knockdown of mir-200a assay (figure 28) large diéfeces in GSIS of controls are
observed, making it difficult to draw any conclusicegarding an effect of mir-200a

knockdown.
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Figure 28. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-200a assay (figure 29), GSIS haghin the large GSIS range of

controls therefore cannot draw any conclusions ftioisiexperiment.
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Figure 29. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).

XVI



Knockdown of mir-200a (figure 30) shows reduced &8&lative to untreated and am-

neg transfected cells.
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Figure 30. Knockdown of mir-200a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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(b) Over-expression of mir-200a

GAPDH siRNA treated cells show a high GSIS fold rda in figure 31. However,
relative to untreated and pm-neg transfected calsr-expression of mir-200a showed

no change in GSIS.
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Figure 31. Over-expression of mir-200a in MING6 cells (errordandicate standard
error of technical replicates).

Over-expression of mir-200a (figure 32) showed ceduGSIS relative to control cells.
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Figure 32. Over-expression of mir-200a in MING6 cells (errordandicate standard
error of technical replicates).
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Over-expression of mir-200a (figure 33) showed eased GSIS relative to untreated

and pm-neg transfected cells.
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Figure 33. Over-expression of mir-200a in MING6 cells (errordandicate standard
error of technical replicates).
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1.3 Functional Validation of mir-130a

Mir-130a expression was manipulated using pre-aartdmir miRNA mimics and
inhibitors to increase and decrease mir-130a egfmesespectively. GSIS of
transfected cells was examined to determine if mdation of mir-130a effected GSIS

phenotype.

(a) Knockdown of mir-130a

Knockdown of mir-130a (figure 34) reduced GSIS tie&to control cells.
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Figure 34. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-130a (figure 35) reduced GSIS tieato control cells.
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Figure 35. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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Knockdown of mir-130a (figure 36) reduced GSIS tieato untreated and am-neg

tranfected cells.
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Figure 36. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-130a (figure 37) reduced GSIS tie&ato control cells.
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Figure 37. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).

XXI



Large differences are observed between GSIS ofraooells (figure 38) making it

difficult to draw conclusions regarding the effetimir-130a knockdown.
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Figure 38. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Large differences are observed between the GSt®rdfol cells (figure 39) making it

difficult to draw conclusions regarding the effetimir-130a knockdown.
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Figure 39. Knockdown of mir-130a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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(b) Over-expression of mir-130a

Over-expression of mir-130a (figure 40) showed fiect on GSIS relative to controls.
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Figure 40. Over-expression of mir-130a in MING cells (errordandicated standard
error of technical replicates).

Over-expression of mir-130a (figure 41) showed oeduGSIS relative to controls.
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Figure 41. Over-expression of mir-130a in MING cells (errordandicated standard
error of technical replicates).
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Over-expression of mir-130a (figure 42) showed oeduGSIS relative to untreated and

pm-neg transfected cells.
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Figure 42. Over-expression of mir-130a in MING cells (errordandicated standard
error of technical replicates).

Over-expression of mir-130a (figure 43) showed fiect on GSIS relative to controls.
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Figure 43. Over-expression of mir-130a in MING cells (errordandicated standard
error of technical replicates).
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Over-expression of mir-130a (figure 44) showed oeduGSIS relative to untreated and

pm-neg transfected cells.
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Figure 44. Over-expression of mir-130a in MING cells (errordandicated standard
error of technical replicates).
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1.4 Functional Validation of mir-376a

Functional validation of mir-376a was carried auMING cells to determine if

manipulation of this miRNA led to changes in thel&$henotype of these cells.

(a) Knockdown of mir-376a

Knockdown of mir-376a (figure 45) showed reduced®i®lative to control cells.
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Figure 45. Knockdown of mir-376a levels in MIN6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-376a (figure 46) showed reduced$i®lative to control cells.
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Figure 46. Knockdown of mir-376a levels in MIN6 cells (erroans indicate standard
error of technical replicates).
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Large differences in GSIS of control cells was obsé (figure 47), making it difficult

to draw conclusions on the effect of mir-376a kromkn.
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Figure 47. Knockdown of mir-376a levels in MIN6 cells (erroans indicate standard
error of technical replicates).

No effects on GSIS were observed for mir-376a kdoekn (figure 48).
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Figure 48. Knockdown of mir-376a levels in MIN6 cells (erroans indicate standard
error of technical replicates).
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No effects on GSIS were observed for mir-376a kdoekn (figure 49).
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Figure 49. Knockdown of mir-376a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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(b) Over-expression of mir-376a

Over-expression of mir-376a (figure 50) showed oeduGSIS relative to control cells.
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Figure 50. Over-expression of mir-376a in MING6 cells (errordandicate standard
error of technical replicates).

Large differences in GSIS were observed betweereatetd and am-neg transfected

cells (figure 51), therefore no conclusions cowddoawn from this experiment.
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Figure 51. Over-expression of mir-376a in MING6 cells (errordandicate standard
error of technical replicates).
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Over-expression of mir-376a (figure 52) showed ioved GSIS relative to untreated

and pm-neg transfected cells.
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Figure 52. Over-expression of mir-376a in MING6 cells (errordandicate standard
error of technical replicates).

Over-expression of mir-376a (figure 53) showed eased GSIS relative to control

cells).
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Figure 53. Over-expression of mir-376a in MING6 cells (errordandicate standard
error of technical replicates).
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Over-expression of mir-376a (figure 54) showed eased GSIS relative to untreated

and pm-neg transfected cells.
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Figure 54. Over-expression of mir-376a in MING6 cells (errordandicate standard
error of technical replicates).
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1.5 Functional Validation of mir-369-5p

Mir-369-5p expression was manipulated to deterrfitiégs miRNA could affect the
GSIS function of MING cells.

(a) Large-scale assays for over-expression and krkaiown of mir-369-5p

expression

Large fluctuations were observed in baseline imsgécretion in response to 3.3mM
glucose of control cells (figure 55), therefore canclusions could be drawn on the

effects of mir-369-5p over-expression and knockdown
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Figure 55. Over-expression and knockdown of mir-369-5p lewelMING cells (error
bars indicate standard error of technical replgate
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No effect on GSIS is observed for knockdown or emgoression of mir-369-5p relative

to control cells (figure 56).
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Figure 56. Over-expression and knockdown of mir-369-5p lewelMING cells (error
bars indicate standard error of technical replgate

(b) Knockdown of mir-369-5p

Large differences observed in baseline insulinetemr in response to 3.3mM glucose
on control cells (figure 57), therefore cannot dramy conclusions on effects of mir-
369-5p knockdown.
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Figure 57. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).
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No change in GSIS observed for knockdown of mir-8f9evels (figure 58) relative to

control cells.
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Figure 58. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).

Large differences in baseline insulin secretiomesponse to 3.3mM glucose observed
for control cells (figure 59) therefore cannot dramy conclusions on effects on mir-
369-5p knockdown.
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Figure 59. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).
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Knockdown of mir-369-5p (figure 60) shows decrea&®IS and a large increase in

basal insulin secretion relative to untreated anehag transfected cells

2 2500
3 0.7 fold 0.9 fold T 0.6 fold
S 2000 - L
€
= = 1500

oy
ST
= 0
O =
g 5 1000
)
< 500
E
2 0

untreated am-neg am369-5p
Treatments

0 3.3mM glucose ®m 16.7mM glucose

Figure 60. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).

Knockdown of mir-369-5p (figure 61) shows decrea&SIS relative to untreated and

am-neg transfected cells.
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Figure 61. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).
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Knockdown of mir-369-5p (figure 62) shows decrea&slIS relative to untreated and

am-neg transfected cells.
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Figure 62. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).

Knockdown of mir-369-5p (figure 63) shows no effeatGSIS relative to control cells.
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Figure 63. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).
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Knockdown of mir-369-5p (figure 64) shows decreaS&IS relative to control cells.
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Figure 64. Knockdown of mir-369-5p levels in MIN6 cells (errdrars indicated
standard error of technical replicates).

(c) Over-expression of mir-369-5p

Over-expression of mir-369-5p (figure 65) showecdeffect on GSIS relative to control

cells.
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Figure 65. Over-expression of mir-369-5p in MIN6 cells (ertmars indicate standard
error of technical replicates).

Large differences in baseline insulin secretionresponse to 3.3mM glucose were

observed for control cells (figure 66) therefor@mat draw any conclusions on effects

on mir-369-5p over-expression.
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Figure 66. Over-expression of mir-369-5p in MIN6 cells (ertmars indicate standard
error of technical replicates).

Over-expression of mir-369-5p (figure 67) showséased GSIS relative to untreated

and pm-neg transfected cells).
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Figure 67. Over-expression of mir-369-5p in MIN6 cells (ertmars indicate standard
error of technical replicates).
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Over-expression of mir-369-5p (figure 68) showsefilect on GSIS relative to control

cells.
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Figure 68. Over-expression of mir-369-5p in MIN6 cells (ertmars indicate standard
error of technical replicates).

Over-expression of mir-369-5p (figure 69) shows eftect on GSIS fold change,
however a large is observed in basal insulin secredt 3.3mM glucose, relative to

untreated and pm-neg transfected cells.
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Figure 69. Over-expression of mir-369-5p in MIN6 cells (ertmars indicate standard
error of technical replicates).
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1.6 Functional Validation of mir-27a

Over-expression and knockdown experiments wer@pagd on MING cells with
MiRNA targets identified from TLDA analysis (tat8€l.2), to determine if
manipulation of these miRNAs led to changes in G8i8notype of the cells.

(a) Large-scale assays for over-expression and kri@own of mir-27a

Large fluctuations were observed in baseline imsgécretion in response to 3.3mM
glucose of control cells (figure 70) therefore mmnclusions could be drawn on the

effects of mir-27a over-expression and knockdown.
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Figure 70. Knockdown of mir-27a levels in MING6 cells (errorrbandicate standard
error of technical replicates).
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No effect on GSIS was observed for mir-27a overresgion or knockdown relative to

control cells (figure 71).
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Figure 71. Knockdown of mir-27a levels in MING6 cells (errorrbandicate standard
error of technical replicates).

(b) Knockdown of mir-27a

No effect on GSIS was observed for knockdown of-27ia relative to control cells
(figure 72)
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Figure 72. Knockdown of mir-27a levels in MING6 cells (errorrbandicate standard
error of technical replicates).
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Knockdown of mir-27a (figure 73) showed a reduciioG SIS relative to control cells.
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Figure 73. Knockdown of mir-27a levels in MING cells (errorrbandicate standard
error of technical replicates).

No effect on GSIS is observed for mir-27a knockdaelative to untreated and am-neg

transfected cells (figure 74).
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Figure 74. Knockdown of mir-27a levels in MING6 cells (errorrbandicate standard
error of technical replicates).
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(c) Over-expression of mir-27a

No effect on GSIS was observed for mir-27a overesgon relative to control cells
(figure 75).
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Figure 75. Over-expression of mir-27a in MING6 cells (error ardicate standard error
of technical replicates).

No effect on GSIS was observed for mir-27a overesgion relative to control cells

(figure 76).
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Figure 76. Over-expression of mir-27a in MING6 cells (error ardicate standard error
of technical replicates).
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Over-expression of mir-27a (figure 77) showed aese in GSIS relative to untreated

and pm-neg transfected cells.
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Figure 77.0ver-expression of mir-27a in MING6 cells (error ardicate standard error
of technical replicates).

Over-expression of mir-27a (figure 78) showed ae@se in GSIS relative to untreated

and pm-neg transfected cells.
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Figure 78.Over-expression of mir-27a in MING6 cells (error ardicate standard error
of technical replicates).
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1.7 Functional Validation of mir-124a

Mir-124a expression was increased and decreased msRNA inhibitors and mimics
to determine if manipulation of this miRNA couldexdt the GSIS phenotype of MING

cells.

(a) Knockdown of mir-124a

Knockdown of mir-124a (figure 79) showed a decreasgSIS relative to control cells.
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Figure 79. Knockdown of mir-124a levels in MIN6 cells (erroans indicate standard
error of technical replicates).
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Knockdown of mir-124a (figure 80) showed an incee@s GSIS relative to control

cells.
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Figure 80. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).

No effect on GSIS of am-124a transfected cells alaserved relative to control cells

(figure 81).
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Figure 81. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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No effect on GSIS of am-124a transfected cells alaserved relative to control cells
(figure 82).
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Figure 82. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Large differences in baseline insulin secretionresponse to 3.3mM glucose were
observed for control cells (figure 83) therefor@mat draw any conclusions on effects

on mir-124a knockdown.
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Figure 83. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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No effect on GSIS of am-124a transfected cells alaserved relative to control cells
(figure 84).
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Figure 84. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).

Knockdown of mir-124a (figure 85) showed a decreas&SIS relative to untreated

and am-neg transfected cells.
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Figure 85. Knockdown of mir-124a levels in MING6 cells (erroans indicate standard
error of technical replicates).
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(b) Over-expression of mir-124a

Over-expression of mir-124a (figure 86) shows arelese in GSIS relative to control

cells.
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Figure 86. Over-expression of mir-124a in MING6 cells (errordandicate standard
error of technical replicates).

Over-expression of mir-124a (figure 87) shows amease in GSIS relative to untreated

and pm-neg transfected cells.

g’ 1000
5 1.3 fold 1.3 fold 1.6 fold
= 800
IS
=2 600

= |
55
S o
O o i
S5 400
o
c 200 ~
S
2 0

untreated pm-neg pm-124a
Treatments

0 3.3mM glucose ®16.7mM glucose

Figure 87. Over-expression of mir-124a in MING cells (errordandicate standard
error of technical replicates).
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Over-expression of mir-124a (figure 88) shows ghtlincrease in GSIS relative to

control cells.
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Figure 88. Over-expression of mir-124a in MING6 cells (errordandicate standard
error of technical replicates).

Over-expression of mir-124a (figure 89) shows arelese in GSIS relative to control

cells.
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Figure 89. Over-expression of mir-124a in MING cells (errordandicate standard
error of technical replicates).



Large differences in baseline insulin secretionresponse to 3.3mM glucose were
observed for control cells (figure 90) therefor@mat draw any conclusions on effects

on mir-124a over-expression.
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Figure 90. Over-expression of mir-124a in MING6 cells (errordandicate standard
error of technical replicates).

No effect on GSIS is observed for over-expressiomio-124a relative to control cells
(figure 91).
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Figure 91. Over-expression of mir-124a in MING6 cells (errordandicate standard
error of technical replicates).
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No effect on GSIS is observed for mir-124a overregpion relative to control cells
(figure 92).
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Figure 92. Over-expression of mir-124a in MING6 cells (errordandicate standard
error of technical replicates).
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1.8 Functional Validation of mir-337

Mir-337 expression was reduced in non-GSIS MIN@scéherefore it was expected that
manipulation to increase and decrease expressiefslef this miRNA in MING cells

could lead to increased and decreased GSIS respotisese cells.

(a) Knockdown of mir-337

No effect on GSIS was observed for knockdown of38F compared to control cells
(figure 93).
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Figure 93. Knockdown of mir-337 levels in MING6 cells (error fisaindicate standard
error of technical replicates).
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No effect on GSIS was observed for knockdown of-38i¥ relative to control cells
(figure 94).
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Figure 94. Knockdown of mir-337 levels in MIN6 cells (error fisaindicate standard
error of technical replicates).

Knockdown of mir-337 (figure 95) showed an increes&SIS relative to untreated and

am-neg transfected cells.
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Figure 95. Knockdown of mir-337 levels in MING6 cells (error fisaindicate standard
error of technical replicates).
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No effect on GSIS was observed for knockdown of33iY levels relative to untreated

and am-neg transfected cells (figure 96).
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Figure 96. Knockdown of mir-337 levels in MING6 cells (error fisaindicate standard
error of technical replicates).

A slight decrease in GSIS was observed for knockdofamir-337 relative to untreated

and am-neg transfected cells (figure 97).
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Figure 97. Knockdown of mir-337 levels in MIN6 cells (error fisaindicate standard
error of technical replicates).
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(b) Over-expression of mir-337

No effect on GSIS is observed for over-expressiomio-337 relative to control cells
(figure 98).
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Figure 98. Over-expression of mir-337 in MING cells (error ®andicate standard error
of technical replicates).

Over-expression of mir-337 (figure 99) shows arrease in GSIS relative to control

cells.
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Figure 99. Over-expression of mir-337 in MING cells (error ®andicate standard error
of technical replicates).
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Large differences in baseline insulin secretionresponse to 3.3mM glucose were
observed for control cells (figure 100) therefoammot draw any conclusions on effects

on mir-337 over-expression.
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Figure 100. Over-expression of mir-337 in MING6 cells (error $andicate standard
error of technical replicates).
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1.9 Functional Validation of mir-532

Expression levels of mir-532 were manipulated usmigNA inhibitors and mimics to
determine if differential expression of this miRNAuld affect GSIS phenotype of
MING cells.

(a) Knockdown of mir-532

No effect on GSIS is observed for knockdown of BB2 relative to control cells
(figure 101).
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Figure 101.Knockdown of mir-532 levels in MING cells (errorrsaindicate standard
error of technical replicates).
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No effect on GSIS is observed for knockdown of B8B2 levels relative to control cells
(figure 102).
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Figure 102.Knockdown of mir-532 levels in MING cells (errorrsaindicate standard
error of technical replicates).

(b) Over-expression of mir-532

No effect on GSIS was observed for over-expressfanir-532 relative to control cells
(figure 103).
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Figure 103. Over-expression of mir-532 in MING6 cells (error $andicate standard
error of technical replicates).
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A slight decrease in GSIS was observed for cebatéd with pm-532 relative to

untreated and pm-neg transfected cells (figure.104)
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Figure 104. Over-expression of mir-532 in MING6 cells (error $andicate standard
error of technical replicates).

No effect on GSIS was observed for pm-532 treae#id celative to untreated and pm-

neg transfected cells (figure 105).
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Figure 105. Over-expression of mir-532 in MING cells (error $andicate standard
error of technical replicates).
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1.10 Functional Validation of mir-320

Mir-320 expression was manipulated using anti- pmedmirs as miRNA inhibitors and

mimics for altering miRNA levelg vitro.

(a) Knockdown of mir-320

No effect on GSIS is observed for knockdown of BH#6 relative to control cells

(figure 106).

1400
1200 A
1000
800
600
400
200
0

1.9 fold 3.0 fold 2.0 fold 2.8 fold

protein)

i

Insulin Secretion (pmol/L/mg

untreated gapdh amneg am-320

Treatments

0 3.3mM glucose ®m 16.7mM glucose

Figure 106.Knockdown of mir-320 levels in MING cells (errorrsaindicate standard
error of technical replicates).

No effect on GSIS is observed for mir-320 knockdawiative to control cells (figure
107).
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Figure 107.Knockdown of mir-320 levels in MING cells (errorrsaindicate standard
error of technical replicates).
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No effect on GSIS is observed for knockdown of BH#6 relative to control cells

(figure 108).
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Figure 108.Knockdown of mir-320 levels in MING cells (errorrsaindicate standard
error of technical replicates).

No effect on GSIS is observed for knockdown of BH#6 relative to control cells

(figure 109).
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Figure 109.Knockdown of mir-320 levels in MING cells (errorrsaindicate standard
error of technical replicates).

LXII



Knockdown of mir-320 (figure 110) shows a decreaséSIS relative to untreated and

am-neg transfected cells.
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Figure 110.Knockdown of mir-320 levels in MING cells (errorrsaindicate standard
error of technical replicates).

(b) Over-expression of mir-320

Over-expression of mir-320 (figure 111) shows arélase in GSIS relative to control

cells.
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Figure 111. Over-expression of mir-320 in MING cells (error $andicate standard
error of technical replicates).
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Large differences in baseline insulin secretionresponse to 3.3mM glucose were
observed for control cells (figure 112) therefoammot draw any conclusions on effects

on mir-320 over-expression.
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Figure 112. Over-expression of mir-320 in MING6 cells (error andicate standard
error of technical replicates).
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1.11 Functional Validation of mir-192

Expression levels of mir-192 were manipulated irNBllcells to determine if this

mMiRNA plays a role in GSIS in these cells.

(a) Knockdown of mir-192
No effect on GSIS is observed for knockdown of @fi2 relative to control cells
(figure 113).

1400
1200 ~
1000
800
600
400
200

1.9 fold 3.0 fold 2.0 fold 2.6 fold

protein)

i

Insulin Secretion (pmol/L/mg

untreated gapdh amneg am-192

Treatments

0 3.3mM glucose ®m 16.7mM glucose

Figure 113.Knockdown of mir-192 levels in MING cells (errorrsaindicate standard
error of technical replicates).

No effect on GSIS is observed for knockdown of &2 relative to untreated and am-

neg transfected cells (figure 114).
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Figure 114.Knockdown of mir-192 levels in MING cells (errorrsaindicate standard
error of technical replicates).
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Knockdown of mir-192 (figure 115) shows a decreas@SIS relative to untreated and

am-neg transfected cells.
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Figure 115.Knockdown of mir-192 levels in MING6 cells (errorrsaindicate standard
error of technical replicates).

No effect on GSIS is observed for knockdown of @fi2 relative to control cells
(figure 116).
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Figure 116.Knockdown of mir-192 levels in MING cells (errorrsaindicate standard
error of technical replicates).
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(b) Over-expression of mir-192

Over-expression of mir-192 (figure 117) shows arelase in GSIS relative to untreated

and pm-neg transfected cells.
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Figure 117. Over-expression of mir-192 in MING6 cells (error andicate standard
error of technical replicates).

Over-expression of mir-192 (figure 118) shows arelase in GSIS relative to untreated

and pm-neg transfected cells.
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Figure 118. Over-expression of mir-192 in MING6 cells (error andicate standard
error of technical replicates).
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Over-expression of mir-192 (figure 119) shows reafon GSIS fold change, however

a large increase in basal insulin secretion amduséited insulin secretion is observed.
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Figure 119. Over-expression of mir-192 in MING6 cells (error $andicate standard
error of technical replicates).
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1.12 Functional Validation of mir-379
Mir-379 expression levels were reduced in non-A@8IN6 cells, therefore increasing
and decreasing levels of this miRNA would be expedb increase and decrease the

GSIS responsiveness to these cells, respectively.

(a) Knockdown of mir-379
No effect on GSIS is observed for knockdown of BWB relative to control cells
(figure 120).
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Figure 120.Knockdown of mir-379 levels in MING cells (errorrsaindicate standard
error of technical replicates).

No effect on GSIS is observed for knockdown of BWB relative to control cells
(figure 121).
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Figure 121.Knockdown of mir-379 levels in MING cells (errorrsaindicate standard
error of technical replicates).
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(b) Over-expression of mir-379

Over-expression of mir-379 (figure 122) showed arelase in GSIS relative to

untreated and pm-neg transfected cells.
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Figure 122. Over-expression of mir-379 in MING6 cells (error $andicate standard
error of technical replicates).

No effect on GSIS was observed for over-expressfanir-379 relative to control cells
(figure 123).
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Figure 123. Over-expression of mir-379 in MING6 cells (error $andicate standard
error of technical replicates).
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Over-expression of mir-379 (figure 124) showed arease in GSIS relative to

untreated and pm-neg transfected cells.
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Figure 124. Over-expression of mir-379 in MING6 cells (error $andicate standard
error of technical replicates).
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Appendix B

MIRNA biomarker study — raw data
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Evaluation of target miRNA levels in serum from type 1 diabetes patients and

control serum :

AC; Fold Change
Control

mir-9* 33.914 33.271 -0.643 1.56
mir-376a 35.046 35.348 0.302 -1.23
mir-192 32.496 31.945 -0.551 1.46
mir-375* 32.588 32.173 -0.415 1.33
mir-532 31.735 31.175 -0.56 1.47
mir-320 28.073 28.442 0.369 -1.29
mir-130a 28.944 29.846 0.902 -1.86
mir-369-5p 34.185 34.461 0.276 -1.21
mir-27a 28.11 28.477 0.367 -1.28
mir-124a 34.152 32.424 1.728 3.31
mir-379 33.506 32.979 0.527 1.44
mir-337 Not detected

mir-200a Not detected

mir-410 Not detected

Table 2.1Fold changes of miRNA levels in TLDM sera compaedon-diabetic sera
controls. Fold changes calculated fronf'@PM-ctContoh (35 1o suitable endogenous
control identified for this work) (* miRNAs identéd from the literature).
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Mir-124a

Control C; AC; Fold change
DS-29 | 33.615 DS-39 34.85 1.235 2.35
DS-35 | 30.847 DS-33 34.147| 3.3 9.85
DS-11 | 32.144 DS-49 34.467| 2.323 5
DS-13 | 32.159 DS-18 33.271| 1.112 2.16
DS-25 | 31.253 DS-19 34.119| 2.866 7.29
average
fold change | 5.33
Stdev +/-3.29
P-value 0.004

Table 2.2 Fold changes in mir-124a levels in T1DM sera cora@aio non-diabetic
sera. Fold changes calculated frofi@:PM-ctCentoh a5 o suitable endogenous control
identified for this work).

Mir-130a
Control o AC; Fold Change
DS-11 34.055 DS-49 32.414 -1.641 -3.11
DS-13 30.856 | DsS-18 30.251| -0.605 -1.52
DS-25 30.966 | DS-72 33.947| 2981 7.89
DS-29 31.095 | DS-37 31.258| 0.163 1.11
DS-35 29.1899| DS-33 33.091| 3.900L 14.94

Table 2.3Fold changes in mir-9 levels in TLDM sera comparedon-diabetic sera.
Fold changes calculated from(©gPM-ciConto) (35 no suitable endogenous control
identified for this work).
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Control

ACt

Fold change

DS-11
DS-13
DS-25
DS-29
DS-35

undet
31.828
33.861
undet
34.7

DS-49
DS-18
DS-72
DS-37
DS-33

undet
33.8995
undet
undet

undet

-2.04.2

Table 2.4Fold changes in mir-9 levels in TLDM sera comparedon-diabetic sera.
Fold changes calculated from(©8PM-ciConto) (35 no suitable endogenous control
identified for this work).

DS-11
DS-13
DS-25
DS-29
DS-35

35.732
32.944
32.725
33.328
31.235

Mir-532
Control Ct AC; Fold Change
DS-49 33.963 1.769 -3.41
DS-18 32.115 0.829 -1.78
DS-72 35.545 -2.82 7.06
DS-37 33.765 -0.44 1.35
DS-33 34.432 -3.19 9.17

Table 2.5Fold changes in mir-9 levels in TLDM sera compareaon-diabetic sera.
Fold changes calculated from(©grPM-ctContol) 35 ng suitable endogenous control
identified for this work).

Mir-192
Control Ct AC; Fold Change
DS-11 36.087 DS-49 36.255 -0.168 1.12
DS-13 34.252 DS-18 34.261 -0.009 1.006
DS-25 33.26 DS-72 36.749 -3.489 11.23
DS-29 33.664 DS-37 34.827 -1.163 2.23
DS-35 32.01 DS-33 undet

Table 2.6 Fold changes in mir-9 levels in TLDM sera compareaon-diabetic sera.
Fold changes calculated from(©grPM-ctContol) 35 1o suitable endogenous control
identified for this work).
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Mir-379

Control C; AC; Fold change
DS-29 | 33.061 DS-39 34.9 1.839 3.58
DS-35 | 31.01 DS-33 33.23 2.22 4.66
DS-11 | 32.387 DS-49 33.457| 1.07 2.1
DS-13 | 32.103 DS-18 30.881| -1.222 -2.33
DS-25 | 32.043 DS-19 34.7 2.657 6.31
average
fold change | 4.16
Stdev 1.77
P-value 0.017

Table 2.7Fold changes in mir-379 levels in TLDM sera comgdoenon-diabetic sera.
Fold changes calculated from(©grPM-ctContol) 35 ng suitable endogenous control
identified for this work). DS-13 / DS-18 pair weremoved from average fold change
calculations as they were outliers.

Mir-124a expanded study :

Mir-124a
T1DMs | C; Controls | C; AC; RQ Fold
DS-68 | 33.286 DS-56 33.834 -0.548 | 1.4620€ 1.46
DS-74 | 33.993 DS-36 34.898 -0.905 | 1.87254 1.87
DS-82 | 35.938 DS-7 34.032 1.906
DS-84 | 36.061 DS-27 35.588 0.473
DS-88 | 33.459 DS-39 35.044 -1.585
DS-90 | 35.02 | DS-53 34.179.845
DS-93 | 34.389 DS-33 35.629 -1.24
DS-98 | 34.543 DS-50 35.431 -0.888
DS-95 | 36.427 DS-51 36.449 -0.022
DS-99 | 35.717 DS-53 34.175 1.542

Table 2.8Fold change of mir-124a levels in TIDM sera comgdoenon-diabetic sera.
Fold changes calculated from(©grPM-etContol) 35 ng suitable endogenous control
identified for this work).
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Evaluation of GSIS related miRNAs in serum from type 2 diabetes patients

relative to control serum :

Mir-369-5p

Control C; AC; Fold Change
DS-9 |35.884 | DS-52 | 35.494| 0.39 -1.31
DS-10 | undet | DS-3 35.516
DS-14 | undet | DS-2 36.162
DS-15 | 35.7335| DS-54 | 34.517| 1.2165 -2.33
DS-21 | 35.108 | DS-16 | 33.828| 1.28002 | -2.43
DS-23 | 34.8782| DS-18 | 33.699| 1.17921 | -2.26
Average
Fold -2.08

Table 2.9 Fold change of mir-369-5p levels in T2DM sera comepato non-diabetic
sera. Fold changes calculated frofi@:PM-ct€entoh a5 o suitable endogenous control
identified for this work).

Mir-130a
Control C; AC; Fold Change
DS-9 |31.499| DS-52 | 32.018| -0.519 1.433
DS-10 | 35.012| DS-3 36.321| -1.309 | 2.478
DS-14 | 32.825| DS-2 33.345| -0.52 1.434
DS-15 | 32.826| DS-54 | 32.147| 0.679 -1.601
DS-21 | 32.061| DS-16 | 30.876| 1.185 -2.27
DS-23 | 32.531| DS-18 | 31.967| 0.564 -1.478

Table 2.10Fold change of mir-130a levels in T2DM sera comgaie non-diabetic
sera. Fold changes calculated frofi@:PM-ctCentoh a5 o suitable endogenous control
identified for this work).
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Control

Mir-27a
Ci

AC

Fold Change

DS-9

DS-10
DS-14
DS-15
DS-21
DS-23

31.192
34.07

31.559
31.291
30.947
31.611

DS-52
DS-3
DS-2
DS-54
DS-16
DS-18

30.975
33.776
32.853
30.853
29.986
30.715

0.217
0.294
-1.294
0.438
0.961
0.896

-1.62
-1.22
2.45

-1.35
-1.95
-1.86

Table 2.11Fold change of mir-27a levels in T2DM sera compdcedon-diabetic sera.
Fold changes calculated from(©grPM-ctContol) 35 1o suitable endogenous control
identified for this work).

Fold Change

DS-9

DS-10
DS-14
DS-15
DS-21
DS-23

33.899
34.879
36.598
35.969
35.912
35.396

Mir-124a
Control C;
DS-52 | 34.828
DS-3 35.573
DS-2 35.403
DS-54 | 36.085
DS-16 | 35.062
DS-18 | 33.854

-0.929
-0.694
1.195
-0.116
0.85
1.542

1.9
1.62
-2.29
1.08
-1.8
-2.91

Table 2.12Fold change of

mir-124a levels in T2DM sera comgaie non-diabetic
sera. Fold changes calculated froffif®PM-ctConod a5 no suitable endogenous control
identified for this work).
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Mir-410

Control C; AC; Fold Change
DS-9 | 35.344| DS-52 | 35.135| 0.209 -1.16
DS-10 | 35.65 | DS-3 35.523| 0.127 -1.09
DS-14 | 34.711| DS-2 34.795| -0.084 | 1.06
DS-15 | 35.172| DS-54 | 34.012| 1.16 -2.23
DS-21 | 34.026| DS-16 | 33.482| 0.544 -1.46
DS-23 | 33.772| DS-18 | 32.799| 0.973 -1.96

Table 2.13Fold change of mir-410 levels in T2DM sera comparcedon-diabetic sera.
Fold changes calculated from(©grPM-ctContol) 35 ng suitable endogenous control
identified for this work).

Mir-200a
Control C; AC; Fold change

DS-9 |33.634 | DS-52 |36.617 | -2.983 | 7.91
DS-10 | undeter| DS-3 undeter

DS-14 | 36.03 | DS-2 undeter

DS-15 | 34.867 | DS-54 | 35.687 | -0.82 1.76
DS-21 | 35.859 | DS-16 |35.28 | 0.579 -1.49
DS-23 | 34.615 | DS-18 | 33.649 | 0.966 -1.95

Table 2.14Fold change of mir-200a levels in T2DM sera comgaie non-diabetic
sera. Fold changes calculated frofi@:PM-ctCentoh a5 o suitable endogenous control
identified for this work).

Mir-532
Ct Control Ct ACt Fold change
DS-9 | 32.535| DS-52 | 34.605( -2.07 4.2
DS-10| 35.5208] DS-3 | 36.103| -0.5822 1.5
DS-14 | 34.463| DS-2 | 34.29 0.173 -1.13
DS-15| 34.3358[ DS-54 | 34.195| 0.1408 -1.1
DS-21|34.0148| DS-16 | 33.314| 0.7008 -1.62
DS-23| 35.6051| DS-18 | 33.876| 1.7291 -3.31

Table 2.15Fold change of mir-532 levels in T2DM sera comparcedon-diabetic sera.
Fold changes calculated from(©grPM-etContol) 35 ng suitable endogenous control
identified for this work).
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Appendix C

Label-free LC-MS serum study raw data
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T1DM new versus control new- Analysis 1

Accession Peptides Score Anova (p)¥ Fold| Descriptio Average Normalised Abundances
T1DM new Control new

POCOL4 43 4138 0.02 1.58 Complement C4-A 1.56E+0Q08 9. 88K
P01024 35 3123 0.05 1.5% Complement C3 4.95E+007 3.19E+400
P01031 20 1427 0.03 1.6% Complement C5 1.88E+(06 1.146+00
P02647 16 1126 0.03 1.53 Apolipoprotein A-I 7.57E+0D7 4E9007
P10909 13 988 0.04 1.72 Clusterin 1.78E+007 1.03E+00}
P02748 10 950 0.008 1.79 Complement component C9 4.28&100 2.39E+006)
P04004 8 689 0.05 1.43 Vitronectin 4.72E+007 3.30E+00}
P06727 9 652 0.01 1.58 Apolipoprotein A-IV 9.07E+0Q6 5.74196
P23142 7 640 0.03 1.61 Fibulin-1 5.67E+006 3.53E+006
P02768 8 628 0.04 1.64 Serum albumin 9.07E+006 5.54E+006
Q08380 8 581 0.05 1.58 Galectin-3-binding protein 1.77E+0Q06 1.12E+006
Q14624 6 520 0.04 7.81 Inter-alpha-trypsin inhibitor heatyain H4 1.23E+006 1.58E+00Q5
P01009 6 490 0.02 1.784 Alpha-1-antitrypsin 8.31E+0pP5 4.666>
P18428 4 392 0.02 2.29 Lipopolysaccharide-binding protein .66&+005 2.47E+00%
P07996 6 368 0.008 1.6 Thrombospondin-1 3.03E+(05 5.006400
P02741 6 334 0.02 6.09 C-reactive protein 1.22E+(06 2.0@BE+H0
P02746 3 279 0.03 1.59 Complement C1g subcomponent subunit B 2.60E+006 1.63E+00p
P10643 4 272 0.003 2.24 Complement component C7 4.26E+4005 .90E*005
P04003 3 270 0.03 1.5) C4b-binding protein alpha chain B-8R)6 2.40E+004
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P00450 4 258 0.01 2.41 Ceruloplasmin 2.70E+005 1.12E+005
P68032 4 232 0.02 1.9 Actin, alpha cardiac muscle 1 9.88E+ 1.93E+005
P07225 4 218 0.03 1.5 Vitamin K-dependent protein S 3. 4HESH 2.29E+005
P02788 3 205 0.04 1.74 Lactotransferrin 3.86E+004 6.70E+004
Q06033 3 180 0.01 2.43 Inter-alpha-trypsin inhibitor heatyaim H3 9.40E+004 3.88E+004
Q6S8J3 3 178 0.02 1.9 POTE ankyrin domain family member E 5.39E+004 1.06E+005
P07358 3 171 0.05 1.8 Complement component C8 beta chain .52E3-005 2.97E+00%
P04070 2 164 0.03 1.81] Vitamin K-dependent protein C 2. 1065 1.17E+005
Q9UK55 2 153 0.02 2.69 Protein Z-dependent protease inhibito 1.97E+005, 7.33E+004
Q12805 2 136 0.05 1.94 EGF-containing fibulin-like extracédlr matrix 1.78E+005 9.16E+004
protein 1
P09871 3 135 0.03 1.5 Complement C1s subcomponent 4.01E+004 2.67E+004
Q562R1 2 117 0.02 1.91] Beta-actin-like protein 2 5.31E+(Q04 1.02E+005
Q9BYX7 2 113 0.02 1.9 Beta-actin-like protein 3 4.86E+Q04  9.63E+004

Table 1. Differentially expressed proteins in TLDM new \&ontrol new comparison.T1DM new sample DS-169 weasl as reference

run.
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T1DM new versus control new- Analysis 2

Accession Peptides Score Anova (p)] Fold| Descriptio Average Normalised Abundances
T1DM new Control new
POCOL5 40 3836 0.005 1.6% Complement C4-B 1.95E+008 08B
P01024 42 3693 0.03 1.56 Complement C3 6.88E+(07 4.41E400
P01031 20 1420 0.004 1.74 Complement C5 2.24E+D06 1.286+0
P02647 17 1233 0.02 1.57 Apolipoprotein A-I 8.52E+0p7 JFE4007
P10909 12 1010 0.01 1.68 Clusterin 2.68E+007 1.59E+00}
P02748 11 1000 0.003 1.8¢ Complement component C9 4.96&+0 2.66E+006
P06727 14 972 0.005 1.64 Apolipoprotein A-IV 1.15E+007 0GE+006
P02768 10 777 0.03 1.58 Serum albumin 1.29E+007 8.20E+006
P04004 7 644 0.04 1.44 Vitronectin 5.38E+007 3.70E+00}
P23142 7 631 0.02 1.64 Fibulin-1 6.42E+006 3.93E+006
P18428 5 541 0.02 2.29 Lipopolysaccharide-binding protein .30E+006 5.68E+00%
P02743 7 530 0.04 1.48 Serum amyloid P-component 7.41E4006 5.02E+006
P08603 8 521 0.02 1.41 Complement factor H 2.70E+Q06 1. 9PI6+
P01008 9 512 0.05 1.47 Antithrombin-II| 2.75E+0Q7 1.87E+0p7
P01871 7 500 0.05 1.42 Ig mu chain C region 1.44E+0Q07 1R
P07996 7 425 0.01 1.5 Thrombospondin-1 5.18E+(Q05 7.94E4H005
P01009 5 412 0.004 2.19 Alpha-1-antitrypsin 9.02E+005 44065
P04003 3 346 0.01 1.6) C4b-binding protein alpha chain EAR6 2.77E+004
P07225 5 297 0.02 1.33 Vitamin K-dependent protein S 1. 206+ 9.16E+005
Q06033 5 278 0.007 2.7 Inter-alpha-trypsin inhibitor heatyain H3 1.53E+004 5.66E+004
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P10643 3 267 0.001 2.3 Complement component C7 5.43E+005 .31Ex005
P68133 5 246 0.01 2.19 Actin, alpha skeletal muscle 1.110590 2.43E+005
P02745 2 241 0.02 1.471 Complement C1g subcomponent subunit A 2.71E+006 1.84E+00p
P02741 4 236 0.01 6.22 C-reactive protein 1.24E+Q06 1.995+0
Q9UK55 3 228 0.03 2.51 Protein Z-dependent protease inhibito 3.81E+005 1.52E+00pb
P02788 3 218 0.02 2.26 Lactotransferrin 4.63E+004 1.05E+00%
P01834 2 210 0.05 1.5 Ig kappa chain C region 1.23E+D07 8B+D06
P12259 3 200 0.04 1.63 Coagulation factor V 2.57E+(J05 18006
P02746 2 195 0.02 1.55 Complement C1q subcomponent subunit B 1.68E+006 1.09E+00p
P13671 3 185 0.04 1.58 Complement component C6 4.21E4005 66E2005
P09871 2 124 0.03 1.7 Complement Cls subcomponent 2.47E+005 1.46E+005
Q9BYX7 2 113 0.03 1.92 Beta-actin-like protein 3 6.34E+(004 1.22E+005
Q6S8J3 2 113 0.03 1.92 POTE ankyrin domain family member E 6.34E+004 1.22E+00%
AS5A3EOD 2 113 0.03 1.92 POTE ankyrin domain family member F 6.34E+004 1.22E+00%
P04196 2 95 0.05 2.61 Histidine-rich glycoprotein 1.13E+004 2.94E+004

Table 2. Differentially expressed proteins in TLIDM new vwessontrol new comparison. Control sample DS-175 uged as reference

run.
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T1DM new versus control new- Analysis 3

Accession Peptideg Score Anova (p)* Fold Description Average Normalised Abundances
T1DM new Control new

POCOL5 26 2000 0.05 3.01 Complement C4-B 4.46e+007 1.48e+00y/
P01031 9 586 0.04 1.63 Complement C5 4.70e+005, 2.88e+00b
P00734 7 555 0.04 35.59 Prothrombin 1.05e+007 2.96e+00b
P60709 8 446 0.04 1.6 Actin, cytoplasmic 1 3.25e+(d05 54006
P68032 7 357 0.009 2.30 Actin, alpha cardiac muscle 1 P08 2.84e+004
P63267 6 314 0.009 2.23 Actin, gamma-enteric smooth muscle 1.16e+005 2.60e+00p
P10909 4 246 0.02 1.57 Clusterin 8.49e+005 5.41e+00b
P02741 4 196 0.02 8.0§ C-reactive protein 4.21e+005 5.23e+004
A5A3EQD 3 178 0.03 2.02 POTE ankyrin domain family member F 6.91e+004 1.40e+00p
Q6S8J3 3 178 0.03 2.02 POTE ankyrin domain family member E 6.91e+004 1.40e+00p
P05154 3 167 0.02 2.08§ Plasma serine protease inhibitor 1e2804 5.83e+004
Q08380 2 121 0.04 1.54 Galectin-3-binding protein 4.31e+005 2.79e+005
Q06033 2 117 0.02 2.50 Inter-alpha-trypsin inhibitor heahain H3 8.37e+004 3.34e+004
Q562R1 2 117 0.03 1.87 Beta-actin-like protein 2 6.40e+(i)04 1.20e+005
Q9BYX7 2 113 0.03 2.03 Beta-actin-like protein 3 6.31e+(04 1.28e+005
P08697 2 111 0.03 1.58 Alpha-2-antiplasmin 7.70e+(J04 1.20&H

Table 3. Differentially expressed proteins in TLDM new amshtrol new comparison. Control samples DS-178 wgasl as reference run.
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T1DM old versus control old- Analysis 1

Accession Peptide§ Score Anova (p)* Fold Descriptio Average Normalised Abundances
T1DM old Control old

P04114 56 4308 0.05 2.% Apolipoprotein B-100 7.65E+(J06 91E+007
P01008 18 1712 0.05 2.5% Antithrombin-III 6.43E+007 1.64E+008
P02649 12 1248 0.02 2.19 Apolipoprotein E 1.46E+007 3.20E+00}
P07225 7 545 0.05 2.47 Vitamin K-dependent protein S 1.50E6H 3.75E+004
P04004 5 491 0.03 1.72 Vitronectin 2.55E+007 4.39E+00}
P02655 4 456 0.01 2.41 Apolipoprotein C-II 4.06E+006 9.7986
P02647 5 429 0.05 1.9 Apolipoprotein A-l 2.66E+0Q7 5.06E+(J0
P00450 6 412 0.03 1.7/ Ceruloplasmin 5.53E+005 3.25E+005b
Q15485 5 406 0.02 3| Ficolin-2 5.81E+005 1.75E+006
P02766 4 377 0.04 2.69 Transthyretin 2.14E+006 5.74E+006
P35542 2 245 0.02 2.34 Serum amyloid A-4 protein 8.40E+005  1.97E+006
P48740 4 243 0.005 1.97 Mannan-binding lectin serine praedas 4.04E+005 7.95E+005
P04003 3 243 0.04 2.62 C4b-binding protein alpha chain BEBJ06 1.49E+007
Q03591 3 227 0.006 1.84 Complement factor H-related protein 2.30E+006 4.34E+00p
P01776 1 211 0.04 2.78 Ig heavy chain V-Ill region WAS 424005 1.18E+006
P01774 1 211 0.04 2.78 Ig heavy chain V-Ill region POM E2P05 1.18E+006
P02776 2 211 0.05 2.1 Platelet factor 4 7.12E+005 1.49E+006
P63261 4 201 0.03 3.42 Actin, cytoplasmic 2 1.28E+005 4 8885
P05546 3 189 0.04 1.98 Heparin cofactor 2 2.49E+Q04 4.948+0
014791 2 189 3.71E-003 4.07 Apolipoprotein L1 7.27E+004 6E9005
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P36980 2 168 0.02 1.84 Complement factor H-related protein 2 7.12E+005, 1.34E+00p
P07358 3 158 0.01 1.49 Complement component C8 beta chain .24E3-004 5.64E+004
Q9BYX7 3 154 0.01 3.99 Beta-actin-like protein 3 6.77E+(004 2.70E+005
Q6S8J3 3 154 0.01 3.99 POTE ankyrin domain family member E 6.77E+004 2.70E+005b
P55056 2 135 0.02 2.9 Apolipoprotein C-IV 5.04E+004 1.46B5(
P04275 2 117 0.02 4.42 von Willebrand factor 1.76E+004 E8004
P07357 2 98 0.03 1.73 Complement component C8 alpha chain 125004 2.96E+004
P01023 2 96 0.02 2.27 Alpha-2-macroglobulin 8.06E+004 35064

Table 4. Differentially expressed proteins in TLDM old aswhtrol old comparison. TLDM old sample DS-84 wsasdias reference run.
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T1DM old versus control old- Analysis 2

Accession Peptideg Score Anova (p)* Fold Descriptio Average Normalised Abundances
T1DM old Control old

P01008 17 1510 0.03 2.31  Antithrombin-III 3.15E+007 7.27E+00¥
P02649 15 1226 0.02 2.0% Apolipoprotein E 1.07E+007 2.19E+00}
Q15485 7 544 0.02 2.81 Ficolin-2 4.37E+005 1.23E+006
P02655 5 518 0.01 2.2 Apolipoprotein C-II 3.13E+006 7.0986
P04004 5 446 0.03 1.6 Vitronectin 1.71E+007 2.77E+00}Y
P00450 8 445 0.04 1.44 Ceruloplasmin 4,51E+005 3.13E+005b
P02647 4 347 0.04 1.7 Apolipoprotein A-l 1.99E+007 3.50B%(
P07225 4 337 0.006 2.13 Vitamin K-dependent protein S 44085 8.59E+005
P02766 3 335 0.03 2.39 Transthyretin 1.63E+006 3.91E+006
P19827 4 298 0.01 2.14 Inter-alpha-trypsin inhibitor heatain H1 2.66E+005 5.69E+0(5
P48740 4 243 0.002 1.9 Mannan-binding lectin serine praeas 2.82E+005 5.49E+005
P04003 3 243 0.03 2.39 C4b-binding protein alpha chain EAR)6 1.01E+007
P01765 1 211 0.05 2.5 Ig heavy chain V-IIl region TIL 3.26805 8.00E+005
P02776 2 211 0.05 1.99 Platelet factor 4 5.30E+005 1.05E+006
P35542 2 202 0.02 2.25 Serum amyloid A-4 protein 5.16E+005 1.16E+006
P63261 4 201 0.02 3.14 Actin, cytoplasmic 2 1.45E+005 4 BB
014791 3 186 0.03 2.44 Apolipoprotein L1 7.75E+004 1.89E3-00
P05154 2 184 0.05 2.01 Plasma serine protease inhibitor 45+004 1.03E+004
Q03591 3 160 0.02 1.74 Complement factor H-related protein 1 1.42E+006 2.47E+00p
P08697 3 159 0.03 3.54 Alpha-2-antiplasmin 2.47E+004 8. 4+
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Q6S8J3 3 154 0.009 3.74 POTE ankyrin domain family member E 4.79E+004 1.78E+00
A5A3EQD 3 154 0.009 3.74 POTE ankyrin domain family member F 4.79E+004 1.78E+00
Q9BYX7 3 154 0.009 3.74 Beta-actin-like protein 3 4.79E+004  1.78E+005
P07357 3 139 0.02 1.67 Complement component C8 alpha chain 4.30E+004 2.58E+00
P55056 2 135 0.003 3.53 Apolipoprotein C-IV 2.86E+004 1.60B5
P01023 2 133 0.03 2.08§ Alpha-2-macroglobulin 8.89E+004 EPB04
P02654 2 117 0.02 2.32 Apolipoprotein C-I 1.37E+006 3.1886(
P04275 2 117 0.01 3.51 von Willebrand factor 1.67E+004 58004
P68032 2 108 0.01 3.64 Actin, alpha cardiac muscle 1 4. R 1.69E+005
P68133 2 108 0.01 3.64 Actin, alpha skeletal muscle 4.64E+0 1.69E+005
P02774 2 106 0.05 3.04 Vitamin D-binding protein 2.71E+004 8.23E+004
P36980 2 101 0.02 1.71] Complement factor H-related protein 2 2.27E+005, 3.89E+00
P07358 2 92 0.001 1.84 Complement component C8 beta chain .35E3-:004 3.41E+001

Table 5. Differentially expressed proteins in TLDM old acwhtrol old comparison. Control old sample DS-16G&swsed as reference run.
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T1DM old versus control old- Analysis 3
Accession Peptideg Score Anova (p)* Fold Descriptio Average Normalised Abundances
T1DM old Control old

P01008 16 1381 0.03 2.3 Antithrombin-III 2.79E+007 6.63E+00Y
P02649 15 1269 0.02 2.05 Apolipoprotein E 1.05E+007 2.16E+00Y
P02655 5 518 0.007 2.5 Apolipoprotein C-lI 2.76E+006 6.88B6

P04004 6 501 0.03 1.57 Vitronectin 1.76E+007 2.77E+00F
Q15485 6 494 0.02 2.8 Ficolin-2 4.10E+005 1.18E+006
P00450 7 477 0.03 1.6 Ceruloplasmin 5.17E+005 3.23E+005b
P07225 6 446 0.005 2.24 Vitamin K-dependent protein S 44085 9.04E+005
P02647 5 429 0.05 1.79 Apolipoprotein A-l 1.96E+007 3.44B8%(
P02766 3 335 0.04 2.4 Transthyretin 1.51E+006 3.71E+006
P04003 4 316 0.03 2.4 C4b-binding protein alpha chain 4 AW 9.97E+006
P35542 3 287 0.01 2.37 Serum amyloid A-4 protein 5.00E+005  1.19E+006

P05154 3 245 0.05 2.13 Plasma serine protease inhibitor 0Et804 1.24E+004
P48740 4 243 0.002 1.91 Mannan-binding lectin serine praeas 2.79E+005 5.35E+0(Q
014791 3 233 0.02 2| Apolipoprotein L1 1.25E+00% 2.49E+0(
P19827 3 224 0.007 2.2 Inter-alpha-trypsin inhibitor heawain H1 2.13E+00% 4.81E+0(
P01774 1 211 0.05 2.51 Ig heavy chain V-Ill region POM E¥B05 7.87E+004
P01776 1 211 0.05 2.51 Ig heavy chain V-Ill region WAS FHD05 7.87E+004
P02776 2 211 0.05 1.97 Platelet factor 4 5.22E+005 1.03E+006
P63261 4 201 0.03 3.09 Actin, cytoplasmic 2 1.52E+005 47065

AS5A3EOD 3 154 0.02 3.63 POTE ankyrin domain family member F 5.17E+004 1.88E+00%
Q9BYX7 3 154 0.02 3.63 Beta-actin-like protein 3 5.17E+(Q04 1.88E+005

Q6S8J3 3 154 0.02 3.63 POTE ankyrin domain family member E 5.17E+004 1.88E+005
P55056 2 135 0.004 3.03 Apolipoprotein C-IV 3.58E+004 1.88B5

P05546 2 125 0.02 2.81 Heparin cofactor 2 1.05E+Q04 2.9%8+
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Q)

P04275 2 117 0.01 3.9 von Willebrand factor 1.41E+004 55064
Q9UK55 2 112 0.02 1.9 Protein Z-dependent protease inhibito 3.47E+004 1.75E+00
P00742 2 111 0.04 2.9 Coagulation factor X 3.78E+(Q04 14006
P68032 2 108 0.02 3.59 Actin, alpha cardiac muscle 1 4. DA 1.79E+005
Q03591 2 106 0.03 1.74 Complement factor H-related protein 1 1.34E+006 2.33E+00
P02774 2 106 0.05 3.2 Vitamin D-binding protein 2.52E+0p4 .0FE+004
P07358 2 92 5.89E-004 1.91 Complement component C8 betachai 6.34E+004 3.31E+00

4

Table 6. Differentially expressed proteins in TLDM old acwhtrol old comparison. Control old sample DS-3%wsaed as reference run.
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T1DM new versus T1DM old- Analysis 1

Accession Peptideg Score Anova (p)*| Fold Description Average Normalised Abundances|
T1DM new T1DM old

POCOL5 47 4330 0.02 1.35 Complement C4-B 1.11E+08 8.23E+07
P00734 19 1580 0.05 1.39 Prothrombin 3.08E+07 2.22E+07
P00450 12 841 0.03 1.55 Ceruloplasmin 8.18E+05 1.27E+0¢
P10909 766 0.005 1.43 Clusterin 2.10E+07 1.47E+07
P01871 763 0.04 1.57 Ig mu chain C region 6.61E+06 4.21E+04
P01031 13 749 0.03 1.59 Complement C5 6.09E+05 3.83E+0]
P01008 10 724 0.006 1.44 Antithrombin-Il| 2.35E+07 1.63E+07
P19823 9 697 0.02 1.47 Inter-alpha-trypsin inhibitor heamam H2 2.58E+06 1.76E+06
P01009 8 586 0.05 1.49 Alpha-1-antitrypsin 5.32E+05 3.57E+0#
P01834 4 483 0.03 1.54 lg kappa chain C region 6.15E+06 OE+06
P04004 4 375 0.03 1.45 Vitronectin 1.72E+07 1.18E+07
P07225 4 316 0.007 1.71 Vitamin K-dependent protein S 6209 3.67E+05
P02768 4 255 0.007 1.69 Serum albumin 4.50E+05 2.66E+041
P00747 3 255 0.05 1.29 Plasminogen 3.79E+05 4.91E+01
P02654 4 213 0.004 1.55 Apolipoprotein C-I 2.59E+06 1.67E+0¢
Q06033 4 213 0.05 1.81 Inter-alpha-trypsin inhibitor heamain H3 1.03E+05 5.70E+04
P04180 3 183 0.05 1.24 Phosphatidylcholine-sterol acyltraresfe 5.96E+0% 4.80E+(Q5
P07996 3 171 0.05 1.48 Thrombospondin-1 1.52E+05 2.24E+0f
Q03591 2 153 0.02 1.77 Complement factor H-related protein 1 6.05E+04 3.42E+04
P01617 2 121 0.05 1.48 Ig kappa chain V-Il region TEW 2.80B 1.40E+05
P04264 2 96 0.04 4.01 Keratin, type Il cytoskeletal 1 1.40E 3.72E+03]

Table 7. Differentially expressed proteins in TAIDM new arftbM old comparison. TLDM new sample DS-169 wagluesereference

run.
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T1DM new versus T1DM old- Analysis 2

Accession Peptide§ Score Anova (p)*| Fold Descriptio Average Normalised Abundances
T1DM new T1DM old
POCOL5 46 4003 0.01 1.45 Complement C4-B 1.56E+08 1.08E+08
P00734 15 1402 0.05 1.4 Prothrombin 4.57E+07 3.27E+07
P01871 1006 0.04 1.57 Ig mu chain C region 1.26E+407 S+
P10909 889 0.003 1.42 Clusterin 3.31E+07 2.34E+07
P01008 13 886 0.01 1.43 Antithrombin-Il| 3.12E+07 2.18E+07
P19827 9 781 0.04 1.46 Inter-alpha-trypsin inhibitor heamam H1 2.25E+04 1.55E+06
P01834 5 524 0.02 1.55 Ig kappa chain C region 9.42E+06 76106
P04004 5 437 0.03 1.46 Vitronectin 2.57E+07 1.76E+07
P02748 5 355 0.05 1.53 Complement component C9 2.39E+06 6E1+.66
P08603 4 287 0.04 1.57 Complement factor H 7.80E+405 4.96GEH0
P07225 5 259 9.13E-04 1.49 Vitamin K-dependent protein S 24B+05 4.18E+04
P02654 2 123 0.002 1.56 Apolipoprotein C-I 3.78E+06 2.42E+0¢

Table 8. Differentially expressed proteins in TLDM new arftbM old comparison. T1DM old samples DS-74 wasduse reference run.
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T1DM new versus T1DM old- Analysis 3

Accession Peptide§ Score Anova (p)* Fold Descriptio Average Normalised Abundances
T1DM new T1DM old
POCOL5 44 3766 0.01 1.48 Complement C4-B 1.62E+p8 1.09E+08
P00734 17 1532 0.03 1.42 Prothrombin 4.69E+07 3.31E+07
P01871 6 963 0.02 1.55 Ig mu chain C region 1.43E+07 9.25E+06
P10909 10 962 0.003 1.45 Clusterin 3.35E+07 2.31E+07
P19827 10 959 0.04 1.48 Inter-alpha-trypsin inhibitor heavy cheiit 2.56E+06 1.73E+06
P01008 13 912 0.007 1.46 Antithrombin-Il| 4.18E+0f 2.87E+(07
P19823 10 766 0.009 1.46 Inter-alpha-trypsin inhibitor heavy chgii2 4.43E+06 3.04E+0p
P04004 4 447 0.03 1.42 Vitronectin 3.39E+07 2.38E+07
P01834 4 418 0.02 1.58 Ig kappa chain C region 9.56E+406 6.0®EH+0
P07225 2 190 0.003 2.2 Vitamin K-dependent protein S 6.16E105 .80E+05
P04180 3 183 0.03 1.26 Phosphatidylcholine-sterol acyltransteras 8.95E+05 7.09E+0b
P02654 3 171 0.002 1.59 Apolipoprotein C-I 3.88E+(6 2.45E+H06
014791 3 147 0.02 1.88 Apolipoprotein L1 1.43E+(5 7.61E+D4

Table 9. Differentially expressed proteins in TLDM new arftDM old comparison. T1DM old sample DS-90 was uaedeference run.
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Comparison of control groups for newly diagnosed aah controls for established diabetes

Principal Components Analysis
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Principal Component 1

Figure 1. PCA plot for control new and control old samplBample DS-178 as reference run. Blue spots indibateontrol old, while
pink spots indicate control new samples. Old cdrsample DS-7 is a slight outlier relative to tlestrof the control old group.

Principal Component 2
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Control new versus control old- Analysis 1

Accession Peptide§ Scor¢ Anova (p)* | Fold Description Average Normalised Abundances
control new control old

P02649 9 844 0.02 2.35 Apolipoprotein E 8.81E+06 2.07E+07
Q08380 8 786 0.02 2.55 Galectin-3-binding protein 1.65E+06 4.22E+06
P01871 8 557 0.04 1.6 Ig mu chain C region 5.71E+06 3.57E+06
P10909 6 516 0.05 2.33 Clusterin 7.93E+06 1.85E+07
P07225 6 429 0.05 2.69 Vitamin K-dependent protein S 8.16&1+0 2.19E+06
P02655 3 422 0.004 2.61 Apolipoprotein C-lI 2.76E+06 7.18E+06
P02741 5 353 0.01 10.84 | C-reactive protein 2.18E+05 2.36E+06
P04003 3 251 0.03 2.61 C4b-binding protein alpha chain [282029] 1.10E+07
Q12805 2 212 0.04 2.35 EGF-containing fibulin-like extracédir matrix protein 1 1.62E+0p 3.82E+05
P18428 2 210 0.04 2.01 Lipopolysaccharide-binding protein .92E+05 5.88E+05
P48740 3 191 0.02 1.77 Mannan-binding lectin serine protdase 2.71E+05 4.79E+0p
Q06033 3 178 0.01 2.21 Inter-alpha-trypsin inhibitor heawyain H3 4.41E+04 9.75E+04
P08603 2 176 0.003 1.52 Complement factor H 1.12E+06 7.35E+0%
P35542 2 173 0.03 2.34 Serum amyloid A-4 protein 5.48E405 .28E+06

Table 10.Differentially expressed proteins in control okersus control new comparison. DS-162 control otda was used as reference

run.
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Control new versus control old- Analysis 2

Accession Peptideg  Score Anova (p)r Fold Description Average Normalised Abundances
control new control old

P00734 12 1100 0.05 231 Prothrombin 2.30E+07 5.31E+07
P02649 9 844 0.02 2.33 Apolipoprotein E 8.78E+06 2.05E+07
Q08380 6 676 0.005 2.94 Galectin-3-binding protein 1.40E406 4.10E+06
P01871 9 612 0.04 1.57 Ig mu chain C region 7.37E+06 4.68E+04
P10909 6 516 0.05 2.25 Clusterin 8.14E+06 1.83E+07
P19823 7 512 0.04 1.39 Inter-alpha-trypsin inhibitor heatwain H2 8.33E+05 5.98E+0H
P02671 6 507 0.01 2.34 Fibrinogen alpha chain 4.72E+05 1.10E+0¢
P02655 3 422 0.008 2.83 Apolipoprotein C-lI 2.52E+06 7.13E+0¢4
P08603 6 357 0.005 15 Complement factor H 1.54E+06 1.02E+0¢
P02741 5 353 0.01 10.73 C-reactive protein 2.20E+05 2.37E+0¢4
P12259 3 263 0.02 2.58 Coagulation factor V 1.80E+05 4.64E+01
P35542 3 260 0.01 2.21 Serum amyloid A-4 protein 6.65E+05 ATE+06
Q06033 4 259 0.01 2.32 Inter-alpha-trypsin inhibitor heawyain H3 4.72E+04 1.09E+05
P04003 3 251 0.03 2.51 C4b-binding protein alpha chain [ZE263) 1.09E+07
P04070 3 240 0.05 2.24 Vitamin K-dependent protein C 1.68% 1+ 3.72E+05
P48740 3 191 0.02 1.72 Mannan-binding lectin serine protdase 2.80E+05 4.81E+0%
P02765 2 112 0.03 1.4 Alpha-2-HS-glycoprotein 3.06E+05 E105
P01834 2 106 0.03 1.79 Ig kappa chain C region 4.31E+05 2.40E+04
P07996 2 105 0.05 1.72 Thrombospondin-1 7.02E+04 4.07E+04
P02788 2 100 0.02 3.19 Lactotransferrin 1.88E+04 5.89E+01

Table 11.Differentially expressed proteins in control okeksus control new comparison. DS-178 control newpsa was used as

reference run.
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Control new versus control old- Analysis 3

Accession Peptide§ Score Anova (p)f  Fold Smiption Average Normalised Abundances
control new control old

POCOL5 53 4906 0.05 1.53 Complement C4-B 1.21E+08 1.85E+08
P02649 15 1315 0.02 1.71 Apolipoprotein E 1.13E+07 1.92E+07
P00734 16 1221 0.05 1.34 Prothrombin 2.48E+07 3.33E+07
Q08380 12 964 0.02 1.73 Galectin-3-binding protein 1.78&+ 3.08E+06
P10909 12 927 0.01 1.64 Clusterin 1.47E+07 2.41E+07
P07225 8 566 0.05 1.55 Vitamin K-dependent protein S 9. W (+ 1.52E+06
P04003 7 503 0.005 1.55 C4b-binding protein alpha chain 56406 7.83E+06
P02655 4 469 0.003 1.99 Apolipoprotein C-lI 2.91E+06 5.80E+0¢4
P08603 5 446 0.001 1.6 Complement factor H 1.90E+06 1.19E+0¢
P00450 5 441 0.05 15 Ceruloplasmin 1.99E+05 3.00E+04
P02741 5 353 0.03 10.3 C-reactive protein 2.19E+05 2.25E+0¢4
P02671 4 308 0.03 2.24 Fibrinogen alpha chain 1.26E+05 2.81E+0f
P35542 4 295 0.008 1.66 Serum amyloid A-4 protein 7.99E105 1.32E+06
P01620 3 226 0.04 1.5 Ig kappa chain V-l region SIE 6.895 4.60E+05
P48740 3 191 0.03 1.38 Mannan-binding lectin serine protdase 2.80E+05 3.85E+0b
Q06033 3 178 0.03 1.93 Inter-alpha-trypsin inhibitor heatain H3 4.42E+04 8.54E+04
P04070 2 169 0.05 1.58 Vitamin K-dependent protein C 1.36%&+ 2.15E+05
P02656 2 168 0.008 1.58 Apolipoprotein C-IlI 4.03E+06 6.38E+0¢4
P04180 3 161 0.04 1.41 Phosphatidylcholine-sterol acyltrarese 1.72E+0b 2.43E+05
P55056 2 120 7.18E-06 3.07 Apolipoprotein C-IV 2.65E+04 8.13E+04
P03950 2 118 0.01 1.69 Angiogenin 6.20E+04 1.05E+04

Table 12.Differentially expressed proteins in control okersus control new comparison. DS-39 control old@amwas used as reference
run. DS-7 was excluded from this analysis as pnag&pression pattern for this sample differed fiatiter samples in the same group.
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Autoimmune versus control- Analysis 1

Accession Peptide§ Score Anova (p)f Fold Descriptio Average Normalised Abundances
Autoimmune All controls
P02751 32 2998 0.02 1.52 Fibronectin 3.23E+07 4.91E+07
P02768 24 2101 0.009 1.86 Serum albumin 2.72E+07 1.46E+07
P20742 17 1420 0.01 5.08 Pregnancy zone protein 2.40E+06 4.78E+0%
P06727 10 990 0.02 1.53 Apolipoprotein A-IV 2.12E+07 1.39E+07
P02748 10 968 0.02 1.4 Complement component C9 5.83H+06 .64E3-06
P00450 6 736 0.05 1.4 Ceruloplasmin 1.20E+06 8.48E+0%
P01009 10 626 0.02 1.53 Alpha-1-antitrypsin 1.07E+06 7.00E+0%
P04264 5 546 0.05 2.9 Keratin, type Il cytoskeletal 1 E405 1.18E+05
P13645 7 509 0.04 3.27 Keratin, type | cytoskeletal 10 EB@5 7.84E+04
P18428 6 457 0.05 1.77 Lipopolysaccharide-binding protein 60E+06 9.04E+05
P00734 5 404 0.03 1.79 Prothrombin 2.71E+06 1.51E+06
P10643 5 396 0.02 2| Complement component C7 1.07E+D6 5.38E+05
P01008 5 396 0.05 1.94 Antithrombin-Ill 3.50E+06 1.80E+06
P51884 6 395 0.03 1.9 Lumican 4 56E+05 2.40E+0%
Q06033 6 364 0.01 1.77 Inter-alpha-trypsin inhibitor heatam H3 2.21E+04 1.25E+05
P35527 2 177 0.04 2.37 Keratin, type | cytoskeletal 9 4,208 1.78E+04
Q15848 2 174 0.02 1.83 Adiponectin 1.98E+06 1.08E+06
P07357 3 170 0.003 1.44 Complement component C8 alpha chain 9.45E+04 6.56E+04
P00488 2 146 0.03 2.47 Coagulation factor Xl A chain 1494 3.58E+04
P55056 2 121 0.04 2.1 Apolipoprotein C-IV 3.88E+04 8.23E+04
P07360 2 108 0.05 1.471 Complement component C8 gamma chain .82E7#04 5.31E+04
P02746 2 96 0.02 1.4 Complement C1g subcomponent subunit B 8.02E+04 5.43E+04

Table 13.Differentially expressed proteins in autoimmunesus control samples. Control sample DS-175 wag aseeference run.
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Autoimmune versus control- Analysis 2

Accession Peptides Score Anova (p)q Fold Descriptio Average Normalised Abundances
Autoimmune All controls
P02751 36| 2983.27 0.004 1.53]| Fibronectin 2.59E+07 3.97E+07
P04114 36| 2388.22 0.03 1.52| Apolipoprotein B-100 1.72E+06 2.60E+D6
P02768 24 | 1979.44 0.01 1.93| Serum albumin 2.41E+07 1.25E+07
P20742 18| 1452.68 0.00¢ 5.19( Pregnancy zone protein 2.43E+06 4.69E[+05
P06727 12| 1049.54 0.03 1.53| Apolipoprotein A-IV 1.87E+07 1.22E+07
P02748 12 973.92 0.03 1.65| Complement component C9 4.92E+406 2.97EH06
P00450 7 787.88 0.05 1.44 ] Ceruloplasmin 1.16E+06 8.06E+04
P13645 9 661.8 0.04 3.78| Keratin, type | cytoskeletal 10 2.87E+H05 E584
P01009 10 625.66 0.03 1.55| Alpha-1-antitrypsin 9.69E+05 6.24E+04
P10643 4 347.48 0.01 2.5| Complement component C7 6.79E+05 2.71E[+05
P18428 5 312.49 0.03 1.7 | Lipopolysaccharide-binding protein 9.40E+05 3E505
P51884 5 307.51 0.04 1.88| Lumican 4.02E+05 2.14E+04
Q06033 5 305.6 0.02 1.65( Inter-alpha-trypsin inhibitor heavy chain H3 .94E+05 1.17E+05
P13671 4 286.31 0.03 1.53| Complement component C6 4.13E+405 2.69EH05
Q15848 3 251.12 0.02 1.86 | Adiponectin 2.00E+06 1.08E+04
P00734 3 219.48 0.03 1.78| Prothrombin 2.39E+06 1.34E+0¢
014791 3 185.39 0.03 1.35| Apolipoprotein L1 1.13E+05 1.53E+04
P07360 3 162.9 0.05 1.44 | Complement component C8 gamma chain 9.52E+04 .63E604
P07357 2 121.76 0.03 1.38| Complement component C8 alpha chain 5.57H+04 .03E404
P01700 2 113.45 0.02 1.6 | Ig lambda chain V-I region HA 7.18E+(04 4.47B+0

Table 14.Differentially expressed proteins in autoimmunesus control samples. Control sample DS-178 wag aseeference run.



Autoimmune versus control- Anal

Sis 3

Accession Peptides Score Anova (p)f Fold Descriptio Average Normalised Abundances
Autoimmune All Controls

P02751 35 3096.62 0.03 1.58 Fibronectin 3.14E+07 4.80E+07
POCOL4 27 2157.02 0.05 1.3p Complement C4-A 5.43E+07 3.92E+07
P02768 25 2054.78 0.04 1.86 Serum albumin 2.53E+07 1.36E+07
P20742 22 1472.88 0.009 4.3p Pregnancy zone protein 306K+ 7.32E+05]
P06727 13 1084.59 0.07 1.5P Apolipoprotein A-IV 1.98E+07 1.31E+07
P02748 13 997.78 0.03 1.59 Complement component C9 5.88F+ 3.35E+06]
P04264 10 906.06 0.05 2.67 Keratin, type Il cytoskeletal 1 4.86E+05 1.82E+0%
P13645 10 685.93 0.04 3.24 Keratin, type | cytoskeletal 10 3.06E+05 9.45E+04
P35908 5 606.39 0.03 4.21 Keratin, type Il cytoskeletal epmal 7.93E+04 1.88E+0¢4
P01009 8 479.04 0.04 1.48 Alpha-1-antitrypsin 9.45E+05 6.40E+0%
Q06033 7 407.35 0.01] 1.7% Inter-alpha-trypsin inhibitor hgatain H3 2.23E+04 1.27E+05
P51884 5 335.57 0.01 2.06 Lumican 2.87E+05 1.39E+0%
P10643 4 283.97 0.02 2.26 Complement component C7 8.63H+05 3.81E+05
Q15848 3 265.93 0.02 1.81 Adiponectin 2.57E+06 1.42E+0¢
P07357 3 170.49 0.006 1.39 Complement component C8 alphia cha 9.01E+04 6.50E+04
P02671 2 165.21 0.03 1.63 Fibrinogen alpha chain 9.25E1+04 51H+05
P04220 2 134.48 0.02 16.64 Ig mu heavy chain disease protein 2.01E+03 3.35E+04

Table 15.Differentially expressed proteins in autoimmunesus control samples. Control sample DS-39 was asedference run.
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Appendix D

Metabolomics serum study raw data
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Figure 1. Box and whisker plots of all significantly differebiochemicals in disease- newly diagnosed tygmbietes, compared to
control- healthy specimens. Box and whisker plaasthe distribution of the dataset. The mediarncimgs the middle of the data, with
50% of the data being above and 50% below thisevalpper quartile indicates 25% of the data is alibis value, while the lower

guartile indicates that 25% of the data is below Halue.

CVvI



Appendix E

Publications
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Publications:

Journal Articles:

- Hennessy E., Clynes M., Jeppesen P.B., O'Driscoll L. 2010
Identification of microRNAs with a role in glucosestimulated insulin
secretion by expression profiling of MING cellsBBRC 396(2):457-62

— Hennessy E.O’'Driscoll L. 2008.Molecular medicine of microRNAs:
structure, function and implications for diabetes Expert Rev Mol
Med 10:e24

Book Chapters:
— Hennessy E.,O'Driscoll L. 2011 MicroRNA expression analysis:
Techniques suitable for Studies of Intercellular ad Extracellular
MicroRNAs. Methods Mol Biol 784:99-107

Conference presentations

— Hennessy E.Doolan P., Aherne S., Clarke C., Clynes M., O'sah F.
Gene expression changes associated with differertt@a of human
IPS cells to definitive endoderm in 3D culture Stem cells in
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