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ABSTRACT

Objective: Studies on generation of pancreatic beta cell-like insulin-producing cells
(IPCs) from induced pluripotent stem cells (iPSCs) aim to compensate for beta cell
destruction/dysfunction in diabetes. Pancreas or islet transplantations are frequently
associated with disadvantages such as insufficient number of donors and requirement for
immunosuppression. Although exogenous insulin administration is life-saving, it is still
not considered optimal, with possible long-term complications. IPCs generated from
iIPSCs originating from individuals’ own cells have a great potential to provide an infinite
beta cell source and eliminate/reduce requirement for immunosuppression; however,
optimally efficient and safer strategies are still needed. In our study, we aimed to generate
beta cell-like IPCs from IPSCs via an improved approach.

Method: We used small molecules activating key signaling pathways throughout beta cell
development and the TNF-Related Apoptosis-Inducing Ligand (TRAIL) molecule, the
protective effect of which is frequently reported in diabetes. iPSC characterization was
done via confirmation of morphological criteria and pluripotency, along with mycoplasma
analysis. We identified three different stages (definitive endoderm, pancreatic
differentiation, and differentiation into beta cell-like IPCs) via immunocytochemical
stainings for specific markers and insulin ELISA assay for detection of the insulin release.
Results: We obtained IPCs from human iPSCs via use of specific small molecules and
STRAIL. Differentiation into three distinct stages of beta cell-like IPCs were confirmed
by expression of Sox17 and FoxA2 (definitive endoderm); PDX-1 and insulin (pancreatic
differentiation); and PDX-1, insulin, NeuroD1, Pax6, and Islet-1 (differentiation into
IPCs). Significantly increased insulin secretion was evident by STRAIL application.
Conclusion: The combined approach of IPC generation used in our study may be useful
as an improved strategy, with enhanced insulin secretion in cells in response to different
doses of STRAIL stimulation.

Keywords: Induced pluripotent stem cells, Insulin-producing cells, TRAIL



OZET

Amag: Uyarilmis pluripotent kok hiicrelerden (uPKHler) pankreatik beta hiicresi benzeri
insiilin iireten hiicre (IUH) olusturulmasin1 hedefleyen c¢alismalar, diyabette beta hiicre
yikiminin/disfonksiyonunun  telafisini  amaglamaktadir. Pankreas veya adacik
transplantasyonlari, yetersiz dondr sayist ve immun baskilama gerekliligi gibi
dezavantajlarla iliskilendirilmektedir. Ekzojen insiilin uygulamasinin da, hayat kurtarici
nitelikte olmasina ragmen optimal diizelme saglayamadigi, ve muhtemel uzun dénem
komplikasyonlar1 engelleyemedigi bilinmektedir. Bireylerin kendi hiicrelerinden elde
edilen uPKHIlerden olusturulan iUHlerden sinirsiz beta hiicre kaynagi elde edilebilme
olasiligr ve immun baskilama gerekliliginin ortadan kalkma/azalma potansiyeli heyecan
yaratmaktadir; ancak optimum diizeyde etkin ve daha giivenli yaklasimlarin gerekliligi de
bilinmektedir. Calismamizda, iyilestirilmis bir protokolle uPKHlerden beta hiicre-benzeri
[UHler elde edebilmeyi hedefledik.

Yontem: IUH eldesinde, beta hiicre olusum siirecinde anahtar sinyal yollarmni aktive ettigi
bilinen spesifik kii¢iik molekiiller ve diyabette koruyucu etkisi gosterilmis olan TNF-
Related Apoptosis-Inducing Ligand (TRAIL) molekilini kullandik. uPKHIerin
karakterizasyonlari, morfolojik kriterlerin ve pluripotensinin dogrulanmasi ve
mikoplazma analizi ile gergeklestirildi. IUH eldesindeki ii¢ farkli asama (definitif
endoderm, pankreatik farklilasma, ve beta hiicresi benzeri [UHIlere farklilasma), spesifik
belirtegler igin immunositokimyasal boyamalar ve insiilin saliniminin belirlenmesi i¢in
insiilin ELISA analizi ile dogruland.

Bulgular: Spesifik kiigiik molekiillerin ve sSTRAIL’1n kullanildig: bir protokolle insan
uPKHlerinden 1UHler elde ettik. IUH olusumundaki farkli asamalar, Sox17 ve FoxA2
(definitif endoderm); PDX-1 ve insulin (pankreatik farklilagsma); ve PDX-1, insulin,
NeuroD1, Pax6 ve Islet-1 (IUHlere farklilasma) ekspresyonlari ile dogrulandi. sSTRAIL
uygulamasi ile insiilin saliniminda énemli artig gozlendi.

Sonug: Calismamizda kullandigimiz kombine protokol, insiilin saliniminin sTRAIL ile
artirildig: giiclendirilmis bir yaklagim olarak yararl olabilir.

Anahtar Kelimeler: Uyarilmis pluripotent kok hiicreler, Insiilin iireten hiicreler, TRAIL
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1. INTRODUCTION

Discovery of the ability of induced pluripotent stem cells (iPSCs) to differentiate into
various cell types in the human body has been a breakthrough for regenerative medicine
studies and in vitro disease modeling. Studies aiming generation of new insulin-producing
cell (IPC) sources using iPSCs gave birth to direct methodologies for differentiation of
IPSCs into IPCs with addition of small molecules to the culture at certain intervals
throughout beta cell development. In the early stages of embryogenesis, endoderm
develops as one of the three germ layers during gastrulation, and endocrine, ductal, and
exocrine portions of the pancreas originate from the definitive endoderm. Thus, formation
of beta cells from iPSCs starts with definitive endoderm formation, followed by pancreatic
differentiation, and finally generation of beta cell-like IPCs. Use of iPSCs for generation
of IPCs has many advantages. For instance, unlike allogeneic beta cells obtained via
pancreatic islet isolation from donated pancreases, IPCs generated from iPSCs originating
from the patients’ own cells are less likely to require immunosuppression. This option also
surpasses the enzymatic and mechanical stress to beta cells during islet isolation which
significantly affect graft survival. Yet although these processes have a great potential in
providing new beta cell sources, generation of IPCs from iPSCs are in fact methodologies
with low efficiency that are influenced by various factors, thus requiring improvement in

many different aspects.

We aimed to generate beta cell-like IPCs via use of a combination of approaches involving
specific small molecules and the TNF-Related Apoptosis-Inducing Ligand (TRAIL) in its
soluble form. TRAIL has been discovered as a member of the TNF superfamily in 1995,
and was associated in later studies with a protective role in diabetes among its other
functions, by works of our group and other researchers. Use of soluble TRAIL (STRAIL)
in our study in the final stage of IPC differentiation increased the insulin secretion, as a

significant finding.



2. LITERATURE REVIEW

2.1. The Human Pancreas: A General Look

Human pancreas is located on the posterior wall in the upper abdominal cavity, as an
elongated-shaped organ with a length of 12-25 cm in the adult, in close relation with the
duodenum, mesenteric vessels, stomach, and the spleen (Figure 2.1). It can be divided into
four parts as the head, neck, body and tail regions, and as a complex gland it includes two
morphologically and functionally distinct regions as the exocrine and endocrine pancreas.
The exocrine portion makes up the major part of the pancreas. It is composed of acinar
cells that produce digestive enzymes including trypsin, lipase, and amylase which are
secreted into the duodenum via a complex ductal tree. The islets of Langerhans,
constituting less than 2% of the pancreas as the endocrine portion, are scattered between
the clusters of acinar cells. While around 40-60% of the endocrine cells are beta cells
which produce insulin, the rest of the cells are composed of alpha, delta, pancreatic
polypeptide and epsilon cells, which secrete glucagon, somatostatin, pancreatic
polypeptide, and ghrelin, respectively. An average human pancreas is known to bear
around one million of these microorgans. Different signals triggered by autonomic nerves,
as well as circulating metabolites such as glucose, amino acids and ketone bodies, and
circulating and local hormones regulate islet functions (Atkinson, Campbell-Thompson et
al. 2020). Hormone release from the endocrine pancreas is regulated by the close relation
between the islets and the vascular cells, maintaining the delicate control of the glucose

homeostasis (Avolio, Pfeifer et al. 2013).
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Figure 2.1. Key anatomical properties of the human pancreas. (a) Gross anatomical image of the pancreas;
(b) Organisation of the endocrine and exocrine portions; (c) Four endocrine cell types in the human
endocrine pancreas (Atkinson, Campbell-Thompson et al. 2020).

2.2 Embryonic Development of the Pancreas: A Brief Summary

It is well known that all the cell types, tissues, and organs are derived from a single cell,
the fertilized egg. Throughout early development, following multiple cell divisions,
morphogen gradient interpretation takes place where cells respond to various signaling
molecules in a concentration-dependent manner (J.B Gurdon 1998). Gastrulation stage
appears as a key step in early embryonic development. As cells move inward at or near
the embryo surface, the single layered blastula reorganizes into three layers as the
ectoderm, mesoderm, and the endoderm, which form specific tissues and organs. The
pancreas, along with the other gastrointestinal organs, originate from the endoderm, and
is formed from the fusion of the dorsal and ventral pancreatic ducts (Figure 2.2). One
common progenitor cell is believed to give rise to all the cell types in the islets. Acini and
ductal cells appear as prominent structures before the islets of Langerhans become
apparent, after which the endocrine cell numbers rapidly start to increase, mainly via
ductal epithelial neogenesis. Endocrine cells in the human fetus start budding from the
ducts approximately at 10 weeks of gestation, where they contribute to the formation of



the functional endocrine pancreas throughout pregnancy, after which islet remodeling
takes place for around 4 years at least (O'Dowd and Stocker 2013).
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Figure 2.2. Differentiation of ES cells into pancreatic beta cells throughout the embryological development.
Pancreas originates from the definitive endoderm pattern which generates the gut tube. The dorsal and
ventral pancreatic buds arise from the endoderm, followed by induction and expansion of the pancreatic
epithelium, which gives rise to the endocrine progenitors (M 2010).

Genes that control cell differentation and cell fates throughout the embryonic development
of the pancreas are regulated by a network of specific transcription factors, some of which
are specific for certain stages whereas others are necessary in more than one stage

throughout endocrine cell development (Figure 2.3).
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Figure 2.3. Transcription factors regulating the formation of the pancreatic cells. Pancreatic progenitor cells
that give rise to all pancreatic cell types express PDX1 and/or Ptfla (O'Dowd and Stocker 2013).

2.3 Defining the Problem

Pancreatic beta cells are essential cells that make up 65-80% of the human pancreatic islets
(Thomsen and Gloyn 2014). They synthesize insulin and amylin, and take part in glucose
homeostasis in the body. Insufficiency of beta cells in mass and/or function is
characterized in the two main forms of diabetes, namely type 1 and type 2 diabetes (T1D
and T2D). In T1D, beta cells are destroyed by an autoimmune mechanism, while in T2D,
varying degrees of beta cell destruction are defined in proportion to the severity of insulin
resistance, which occurs due to factors such as genetic predisposition and obesity. The
pancreas in T1D is associated with insulitis, beta cell loss, and reduced pancreas size,
while increased amyloid deposition, reduced beta cell mass, and increased pancreatic fat
content are the characteristics of the pancreases of individuals with T2D (Atkinson,
Campbell-Thompson et al. 2020). It is emphasized that in both types of diabetes, increased
effectiveness of current treatment modalities, as well as development of novel therapeutic

approaches are necessary.

Exogenous insulin administration against insulin insufficiency developing as a
consequence of excessive beta cell destruction is known to be life-saving, yet does not

completely prevent complications related to diabetes (Shapiro, Lakey et al. 2000, Kondo,



Toyoda et al. 2018). Compensating for the progressive loss of beta cell mass with
pancreatic beta cell transplantation is currently defined as one of the most effective
methods for eliminating beta cell deficiency, but factors such as donor insufficiency and
necessity for immunosuppressive agent use are important problems that need to be

overcome in this treatment approach. Thus novel treatment modalities are needed.

Many different strategies for generating new beta cell sources have been developed
(Figure 2.4). Besides direct differentiation from pluripotent stem cells, beta cell-like
insulin-producing cells (IPCs) can be generated via various different approaches, such as
conversion of terminally differentiated non-pancreatic cells into IPCs which gave
successful results particularly with developmentally-related cells; conversion of non-beta
cells within the pancreas to IPCs which has been efficient with acinar, ductal, and alpha
cells; and also induction of inherent functional beta cell proliferation (Jing Shena 2013).
Of these, direct differentiation from pluripotent stem cells, namely embryonic stem cells
(ESCs) and induced pluripotent stem cells (iPSCs), are among the most promising
perspectives, though still with aspects that require improvement.
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Figure 2.4. Current strategies for IPC generation. (A) Direct differentiation of ESCs or iPSCs into IPCs.
(B) In vitro and in vivo reprogramming of MSCs, K cells, hepatocytes, oval cell and intrahepatic biliary
epithelial cells (IHBECSs) into IPCs. (C) Reprograming of non-beta cells to beta cell-like cells in the
pancreas. (D) Proliferation of the existing functional beta cells (Jing Shena 2013).



In this context, ESCs, which were first isolated from human embryos in 1989, and iPSCs,
that were obtained by reprogramming of differentiated cells by Yamanaka S. et al in 2006,
have created excitement with their pluripotent nature, thus potential to differentitate into
any cell type in human tissues. Due to ethical problems and the necessity of immune
suppression, which constitute important obstacles in studies/potential treatment
approaches related to ESCs, more studies in this field progressively started to focus on
IPSCs. Stem cells, which are responsible for the development and regeneration of tissues
and organs, are classified as unipotent, multipotent, pluripotent or totipotent, according to
their differentiation capacity. The ability of the pluripotent stem cells to regenerate and
transform into any cell type can be used to mimic the natural development of various
tissues constituting the human body. Studies aiming production of IPCs as new beta cell
sources accordingly utilize combinations of specific stimulators that activate or inhibit key
signaling pathways in pancreas development (Pagliuca, Millman et al. 2014). However,
the necessity to develop new/complementary approaches is still emphasized, by
elimination of deficiencies in the relevant experimental processes in particular to

efficiently generate cells that possess potent glucose-induced insulin secretion abilities.

2.4. Generation of Beta Cell-Like Insulin-Producing Cells from Pluripotent Stem
Cells: A Brief History

Development of efficient experimental procedures for IPC generation from pluripotent
stem cells involved many studies contributing to each critical stage throughout the
process. In a pioneering study, the stimuli required for the formation of the definitive
endoderm, followed by establishment of pancreatic progenitor cells, and finally the IPCs
were determined using human ESCs, and IPCs were created with 7% efficiency
(D'Amour, Bang et al. 2006). Another important development in this field was
differentiation of ESCs into the pancreatic endoderm, followed by conversion into
glucose-induced insulin-secreting cells in the in vivo setting, after transplantation into
mice (Kroon, Martinson et al. 2008). Upon this development, production of proliferative
and multipotent pancreatic progenitor cells could be achieved through combined
expression of PDX1 and NKX6-1 (Schulz, Young et al. 2012). Relevant studies continued
with various different strategies, and a significant work reported that IPCs established

7



from human ESCs were able to treat diabetes in diabetic mice within 40 days (Rezania,
Bruin et al. 2014).

Rezania et al. published a differentiation protocol in which they added vitamin C, protein
kinase C pathway activators, TGF-beta receptor inhibitors, and thyroid hormones
(Rezania, Bruin et al. 2014) (Figure 2.5). Focusing specifically on an AXL inhibitor, the
researchers reported that the use of this molecule increased the amount of MafA mRNA
and gave cells the ability to release glucose-sensitive insulin, and with this method, the
percentage of IPC yield was 50%. In another study, a 30% yield of IPCs with high
similarity to adult beta cells following a 5-week differentiation period was reported
(Pagliuca, Millman et al. 2014) (Figure 2.5). These cells were then implanted under the
renal capsule of immunodeficient mice and within 2 weeks began to release glucose-
sensitive insulin. The importance of this study was that the duration of the maturation
process following transfer of the cells to the in vivo setting, and initiation of their insulin
release afterwards was much shorter compared to other similar work. The use of
indolactam V for PDX1+ cells and vesicular monoamine transporter 2 inhibitors for
insulin+ cells, induced pancreatic lineage formation (Chen, Borowiak et al. 2009, Sakano,
Shiraki et al. 2014). Studies have also been conducted in which PDX1, Ngn3, and MafA
molecules, which are critical for beta cell development and differentiation, were
transferred to different cell types via Adenoviral vectors, to directly reprogram the cells
into beta-like cells (Akinci, Banga et al. 2012, Akinci, Banga et al. 2013, Yang, Akinci et
al. 2013). Results from all these studies have led to the emergence of direct methodologies
that can mediate differentiation of iPSCs into IPCs via addition of small molecules to the
culture at certain times, to induce the expression of critical molecules at critical stages for

beta cell formation (Kunisada, Tsubooka-Yamazoe et al. 2012).
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Figure 2.5. Comparison of a few different approaches used in differentiation of human pluripotent stem
cells into IPCs (Maja B.K. Petersen 2018).

Overall, the process of IPC generation from iPSCs can be divided in a more simple pattern
into three main parts: establishment of the definitive endoderm; pancreatic differentiation;
and generation of beta cell-like IPCs. Critical information obtained from various studies
revealed that particularly the formation of the PDX1+ pancreatic progenitors, which direct
formation of the pancreas from definitive endoderm, and the differentiation of PDX1+
cells into IPCs are critical steps in the differentiation process of iPSCs into IPCs
(Kunisada, Tsubooka-Yamazoe et al. 2012). Small molecules added at defined times
throughout the process differentiated iPSCs first into Sox17 and FoxA2+ definitive
endoderm, then into PDX1+ pancreatic progenitor cells, and finally into IPCs. In this
study, we have used a combined approach utilizing activin A and a GSK3beta inhibitor
for differentiation of iPSCs into definitive endoderm, followed by dorsomophin, retinoic
acid, and TGF-beta type 1 receptor inhibitor to induce pancreatic differentiation; and
forskolin, dexamethasone, AIK5 inhibitor, nicotinamide, and sodium cromoglycate for



generation of IPCs, also supported at this stage via TNF-Related Apoptosis-Inducing
Ligand application (Figure 3.1).

2.5. TNF-Related Apoptosis-Inducing Ligand and Its Protective Potential in Diabetes

TNF-Related Apoptosis-Inducing Ligand (TRAIL) is a member of the TNF superfamily,
discovered by two separate research groups in 1995 (Wiley, Schooley et al. 1995, Pitti,
Marsters et al. 1996). It is a transmembrane protein known to play an important role in
regulation of mechanisms associated with selective apoptosis in tumor cells, as well as
anti-inflammatory pathways. Unlike other TNF family members, it is widely expressed in
human tissues and has 5 different receptors to which it can bind. While four of these are
transmembrane receptors, one is a soluble receptor (OPG). Two of the transmembrane
receptors (TR-1/DR4 and TR-2/DR5) are death receptors; they contain death domains in
their cytoplasmic portion, and when TRAIL binds to these receptors, caspase-dependent
apoptosis is activated. TR-3/DcR1 and TR-4/DcR2 receptors are termed as decoy
receptors, which do not mediate apoptosis upon TRAIL binding (Griffith and Lynch
1998). All 4 transmembrane receptors also have the potential to trigger cell survival and

proliferation by activating intracellular anti-apoptotic pathways.

TRAIL’s widespread expression in human tissues and the fact that it has 5 different
receptors to which it can bind to indicated multiple roles to be attributed to this molecule
(LeBlanc and Ashkenazi 2003). TRAIL was shown to exert a proangiogenic effect on
primary human vascular endothelial cells (HUVECs) (Secchiero, Gonelli et al. 2004), and
induced survival and proliferation by activating the Akt and ERK pathways (Sheridan,
Marsters et al. 1997, Secchiero, Gonelli et al. 2003). Besides its apparent role in
endothelial cell physiology, this molecule also induced survival against proinflammatory
cytokine-mediated apoptosis, as well as triggering migration and proliferation pathways
in vascular smooth muscle cells (Secchiero, Zerbinati et al. 2004). In addition, when used
at low doses (1 ng/ml), soluble TRAIL molecule induced NF-kB activation, IGF1R
expression, and proliferation in primary human vascular smooth muscle cells (Kavurma,
Schoppet et al. 2008). Importantly, the proliferation-inducing effect of TRAIL in
endothelial and smooth muscle cells was accompanied by its protective effect on the same

cells.

10



A protective role is attributed to TRAIL in diabetes. T1D developed much earlier and
more severely than in normal mice after multiple low dose STZ administration in
C57BL/6 mice that did not express TRAIL (Lamhamedi-Cherradi, Zheng et al. 2003). Di
Bartolo et al. reported that TRAIL”" mice displayed many complications associated with
diabetes (Di Bartolo, Chan et al. 2011). Mi et al. treated islets isolated from 3-week-old
NOD mice with varying concentrations of recombinant soluble TRAIL, and reported no
apoptosis induction, unlike TNF-alpha and IFN-gamma that have a prominent apoptotic
effect on pancreatic beta cells (Mi, Ly et al. 2003). In a study conducted by our group, we
first provided high TRAIL expression in rat pancreatic islets with Adenoviral vectors.
Later, upon transplantation of the aforementioned islets to diabetic recipient rats, we
observed reduction in severity of insulitis, along with extended survival and enhanced
function in allografts (Dirice, Sanlioglu et al. 2009). These findings also indicate that
TRAIL may be part of a defense mechanism activated against the cytotoxic T
lymphocytes. Accordingly, TRAIL most likely prevented autoimmune inflammation in
the mentioned setting via cell cycle inhibition of the islet-infiltrating lymphocytes (Song,
Chen et al. 2000). In another study by our group, Cyclophosphamide (CY), used as a
diabetes-accelerating agent in NOD mice due to its suppressive effect on the immune-
suppressive Treg cells, also strongly suppressed the TRAIL ligand throughout the disease
course (Dirice, Kahraman et al. 2011). This provided additional proof supporting the
protective role of TRAIL on pancreatic islets. We have also recently reported a
proliferative effect of TRAIL on rodent pancreatic beta cells via Akt activation
(Kahraman, Yilmaz et al. 2021). Thus based on all these findings, we questioned whether

TRAIL would provide a beneficial effect in the course of IPC generation from iPSCs.
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3. MATERIALS AND METHODS

3.1 Characterization of the Induced Pluripotent Stem Cells (iPSCs) to be Used in

Generation of Insulin-Producing Cells (IPCs)
3.1.1. Morphological Characterization

The iPSC colonies were first morphologically characterized. Colonies with optimal

morphology consisted of rounded, packed cells with well-defined borders.
3.1.2 Confirmation of iPSC Pluripotency

3.1.2.1 Alkaline Phosphatase (AP) Live Staining

Reagents used:

-Alkaline Phosphatase Live Staining Kit (Thermo Fisher A14353)
-DMEM/F12 Medium (Stem Cell Technologies)

AP is an early phenotypic marker of pluripotent stem cells, and live staining is a preferred
method for confirmation of pluripotency as it does not perturb cell viability and allows
maintenance of pluripotency and proliferation. To start AP live staining, we first removed
the media from the wells and washed the cells twice with DMEM/F12 for 2-3 minutes.
Then media in the wells were aspirated and 1X AP live staining solution (containing 3 ul
of 500X AP live stain stock solution and 1.5 ul DMEM/F12) was added into each well,
followed by incubation at room temperature (RT) for 20-30 minutes. After the aspiration
of 1X AP live stain solution, the wells were gently washed with DMEM/F12 for 5 minutes.
This step was carried out carefully not to disturb the cells. Following visualization, we

replaced DMEM/F-12 medium with mTeSR™ Plus medium and continued the culture.
3.1.2.2 Tra-1-60 Live Staining

Reagents used:

- TRA-1-60 Alexa Fluor™ 594 Conjugate Kit for Live Cell Imaging (A24882)
TRA-1-60 is a cell surface antigen that is expressed in human pluripotent stem cells. This
kit was used in order to confirm Tra-1-60 expression in iPSCs as a method to test
pluripotency. The antibody solution was centrifuged for 2 min at 10.000 g and the
supernatant was collected. Following aspiration of the medium, cells were covered with
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the antibody solution at 1:50 dilution and incubated at 37°C for 30 min. Antibody solution
was then removed and cells were washed gently with FluoroBrite™ DMEM. Cells were
visualized within 30 min following this step.

3.1.2 Testing for Mycoplasma Contamination
Reagents used:
-MycoFlour Mycoplasma Detection Kit (Thermo, M-7006)

For mycoplasma detection from the culture media, 1 mL of cell culture medium sample
was collected and centrifuged at 1300 g for 10 minutes. The supernatant was transferred
into microfuge tubes and centrifuged at 12,500 g for 15 minutes. About 0.5 mL of the
medium was left in the tube and rest of the supernant was discarded. 26 pL of the 20X
concentrated MycoFluor reagent was then added into the microfuge tube. Lastly, 10 pL
of the stained medium was placed onto a clean microscope slide and covered with a clean
coverslip, followed by sealing with the coverslip sealant via a cotton swab and left for

drying for 10 seconds. The outcome was monitored under a fluorescent microscope.
3.2 Culturing and Passaging of the iPSC Colonies

Reagents and materials used:

-ReLeSR Solution (Stem Cell Technologies, 5873)
-mTeSR Plus Medium (Stem Cell Technologies, 5825)
-Rock Inhibitor (Y-27632) (Sigma, SCMQ75)
-Vitronectin XF (Stem Cell Technologies, 7180)
-D-PBS (Stem Cell Technologies, 37354)

-Non-tissue culture-treated 6-well culture plates

iPSC colonies were cultured in mTeSR medium on Vitronectin XF (V-XF), supplied with
fresh medium every two days, in the presence of Rock Inhibitor. Vitronectin is a suitable
matrix for feeder-free culture of pluripotent stem cells, compatible with various different
stem cell media such as mTeSR, E7, and E8. Rock Inhibitor (Y-27632) is the selective
inhibitor of Rho-associated coiled-coil containing protein kinase (ROCK). It helps with
the maintenance of iPSCs in culture (Davies, Reddy et al. 2000). For coating of each well

of a 6-well culture plate, V-XF was thawed at room temperature (RT) and diluted in Cell
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Adhere Dilution Buffer at a final concentration of 10 ug/mL. Following gentle mixing, 1
ml of the solution (40 uL V-XF/ml) was poured on a single well to cover the whole
surface, and incubated at RT for at least an hour. Following incubation, excess V-XF
solution was removed with the culture plate slightly tilted on one side. Before addition of
mTeSR medium for transfer of cells on to the matrix, each well was washed once with 1
ml Cell Adhere Dilution Buffer.

When the majority of the iPSC colonies become large, compact, and tend to merge with
each other in culture, they are assumed to be at the most favorable time for passage. iPSCs
require passaging every 4-5 days for large aggregates and 6-7 days for smaller aggregates.
Non-tissue culture-treated 6-well culture plates were coated with V-XF and incubated at
RT for at least an hour before use. mTeSR Plus medium was brought to RT. The mTeSR
medium was aspirated from the wells and cells were washed with 1 mL of D-PBS and
aspirated. 1 mL ReLeSR solution was added to each well and aspirated within 1 min,
followed by incubation at 37°C for 6-8 min. Following incubation, 1 mL mTeSR Plus
medium was added to each well and detached aggregates were collected with a 5 mL
serological pipette, followed by dissociation via pipetting up and down and transfer to
Vitronectin-coated wells. Plates were then placed into 37°C incubators and not disturbed

for 24 hours.

3.3 Dissociation of iPSC Colonies into Single Cells for Production of IPCs
Reagents used:
-Gentle Cell Dissociation Reagent (GCDR) (Stem Cell Technologies, 7174)

After incubation of the iPSC colonies in mTeSR™ Plus medium in the presence of 10 um
Rock Inhibitor (Y-27632) for 2 days, medium was aspirated from wells and 1 mL of
GCDR was added, followed by incubation at room temperature (RT) for 12 min. After
aspiration of the GCDR, 1 mL of mTeSR™ Plus medium was added and colonies were
detached by gentle scraping with a serological pipette. Cell aggregates were then
transferred into a 15 mL conical tube. The wells were rinsed with an additional 1 mL of
mTeSR™ Plus to collect the remaining cell aggregates. Colonies were dissociated by
pipetting up and down 5 or 6 times in a 15 ml conical tube with a 2 ml serological pipette.

Lastly, broken cell aggregates were counted and plated at a density of 6x10* per well into
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cell culture plates and 10 um Rock Inhibitor (Y-27632) was added. After 24 h incubation
at 37°C, mediums were replaced with mTeSR™ Plus containing 1% Penicillin-

Streptomycin.
3.4 Generation of IPCs from iPSCs

IPSCs generated from HEK293T cells were induced for differentiation into definitive
endoderm, pancreatic progenitor cells, and beta cell-like IPCs via a 3-stage protocol
including differentiation into definitive endoderm, pancreatic differentiation, and

generation of beta cell-like IPCs (Figure 3.1)

Differentiation into Pancreatic Generation of beta
definitive endoderm differentiation cell-like IPCs
DO D1 D3 D10 D19
L 1 | 1 1
I T T T I
RPMI, 2% RPMI, 2% FBS MEM, 1% B27 MEM, 1% B27
FBS Activin A Dorsomorphin Forskolin
Activin A Retinoic Acid Nicotinamide
CHIR99021 TGF-g RI inhibitor IT TGF-B RI inhibitor II

Sodium Chromoglycate
(-)/(+) STRAIL

Figure 3.1 The reagents used at different stages of IPC generation from iPSCs.

3.4.1 Differentiation of iPSCs into Definitive Endoderm
Reagents used:

- RPMI 1640 Medium (Gibco, 11875093)

- FBS (Phosphate-Buffered Saline)

- Human Recombinant Activin A (ABM, Z101665)

- GSK3beta inhibitor (CHIR99021) (BioVision, 1677-5)

Following reagents were prepared in 5 ml RPMI-1640 medium:
- 0.1 ml FBS (2%)

- 5pul of 0.1 mg/ml stock Activin A solution (100 ng/ml)

- 1.5 pl of 10 mM stock CHIR99021 solution (3 puM)

Cells were cultured for 24 hours in RPMI 1640 medium containing 2% FBS, 100 ng/ml
Activin A and 3uM CHIR99021. The following day cells were incubated with RPMI
medium containing 2% FBS in the presence of 100 ng/ml Activin A for 48 hours.
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3.4.2 Pancreatic Differentiation from Definitive Endoderm:

Reagents used:

MEM Zinc Option Medium (Thermo, A1048901)

B27 (Thermo 0080085SA)

Dorsomorphin (Sigma, P5499-5MG)

Retinoic Acid (Sigma, R2625-50MG)

TGF-beta RI inhibitor Il (AIKk5 inhibitor) (SB431542) (Sigma, 616452-2MG)

Following reagents were prepared in 5 ml iMEM Zinc Option Medium:

50 ul B27 (1%)

0.5 pl of 10 mM stock Dorsomorphin (1 puM)

1 pl of 10 mM stock Retinoic Acid (2 uM)

5 pl of 10 mM stock TGF-beta RI inhibitor 11 (SB431542) (10 uM)

RMPI medium was replaced with the improved MEM Zinc Option medium containing
1% B27, 1 uM dorsomorphin, 2 uM retinoic acid, and 10 uM SB431542. Cells were

cultured for 7 days and the medium were renewed every 2 days. Lastly, cells were kept in

Improved MEM Zinc Option medium containing 1% B27, for 1 day.

3.4.3 Differentiation of Pancreatic Progenitor Cells into Beta Cell-Like IPCs

Reagents used:

Forskolin (Sigma, F3917-10MG)

TGF-beta RI inhibitor 11 (AIK5 inhibitor) (Sigma, 616452-2MG)
Nicotinamide (10 mM) (Stem Cell Technologies, 7154)

SCG (Sodium Cromoglycate) (Sigma, S0750000)

Soluble TRAIL (sTRAIL)

Following reagents were prepared in 5 ml IMEM Zinc Option Medium:

5 ul each of 10 mM stock Forskolin, TGF-beta RI inhibitor, Nicotinamide
solutions (10 pM)

5 pl of 1 M SCG stock solution (10 mM)

STRAIL at specific concentration (1, 5, and 10 ng/ml)
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Four different media were prepared and cells were cultured in these media for 8 days.
STRAIL concentrations of 1, 5, and 10 ng/ml were used:

1) 10 uM forskolin, 10 uM dexamethasone, 5 uM AIK5 inhibitor 11, 10 puM nicotinamide
and 10 mmol/l SCG.

2) 10 uM forskolin, 10 pM dexamethasone, 5 UM AIK5 inhibitor 11, 10 pM nicotinamide
and 10 mmol/l SCG + 1 ng/ml sTRAIL.

3) 10 uM forskolin, 10 uM dexamethasone, 5 UM AIK5 inhibitor 11, 10 uM nicotinamide
and 10 mmol/l SCG + 5 ng/ml sTRAIL.

4) 10 uM forskolin, 10 pM dexamethasone, 5 uM AIK5 inhibitor Il, 10 pM nicotinamide
and 10 mmol/l SCG + 10 ng/ml sTRAIL.

3.5 Immunocytochemical Stainings for Conformation of the Definitive Endoderm

Formation, Pancreatic Differentiation, and Generation of IPCs

Solutions and Antibodies Used:
- Fixative Solution
4% Paraformaldehyde (PFA) was prepared. For this, 2 g of PFA was dissolved in 50
ml of PBS. 200 pl NaOH was added.

- Permabilization Solution (PBS-T)
For preparation of PBS-T, 20 pl of Tween 20 was dissolved in 20 ml PBS.

- Blocking Solution (1% BSA)
This solution was prepared by dissolving 500 mg of BSA in 50 ml PBS-T.

- Primary Antibodies:

PDX1 Rabbit polyclonal antibody, Abcam Ab47267

Insulin Rabbit polyclonal antibody, Bioss BS0862R

PAX6 Rabbit polyclonal antibody, Bioss BS11204R

NeuroD1 Mouse monoclonal antibody, Origene AM32710PU-N
SOX17 Mouse monoclonal antibody, Origene TA500044
FOXA2 Mouse monoclonal antibody, Origene TA500073
Islet-1 Mouse monoclonal antibody, Origene AM06335SU-N

- Secondary Antibodies:
Goat-anti mouse IgG alexa flour plus 555, Invitrogen A32727
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Goat anti rabbit 1gG alexa flour plus 488, Invitrogen A32731

Dissociated cells were fixed with 4% paraformaldehyde (PFA) for 20 min at room
temperature (RT). Fixed cells were permeabilized in PBS containing 0.1% Triton X (PBS-
T). After addition of the permeabilization solution and incubation for 15 minutes at RT,
permeabilization solution was removed and wells were washed with PBS-T:20 (PBS +
Tween 20). 1% BSA solution was used for blocking and the samples were incubated for
1 hat RT. In the meantime, primary antibody dilutions were prepared at 1/300 dilution in
1% BSA solution. 500 pl of diluted antibodies were added to the wells, wrapped with
aluminum foil and left for incubation at +4°C overnight (O/N). Primary antibodies were
then removed, and wells were washed three times for 5 minutes with PBS T:20. Secondary
antibody dilutions were prepared at 1/500 dilution and 500 ul of the dilutions were added
to the wells, followed by incubation at RT for 1 hour in the dark. Three 10-min PBS
washes were performed, and the samples were treated with 2 drops of DAPI per well in
500 ml PBS for 15 min at RT. Finally, the wells were washed with 1 ml of PBS, and 500

ml PBS were added to each well to visualize the stained cells.

3.6 Measurement of the Basal and sTRAIL-Induced Insulin and C-Peptide Secretion

Levels
Reagents used:

All solutions and well strips were equlibrated to room temperature (RT) before the
initiation of the experiment. Supernatants of IPC cultures treated with no STRAIL or 1, 5

or 10 ng/ml sTRAIL were collected prior to immunostanings.

- Insulin ELISA Kit (Abcam, ab100578)

By using assay diluent B, supernatants and the insulin standard were diluted according to
the manufacturer’s instructions. 100 pl of each supernatant and the standard samples were
added to wells and left to incubation for 2.5 hours. After the incubation, samples were
discarded. Wells were washed 4 times with 1X wash buffer. 100 pl of biotinylated insulin
detection solution were added to each well and incubated for 1 hour at RT on a rocker for
gentle shaking. Solutions were discarded and wells were washed 4 times with 1X wash

buffer. 100 pl of HRP-Streptavidin solution was added to each well and left for incubation
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on a rocker for 45 minutes. After discarding of HRP-Streptavidin, wells were washed with
1X wash buffer and in a dark room, 100 ul TMB One-Step Substrate Reagent was added
to each well and incubated on a rocker for 30 minutes. Following this step, 100 pl of stop
solution was added to each well and results were read at 400 nm immediately. For accurate
results, both standards and supernatants were added twice and average values were used.
Standart curve was plotted with x axis presenting the applied concentrations and y axis
presenting the absorbance values. An equation containing the dilution factor was
established and samples were calculated accordingly. Results of three separate

experiments were used for statistical analysis.

- C-Peptide ELISA Kit (Origene, EA101026)

100 pL of each standard and samples were dispersed into each well. 50 yL of the
Antiserum and 100 pL of the Enzyme Conjugate solution were added into each well and
mixed. The plate was left for incubation for 60 min in RT with gentle shaking. All the
wells were washed with 400 pL of wash solution per well. 100 pL of the Enzyme Complex
was added to each well and left for incubation with gentle shaking at RT. Wells were re-
washed via 400 pL of wash solution per well. 100 pL of Substrate Solution was dispersed
into each well and left for incubation for 20 min in a dark room at RT. Enzymatic reaction
was stopped by addition of 100 pL Stop Solution into each well. Absorbance was
determined by microtiter plate reader at 450 nm.

3.7 Statistical Analysis
One-Way Anova, Dunnett Multiple Comparison test was used in the Prism program from
GraphPad Software (San Diego, CA) for statistical analysis. P value analysis for each

experiment is given in the figure legends (Fig. 4.9 - 4.10)
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4. RESULTS

4.1 Induced Pluripotent Stem Cells (iPSCs) were cleaned off from the differentiated
cells, morphologically characterized, and expanded:

The emerging iPSC colonies may often have differentiated cells around the
undifferentiated core colonies, which have to be cleared off to obtain pure masses as
starting materials for acquisition of Insulin Producing Cells (IPCs) (Figure 4.1 A, B). This
can be done via manual methods, enzymatic methods, or non-enzymatic methods. We
used the non-enzymatic ReLeSR solution to clean the pluripotent colonies from the
differentiated cells and passaged the pluripotent colonies into new culture wells several
times as aggregates before dissociating them into single cells. Morphological
characterization of the iPSC colonies were done at this stage on the basis of colonies that

consisted of rounded, packed cells with well-defined borders (Figure 4.1. C, D).

Figure 4.1. Passaging of iPSC colonies via ReLeSR solution. (A, B): Colonies before passaging with
ReLeSR; (C, D): Colonies following ReLeSR treatment, with rounded and packed cells.
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4.2 Pluripotency of the induced pluripotent stem cells (iPSCs) was confirmed via
Alkaline Phosphatase (AP) and Tra-1-60 Live Stainings

To confirm the pluripotency of iPSCs to be used in IPC generation, we performed Alkaline
Phosphatase (AP) and Tra-1-60 live stainings. Our colonies expressed substantial levels

of AP and Tra-1-60, which are among the key pluripotency markers (Figure 4.2).

AP TRA-1-60

Figure 4.2. Alkaline Phosphatase (AP) and Tra-1-60 live stainings of iPSC colonies.

4.3 iPSC colonies tested negative for mycoplasma

Testing for possible mycoplasma contamination is one of the common characterization
methods applied in iPSC colonies. We tested the iPSC colonies to be used in generation
of IPCs for mycoplasma contamination and confirmed that our colonies did not contain

mycoplasma (Figure 4.3).

Figure 4.3. Results of mycoplasma analysis. (A) Mycoplasma-positive reference photomicrograph; (B)
Mycoplasma-free reference photomicrograph (C) Images from mycoplasma analysis in our iPSC cultures.

4.4 iPSC colonies were dissociated into single cells for generation of IPCs

To start the differentiation, iPSC colonies were dissociated into single cells with the help
of Gentle Cell Dissociation Reagent (GCDR) (Figure 4.4). Dissociated cells appeared
either as single cells or two-three cell groups, which gave us the approppriate starting

material for IPC generation.
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Figure 4.4. Dissociation of iPSC colonies using GCDR. (A) An iPSC colony before dissociation, (B) iPSC
colony dissociated into single cells prior to initiation of the experimental procedures for generation of IPCs.
4.5 iPSCs were differentiated into definitive endoderm

Generation of cells positive for the endodermal markers Sox17 and FoxAZ2 is directive
when determining the success of definitive endoderm differentiation. Activin A functions
as a hormone, growth factor, and a cytokine, which has a high physiological importance
in humans with an important role in cell differentiation. Activin/Nodal signaling is
required for definitive endoderm generation from pluripotent stem cells (McLean,
D'Amour et al. 2007). Inhibition of the Wnt/beta-catenin signaling pathway in the early
embryonic period is also known to be required for pancreatic specification (Murtaugh
2008). Since aspects of this pathway are known to be mimicked by GSK3beta activity,
GSK3beta inhibitor (CHIR99021) is recommended as also an effective molecule
throughout this process (Doble and Woodgett 2003). Use of these two molecules together
successfully generated definitive endoderm from human iPSCs, which accordingly
stained positive for both Sox17 and FoxA2 definitive endoderm markers. We observed

single cells at this stage, as well as cell groups (Figure 4.5).

| - K
| n“

Figure 4.5. Confirmation of definitive endoderm formation. (A, D): Bright field images of the differentiated
iPSCs at the definitive endoderm stage; (B, E): DAPI images of the differentiated cells. (C): Definitive
endoderm cells stained positive for SOX17; (F): Definitive endoderm cells stained positive for FOXA2.
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4.6 Pancreatic differentiation was induced from definitive endoderm

Pancreatic differentation constitutes a further step in generation of beta cell-like IPCs. We
exposed cells at the definitive endoderm stage to retinoic acid, dorsomorphin, and TGF-
beta type 1 receptor inhibitor (SB431542) to induce pancreatic differentiation. Retinoic
acid, while inducing the formation of endocrine progenitor cells, also supports
differentiation into beta cell-like cells (Ostrom, et al. 2008). Dorsomorphin contributes to
pancreatic differentiation via blocking of the BMP signaling pathway, and is known to be
more effective in the mentioned process compared to Noggin, also being a more stable
molecule. TGF-beta type 1 receptor inhibition (SB431542), when administered together
with dorsomorphin and retinoic acid, increased pancreatic differentiation (Kunisada et al.
2012). Cells at this stage stained positive for insulin and PDX1 (Figure 4.6).

BF Insulin PDX-1

Figure 4.6. Immunocytochemical stainings of pancreatic progenitors for insulin and PDX-1 expressions.
BF: Bright Field

4.7 IPCs were established from pancreatic progenitor cells

Different signaling pathways are thought to be active in efficient differentiation of PDX1+
cells into IPCs. Combined use of forskolin, dexamethasone, and Alk5 inhibitor 11 has been
reported to increase insulin production. Forskolin is an adenylate cyclase activator that
increases CAMP rates. High intracellular cAMP levels are thought to contribute to the
differentiation of PDX1+ cells into IPCs (Kunisada, Tsubooka-Yamazoe et al. 2012).
Inhibition of the endogenous TGF-beta pathway with AIKS inhibitor 11 at this stage has
also been reported to increase the yield of IPCs (Kunisada, Tsubooka-Yamazoe et al.
2012, Kondo, Toyoda et al. 2017). The effectiveness of this protocol was observed to
increase a great deal with addition of sodium cromoglycate (SCG), which inhibits the bone
morphogenetic protein 4 signal (Kondo, Toyoda et al. 2017). Cells at this stage stained
positive for PDX1, NeuroD1, Pax 6, insulin, and Islet-1 (Figure 4.7).
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Figure 4.7. Immunocytochemical stainings of IPCs differentiated from pancreatic progenitors.

We have also tested the effect of TNF-Related Apoptosis-Inducing Ligand (TRAIL) at its
soluble form on insulin and c-peptide secretion from the IPCs generated. TRAIL is known
for its protective effect on pancreatic beta cells and an antidiabetic effect in development
of both type 1 and type 2 diabetes in corresponding animal models. We have shown
recently that TRAIL also stimulates beta cell proliferation (Kahraman, Yilmaz et al.
2021). TRAIL may be exerting its such protective/antidiabetic/proliferative effects in a
variety of ways. To test if it affects insulin production and release, we applied increasing
concentrations of STRAIL at the final (third) stage of IPC generation, in addition to other
small molecules specific for this stage (Figure 4.8). The amounts of insulin and c-peptide
synthesized to the culture medium following sSTRAIL applications as well as the basal
insulin and c-peptide levels were measured by ELISA analysis. Production/release levels
of insulin and c-peptide from IPCs increased with increasing concentrations of STRAIL

applied (Figure 4.9 and figure 4.10).
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Figure 4.8. Insulin positive cells resulting from experimental settings which included or did not include

STRAIL application
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Figure 4.9. Insulin levels released to the culture medium following sTRAIL applications.
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Figure 4.10. C-peptide levels released to the culture medium following STRAIL applications.



5. DISCUSSION

Pancreatic islets are crucial endocrine microorgans for glucose homeostasis in the body,
with the highly specialized cells they include, which secrete vital hormones in response to
different stimuli. The essential balance in the islet functions is disrupted upon autoimmune
attack or gluco- and lipotoxicity, leading to serious complications such as diabetes. In this
regard, accumulating the necessary knowledge for generation of novel beta cell sources
to compensate for the beta cell loss in different settings constitutes a highly significant
target of scientific research, where studies with pluripotent stem cells have recently taken
the center stage. Pluripotent stem cell-based studies accordingly hold great promise for
regenerative medicine. Introduction of the induced pluripotent stem cells (iPSCs) was a
breakthrough achieved by Yamanaka and colleagues in 2006, quickly surpassing
embryonic stem cells (ESCs) with the several advantages they provide. iPSCs brought
excitement to many different fields of study by combining the advantages of adult stem
cells with the unique properties of ESCs, reflected in their high potential of differentiation

and self-renewability along with low immunogenicity (Martin 2017).

IPSCs can be differentiated into beta cell-like insulin-producing cells (IPCs) by ectopic
expression of a series of defined factors, for research or treatment purposes, as well as for
identification of novel targets for antidiabetic drug development. Several studies have
reported generation of IPCs from pluripotent stem cells via stepwise protocols mimicking
pancreatic development (Kunisada, Tsubooka-Yamazoe et al. 2012, Maja B.K. Petersen
2018). One of the main concerns in such protocols is emphasized as establishment of
efficient and stable protocols eliminating the need for complicated processes. In our study,
we have referred mainly to a protocol by Kunisada et al. reporting a stepwise process for
differentiation of human iPSCs into IPCs via use of specific small molecules (Figure 3.1)
(Kunisada, Tsubooka-Yamazoe et al. 2012). We combined this protocol with use of a hit
compound, sodium cromoglycate, reported by Kondo et al. to improve generation of
pancreatic endocrine cells (Kondo, Toyoda et al. 2018). Each small molecule used in
different approaches for IPC production has its own contribution to the IPC generation

process, with new small molecules likely to be discovered that will improve the current
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strategies further. We have tested the TNF-Related Apoptosis-Inducing Ligand (TRAIL)
as a newly introduced molecule to such protocols, and observed that increasing doses of
TRAIL applied in the third stage of our protocol provided enhanced insulin release by the
IPCs generated, compared to the basal levels measured (Figure 4.9). Yet fully functional
beta cell-like IPCs will only be confirmed after glucose-induced insulin secretion analysis,
which we will be applying to the IPCs to be generated in our ongoing experimental
procedures to obtain adequate number of cells for further analyses. Also, comparison of
this strategy with results form a beta cell line such as NIT-1 and/or MIN6 will provide

more information regarding versatility of this approach.

Although studies predominantly point out to a protective role for TRAIL in diabetes, many
issues, including the mechanism of this benefit is still to be clarified. TRAIL has been
referred to in various studies related to obesity and diabetes (Harith, Morris et al. 2013).
It is a molecule that stood out from all other members in the TNF superfamily, shortly
after its discovery with its potential to induce selective apoptosis in many transformed
cells, the fact that its mMRNA is widely expressed in human tissues, and that it does not
exert a toxic effect upon systemic administration (Guimaraes, Gaglione et al. 2018).
Studies revealing significant results such as earlier and more severe development of type
1 diabetes (T1D) in mice in the absence of TRAIL and various diabetes-related
complications reported in whole body TRAIL™ mice brings out the question regarding the
mechanisms behind the anti-diabetic actions of TRAIL (Lamhamedi-Cherradi, Zheng et
al. 2003, Di Bartolo, Chan et al. 2011). We have observed that increased doses of TRAIL
enhanced insulin and c-peptide secretion by IPC cells, the mechanism of which remains
to be investigated. This appears as a significant finding that may contribute to

understanding of the protective actions of TRAIL in the diabetic setting.

The process of IPC production from iPSCs is divided in recent studies in a simple pattern
of three main parts: differentiation into definitive endoderm, pancreatic differentiation,
and further differentiation into IPCs. We also followed the same pattern in our study, and
successfully generated IPCs, with completion of the critical steps of differentiation into
definitive endoderm followed by generation of PDX1-positive pancreatic progenitor cells

and formation of IPCs. For the initial stage of differentiation into the definitive endoderm,
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we cleaned off the possibly differentiated cells around the iPSC colonies, for
synchronization of the cells at the pluripotent stage, also confirmed by the Alkaline
Phospatase and Tra-1-60 live stainings (Figures 4.1 and 4.2). Live staining gave us the
opportunity to continue our iPSC cultures without terminating the cultures, as the stains
used in live staining are cleared off from the cultures within a short time. Furthermore, as
an important indication of healthy cells, our starting cells did not contain any mycoplasma
(Figure 4.3). Mycoplasma analysis is considered as a means of characterization for iPSCs
for testing of their suitability for use in subsequent processes. Our colonies were also
dissociated into single cells for even exposure to the small molecules used in the further
processes, yet single cells as well as cell groups were also evident in our cultures following
this step, which did not affect confirmation of any three stages of differentiation (Figure
4.4-4.7).

We Dbelieve it is also significant that the IPCs generated in our study have the potential to
be used in disease model sytems. In a significant portion of human diseases, including
diabetes, it is difficult to get access directly to patient tissues and many problems occur
with the culturing processes. Establishment of well-designed in vitro disease models is
also important in its potential to decrease the need for animal models. In fact, more
improved disease models may be formed with IPCs differentiated from iPSCs generated
from primary cells belonging to the patients bearing known or unknown mutations related
to diabetes. iPSCs have been established from individuals with diabetes-related diseases
such as the Mature Diabetes of the Young (MODY'5s), insulin receptor mutations, Wolfram
syndrome, diabetic foot ulcers, etc., which reflect the features of the various underlying
complications (Kondo, Toyoda et al. 2017). Overall, IPCs generated from iPSCs are
considered to have the potential to consitute very improved disease models of diabetes
particularly if they are used as a part of a model system where they are organized together

with other cells that have a role in the diabetic setting, such as the immune cells.

Thus we have generated IPCs from iPSCs via a combined improved approach with the
TRAIL molecule tested for the first time within such a protocol pattern. Although with
limitations, we believe that results of our study may be useful as a starter setting to be
improved towards generation of fully functional IPCs, which may also be used in

optimized disease model systems.
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6. CONCLUSION and SUGGESTIONS

Induced pluripotent stem cells (iPSCs) which highly resemble embryonic stem cells
(ESCs) in many aspects, can be established form adult somatic cells via direct
reprogramming. Studies with iIPSC technology has the potential to contribute greatly to
development of novel gene and cell therapies. Generation of beta cell-like insulin-
producing cells (IPCs) from iPSCs constitute a significant area of research in this regard,
with the potential to provide the beta cell source necessary to compensate for the beta cell
loss evident in various diabetes settings. In our study we successfully generated IPCs by
introduction of spesific small molecules triggering the required differentiation steps
starting from formation of the definitive endoderm, followed by pancreatic differentiation
and finally generation of beta cell-like IPCs which expressed insulin, PDX1, PAXG,
NeuroD1 and Islet-1.

This strategy, if also proves successful in iPSCs originating from primary human cells,
will have the potential to be tested in generation of autologous IPCs as well. Autologous
IPCs are correlated with many advantages over allogeneic beta cells obtained via
pancreatic islet isolation from donated pancreases, via surpassing enzymatic and
mechanical stress and possibly also the requirement for immunosuppression (Sanlioglu
2016)(Schuetz, Anazawa et al. 2018). The fact that the number of beta cell-like IPCs to
be transplanted may be adjusted would also be advantageous. Overall, optimally efficient

and safer approaches are still needed.

Our combined approach may be useful in further improvement of IPC generation

protocols from iPSCs.
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