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ABSTRACT

MATERNAL OBESITY EFFECT ON OFFSPRING PANCREATIC
ENDOCRINE CELLS:
INVESTIGATION OF THE CELL TRANSDIFFERENTIATION PROFILE
THAT CAUSES DIABETIC SUSCEPTIBILITY

Feyat, Mehmet Sedat
Doctor of Philosophy, Biotechnology
Supervisor: Assoc. Prof. Dr. Tulin Yanik
Co-Supervisor: Assoc. Prof. Dr. Salih Ozcubukcu

June 2022,147 pages

In general, Type 2 Diabetes (T2D) is a disease characterized by impaired functioning
of pancreatic beta cells and progressive insulin hormone deficiency progressively in
combination with physiologically ongoing insulin resistance. In the later stages of the
disease, beta cell dysfunction is defined as beta cell death and a decrease in functional
cell count. It is a common clinical finding in patients with T2D that therapeutic drugs
lowering insulin resistance and diet in the course of the disease treatment cause
increased levels of insulin secretion in the patients and thus increased functional beta
cell population. From the literature view, it has been observed that apoptotic cell death
does not occur in adult mouse pancreatic beta cells exposed to obesity-sourced
hyperglycemia, and these cells undergo dedifferentiation and transform into progenitor
cells or other pancreatic endocrine cell types. However, maternal obesity induced
human or animal pancreatic transdifferentiation in young offspring has not been
studied up to date. Our proposed hypothesis was that obesity-induced hyperglycemia
in the mother may cause dedifferentiation and/or transdifferentiation in offspring

pancreatic beta cells.



In this thesis, the effect of predisposition to diabetes pathology on the pancreas of
offspring produced by the mother's cafeteria diet (CAF) was investigated via
pancreatic beta cell dedifferentiation and transdifferentiation. We have obtained
pancreases of 0, 20, 90 days old Wistar rat offspring whose mothers had diet-induced
obesity via CAF. Later, the diabetic tendency of juvenile rats was evaluated according
to the glucose-stimulated insulin release test using the islet cells isolated from the
pancreas tissues of offspring. Viability rates of isolated pancreatic islet cells were
analysed by appropriate viability tests (FDA / P1 staining) to determine the quality of
the cell isolation performed. To examine the morphological change in pancreatic
tissues between groups, the frozen pancreatic tissue sections of offspring were
histologically examined using hematoxylin-eosine staining. Pancreatic tissue
specimens were also stained with glucagon antibodies to determine cell characteristics
for dedifferentiation in the mother subjects using immunohistochemistry.
Additionally, RT-gPCR analysis was performed so that the transformation profiles of
the pancreatic cells were determined at the gene expression level. Examined gene
expressions were Neurogenin 3, Pancreatic and duodenal homeobox 1, Insulin,
Somatostatin, Glucagon, Forkhead box O1, Chromogranin A, and Vimentin.
Alongside the RT-qPCR analysis, full-genome transcriptome analysis was performed
to clarify the transformation profile. Using Western blot analysis of insulin protein
expression in the pancreas tissues, dedifferentiation was partially presented at the
protein level. When the results of all experiments were considered, it was demonstrated
that maternal obesity may affect the dedifferentiation of pancreatic beta cells in
offspring and had a predisposing effect for diabetes. In conclusion, it was believed that
physiological stress caused by a maternal metabolic disorder may cause a
predisposition to the same metabolic disease in offspring through cellular

transformation mechanisms.

Keywords: Diabetes, Maternal Obesity, Pancreatic beta cell, Transdifferentiation,

Dedifferentiation
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MATERNAL OBEZITENIN YAVRU PANKREAS ENDOKRIN HUCRELERI
UZERINDEKI ETKISI:
DiYABETIK YATKINLIGINA YOL ACAN HUCRE TRANSDONUSUM
PROFILININ ARASTIRILMASI

Feyat, Mehmet Sedat
Doktora, Biyoteknoloji Bolimii
Tez yoneticisi: Dog. Dr. Tiilin Yanik
Ortak tez yoneticisi: Dog. Dr. Salih Ozg¢ubuk¢u

Haziran 2022, 147 Sayfa

Tip 2 Diyabet (T2D) fizyolojik olarak devam eden insiilin direnciyle birlikte progresif
bir sekilde pankreatik beta hiicrelerindeki fonksiyon bozuklugu ve ilerleyen déonemde
insiilin hormonu Yyetersizligi ile karakterize edilir. Hastaligin ilerleyen doneminde beta
hiicre fonksiyon bozuklugu, beta hiicre 6liimii ve fonksiyonel hiicre sayisindaki diisiis
olarak tanimlanmaktadir. Bununla birlikte hastalara uygulanan tedavi siirecinde
insiilin direncini diisiiriicii terapotik ilag, diyet gibi uygulamalarla hastalardaki insiilin
salilim seviyelerinde normallesme ve dolayisiyla azalan fonksiyonel beta hiicre
popiilasyonunda artig, T2D vakalarinda sik rastlanan klinik bir bulgudur. Literatiirde,
obeziteden kaynakli hiperglisemiye maruz kalan yetiskin fare pankreatik beta
hiicrelerinde apoptotik hiicre Sliimiiniin ger¢eklesmedigi, bu hiicrelerin transdoniisiim
ve dediferansiyasyona ugrayarak progenitor hiicre veya diger pankreatik endokrin
hiicre tiplerine doniistiigii gosterilmistir. Literatiirde maternal obezite kaynakli yavru
donemine ait pankreatik transdonlisim ya da dediferensiyasyon ¢aligmalarina
rastlanmamustir.  Onerilen projedeki hipotezimiz, anneye ait obezite kaynakli
hipergliseminin  yavru  pankreatik beta hiicrelerinde transdoniisim  ve

dediferansiyasyona neden olmasidir.

Vil



Bu ¢aligmada, Wistar sicanlarda anneye ait kafeterya diyetiyle (KAF) olusturulan
obezite kaynakli hipergliseminin yavru pankreaslar1 iizerinde diyabet patolojisine
yatkinlik etkisi pankreatik beta hiicrelerinin transdoniisiim ve dediferansiyasyonu
lizerinden arastirilmistir. Onciil deneylerimizle KAF ile obezite olusturulan annelerden
dogan ve siit verme siirecinden sonra normal fare yemiyle beslenen 0, 20, 90 giinliik
yavrularin ve annelerinin pankreaslar1 elde edilmistir. Daha sonra yavru si¢anlarin
diyabet egilimi, bu hayvanlarin pankreas dokularindan izole edilen adacik hiicreleriyle
yapilan glukoz stimiilasyonlu insiilin salinim testi sonuglarina gore belirlenmistir.
Izole edilen pankreas adacik hiicrelerinin canlilik oranlari, gerceklestirilen hiicre
izolasyonunun kalitesini belirlemek i¢in uygun canlilik testi (FDA / PI boyama) ile
analiz edilmistir. Gruplar arasinda pankreas dokularindaki morfolojik degisimi
incelemek i¢in donmus pankreas dokusu kesitleri hematoksilen-eozin boyama teknigi
kullanilarak histolojik olarak incelenmistir. Anne pankreas doku drnekleri hormonal
diizeyde farklilasma diizeyinin belirlenebilmesi i¢in glucagon spesifik antikor
kullanilarak boyanmis ve immiiniihistokimya ile analiz edilmistir. Ek olarak,
hiicrelerin transdoniisiim profillerinin gen ekspresyon seviyesinde belirlenmesi i¢in
RT-gPCR analizi uygulanmistir. incelenen gen ifadeleri Neurogenin 3, Pankreatik ve
duodenal homeobox 1, Insulin, Somatostatin, Glukagon, Forkhead box O1,
Chromogranin A ve Vimentin genlerine aittir. RT-qPCR analizinin yani sira, doniisiim
profilini netlestirmek icin tam genom transkriptom analizi yapilmistir. Pankreas
dokularinda insiilin protein ekspresyonlarinin Western blot analizi ile protein
ekspresyon seviyesinde kismen dediferansiasyonu isaret etmistir. Yapilan tiim
deneylerin sonuglarina gore, maternal obezitenin yavrularda pankreas beta
hiicrelerinin farklilagmasina neden oldugu ve diyabet yatkinligina sebep olan bir etkiye
sahip oldugu gosterilmistir. Sonug olarak, maternal bir metabolik bozuklugun neden
oldugu fizyolojik stresin, hiicresel donilisiim mekanizmalar1 yoluyla yavrularda ayni

metabolik hastaliga yatkinliga neden olabilecegine inanilmaktadir.

Anahtar Kelimeler: Diyabet, Obez anne, Pankreatik beta hiicresi, Transdoniisiim,

Dediferansiyasyon
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CHAPTER 1

1. INTRODUCTION

1.1. Diabetes Mellitus

Diabetes mellitus (DM) commonly named diabetes is caused by insufficient insulin
production of pancreatic beta cells and body cell insulin resistance; also both can be
defined as a metabolic disorder (Chang-Chen et al. 2008). In the long-term period,
diabetes is a serious health problem with a high mortality rate, harming different
tissues including the heart, kidneys, blood vessels, and nerve tissue in patients (Skyler
et al. 2017). Particularly, T2DM has a 6.9% prevalence over the world according to
the International Diabetes Foundation (IDF) data of 2021 and higher prevalence in
more developed regions of the world. With the increasing rate of obesity and aging in
all populations, the rate of diabetes population increasing rapidly (Ogurtsova et al.
2022).

1.1.1. Pathophysiology

After the consumption of food, carbohydrates are broken down into glucose molecules
in the digestive system. Blood glucose levels rise as a result of glucose absorption into
the circulation. The rise in glucose levels stimulates the secretion of insulin hormone
from the pancreatic beta cells. Body cells need insulin to allow glucose entry. Insulin
has specific cell surface receptors and when bound to receptors, it facilitates the entry
of glucose into the cell. As a result of this process, blood glucose levels become normal

and insulin secretion is decreased (Satoh 2014).

Blood glucose dynamics can be changed due to a metabolic disease condition like
obesity. When insulin production is decreased, glucose cannot be utilized by the body



cells and blood glucose levels are evaluated, resulting in hyperglycemia. If secreted
insulin is not used properly by target body cells the same effect will be seen. If insulin
secretion is above the needed level, blood glucose levels may become very low
(hypoglycemia) because most of the glucose molecules in the blood enter body tissue
cells, and little remains in the bloodstream. There are several hormones responsible
for controlling glycemia. Insulin is the only hormone that lowers blood glucose levels.
The other hormones are glucagon, thyroid hormone, growth hormone, and

glucocorticoids which all act to increase blood glucose levels (Mealey & Oates 2006).

1.1.2. Complications

There are lots of different paths, triggered by different genetic and environmental
factors, that cause the progressive loss of pancreatic beta cells (Matveyenko & Butler
2008, Campbell-Thompson et al. 2016) and/or function (Ferrannini et al. 2005) that
clinically called hyperglycemia. After hyperglycemia develops, patients are at risk of
developing the same complications (Fig. 1.1.). Diabetic complications are a major
cause of reduced quality of life, disability, and death in society. These complications
can affect many parts of the body including the feet, the eyes and the skin in different
ways (Jay S. Skyler et al. 2017).
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Figure 1.1. Schematic illustration of diabetes development mechanism and complications (Jay S.
Skyler et al. 2017).



1.1.3. Types of Diabetes Mellitus

1.1.3.1. Type 1 Diabetes

Type 1 diabetes (T1D), or with its previous name juvenile diabetes, is generally
diagnosed in children and young adults (Dabelea et al. 2014). In T1D, the
pancreatic beta cells do not produce enough insulin for glucose metabolism in the
body. Beta cells are selectively destroyed by the body's own immune cells as a
result of an autoimmune process. Patients need insulin replacement treatment
(Afelik & Rovira 2017) and T1D patients comprise approximately five percent of
all diabetic patients in the world (Stenstrom et al. 2005).

1.1.3.2. Type 2 Diabetes

Type 2 diabetes (T2D) is a major public health concern, and its prevalence is
increasing rapidly with rising obesity rates worldwide. T2D case rates are high in
developing countries where 80% of diabetes deaths occur (Misra et al. 2019). It is
also recently reported that the age of onset has decreased and the number of cases

of T2D in adolescents and children start to increase (Wu et al. 2022).

In general, T2D is a disease characterized by impaired functioning of pancreatic
beta cells and progressive insulin hormone deficiency progressively in
combination with physiologically ongoing insulin resistance (Basu et al. 2009). It
is the most common type of diabetes, affecting almost 95% of diabetic patients,
and is also called adult-onset diabetes (Misra et al. 2019). T2D usually begins with
insulin resistance in peripheral tissues like muscle, liver, and fat tissues and these
tissues are not able to use insulin properly. As a result, the body needs more insulin
to provide glucose input into body cells for energy metabolism. At the outset, the
pancreatic beta cells produce more insulin, though in the progress of time, the

insulin secretion is dysregulated, and in the end pancreas loses the ability of



secreting enough amount of insulin to control blood glucose level dynamics
(Figure 1.2.) (Van Haeften et al. 2000).

Genetic Obesity
predisposition Lifestyle factors
L ‘ |
Insulin

resistance
v . \
Compensatory
B-cell hyperplasia Novmogly Safvia >
B-cell failure Impaired glucose
(early)

tolerance
il 5
p-cell failure Diabetes

(late)
t

Primary p-cell
failure (rare)

Figure 1.2. T2D pathophysiology. Despite insulin resistance in the early stages of the disease, glucose
tolerance remains nearly normal because the pancreatic beta cells meet the increased insulin
requirement. By continuing insulin resistance and hyperinsulinemia in a prolonged period, this
hyperinsulinemic condition of pancreatic islet cells cannot be maintained and beta cell dysfunction
occurs (Gill et al. 2013).

1.2. Obesity

Obesity is known as a medical condition that defines when a person carries excess
weight or excessive fat accumulation that threatens their health. It is generally
suggested that a person has obesity if they have a high body mass index (BMI). BMI
is a tool that is used to evaluate if a person is at an appropriate weight for their age,
sex, and height (Haslam et al. 2006). The measurement combines weight in kg divided
by height in m?. If BMI is between 25 and 29.9, it means a person is carrying excess

weight. If BMI is 30 or above indicates that a person is considered as obese.
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Besides, waist circumferences show obesity that waist circumferences >102 cm in
men and >88 cm in women (Mitchell et al. 2011). According to the World Health
Organization (WHO) data, more than 2 billion adults are overweight, of which 650
million are affected by obesity (BMI >30 kg/m?). It is surmised that 2.7 billion adults
will be overweight, and more than 1 billion will be affected by obesity by 2025 (WHO,
2016).

When a person is considered as obese, their risk of developing a number of life-
threatening diseases like; T2D, heart disease, high blood pressure, certain cancers
(breast, colon, and endometrial), stroke, high cholesterol, arthritis and infertility is
high. Considering the increase in the number of obese individuals in the last decade,
obesity and related metabolic diseases will be one of the largest public health
challenges in this century (World Health Organization WHO 2022).

1.2.1. Childhood Obesity

The number of overweight children under the age of five is approximately 41
million in the world (World Health Organization WHO 2022). About half of all
overweight children are under 5 years old. Overweight and obese children are
tended to stay obese into adulthood and are more likely to have diseases like
diabetes and cardiovascular diseases (de Onis et al. 2010).

1.2.1.1.  Causes of Childhood Obesity

It is a well-known concept that an imbalance between energy intake and expenditure
is the primary cause of obesity and, is related to the lifestyle embraced and the dietary
intake preferences. It is emerging convincingly that genetic background has an
important role in determining obesity risk. Various studies provide important notions
for our understanding of the factors associated with obesity. For example, according

to the ecological model, the risk factors for childhood obesity are; dietary intake,
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physical activity, and sedentary behavior (Davison & Birch 2001). The factors like age
and gender govern the effect of these risk factors. The parenting style and lifestyle of
the parents play a role. Environmental factors like milieu and school policies affect
eating and activity behaviors (Sahoo et al. 2015). Nonetheless, genetics may be the
biggest factor studied as a cause of obesity. According to data obtained from some
studies body mass index is 25-40% heritable (Patricia M. Anderson & Kristin F.
Butcher 2006).

1.2.1.2.  Consequences of Childhood Obesity

Childhood obesity could mainly have an impact on the physical health of children,
social life, self-reliance, and emotions. It is also related to declining academic
performance and quality of life. Unfortunately, there are lots of diseases linked to
childhood obesity such as; T2D, asthma, cardiovascular disease, sleep apnea, high

cholesterol, insulin resistance, and orthopedic problems (Niehoff 2009).

Besides these medical conditions, one of the conditions that is the least socially
acceptable and most stigmatizing to children is obesity (Schwimmer 2003). Children
who are overweight or obese are frequently made fun of or ridiculed for their weight.
They also experience a variety of additional difficulties, such as unfavorable
stereotypes, prejudice, and social exclusion (Sahoo et al. 2015). It has also been
discovered to have a detrimental impact on academic achievement. According to
studies, children who are overweight or obese are four times more likely than
classmates who are of a healthy weight to report experiencing issues at school
(Schwimmer 2003).
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Figure 1.3. Children that are overweight in the world (WHO-Global Health Observatory
(GHO), 2020).

1.2.2. Cafeteria Diet (CAF)

The Western diet or cafeteria diet (CAF) comprises a high content of carbohydrates
and dietary fat (Cordain et al. 2005). It has been shown that CAF administration to
obesity prone rodents induces obesity and promotes hyperglycemia and insulin
resistance (Buettner et al. 2007). Besides, it is also known that the amount and source
of dietary fats are contributed to diet induced obesity in humans. Carbohydrates with
a high glycemic index (GI) in diet manipulate blood glucose and insulin levels.
Especially sucrose has a high Gl and is responsible for an instant increase in blood
glucose levels (Oakes et al. 1997, Malterud & Tonstad 2009).



According to different experiments data with different high fat diets (HFD), omega
(6,9) unsaturated and saturated animal fat, can cause obesity and insulin resistance
(Buettner et al. 2007, Rokling-Andersen et al. 2009, Wali et al. 2020, Gilbert 2021).
Additionally, polyunsaturated fatty acids have an important role in the context of
dietary energy efficiency and diet induced obesity (Flachs et al. 2005).

1.3. The link between Obesity and Type Il Diabetes Mellitus

Obesity has been shown to be a leading factor in the development of T2D with
scientific studies using animal subjects and several clinical trials based on statistical
observations (Eckel et al. 2011, Neeland et al. 2012). Given the rapid rate of increase
of obesity in all age groups on a global scale, elucidation of the physiological
mechanisms associated with diabetes development has particular importance. In recent
years, the increase in obesity rates especially seen in childhood has reached a
remarkable level (National Clinical Guideline 2014). Therefore, the elucidation of the
environmental and physiological factors that trigger childhood obesity from the
developmental stage in the mother's womb and the development of alternative
treatment modalities have a critical precautionary measure against the rapidly
increasing diabetes and obesity cases on a global scale (World Health Organization
WHO 2016).

Through the activation of insulin resistance, obesity accelerates the development of
T2D. The insufficient knowledge of insulin resistance has limited the therapy of T2D.
However, a number of research have discussed the relation between insulin resistance
and lipotoxicity, hyperinsulinemia, inflammation, and mitochondrial dysfunction. The
etiology of T2D through the development of insulin resistance is also reported to
involve endoplasmic reticulum stress, oxidative stress, genetic background, aging,
hypoxia, and lipodystrophy. None of those approaches, however, has resulted in the
development of T2D medications that work. Lack of clarity about cross-linked
mechanisms of insulin resistance in T2D may be the cause (Ota 2014).



There are two main theories explaining how obesity could lead to T2D. First,
abdominal fat could cause fat cells to secrete some proinflammatory cytokines. These
cytokines may cause a decrease in insulin sensitivity of the body cells and disrupt the
function of insulin responsive cells (Al-Goblan et al. 2014). Second, obesity may
trigger the body's metabolism to change and promote fat tissue to release high amounts
of fatty acids, hormones, proinflammatory cytokines, and other factors that cause the
development of insulin resistance. After this point, insulin resistance leads to
dysfunction of pancreatic beta cells, and blood glucose level control is lost (Makki et
al. 2013).

1.4. Maternal obesity as a risk factor for developing diabetes in offspring

According to epidemiological and clinical studies, maternal obesity predisposes
offspring to metabolic syndrome-related diseases (Figure 1.4). For years, in animal
studies it has been confirmed that maternal obesity during gestation and lactation
accelerated the growth of neonates predisposing offspring to obesity and T2D.
Besides, according to meta-analyses, birth weight is another predictor of obesity and
T2D (Zimmermann et al. 2015, Ling & Ronn 2019). There is the main question about
this concept; what underlies the persistence of a developmental events memory in cells

long after the stimulus that first triggered has vanished? (Lecoutre et al. 2021).
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Figure 1.4. Maternal obesity and the developmental origin of health and disease concept. Impaired
growth of offspring caused by maternal obesity during the developmental period. Also, maternal obesity
impairs the metabolic and tissue programming of offspring. All these developmental changes could give
rise to susceptibility to obesity and type 2 diabetes later in life (Lecoutre et al. 2021).

The cellular and molecular mechanisms of developmental programming are little
known. Epigenetic modifications presumably have a crucial role in the heritability of
obesity and T2D (Patricia M Anderson & Kristin F Butcher 2006, Back & Kaufman
2012, Hunter & Stein 2017). In particular, rodent studies showed that epigenetic
mechanisms are responsible for linking maternal nutritional imbalances to the risk for
T2D in adulthood. According to the concept of epigenetics, somatically heritable states
of gene expression refer to modifications in chromatin structure without alterations in
DNA's nucleotide sequence (Francesca Cinti, Bouchi, Kim-Muller, Ohmura,
Sandoval, Masini, Marselli, Suleiman, Ratner & Marchetti 2016). These alterations
can be passed from one generation of cells to the next as well as between generations
(Michael G White et al. 2013).

The effect of maternal obesity operates during the development in which progenitor
cells are plastic (sensible to changes in microenvironment) and where epigenetic
remodeling is extremely dynamic and sensitive to the hormonal nutritional
environment (Izumi et al. 2003, Patricia M Anderson & Kiristin F Butcher 2006,
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Prentki et al. 2013, Swisa et al. 2017). Therefore, this diversion of the developmental
program may cause dysfunctions in fetal pancreatic beta cells. Inappropriate DNA
methylation and chromatin modifications in these precursor cells during gestation and
lactation might give rise to deleterious memory of the maternal obesogenic
environment. The permanence of these modifications during life and across
generations may cause permanent changes in gene expression profiles to result in the

inheritance of metabolic diseases (Lecoutre et al. 2021).

1.5. The Endocrine Pancreas

The pancreas is a long, slender organ, located in the abdomen (Figure 1.4.). Besides,
its exocrine gland function, secreting different types of digestive enzymes, the
pancreas is a classical endocrine gland and it is also referred to as a compound gland.
As endocrine cells, the islets of langerhans are responsible for secreting various types
of hormones like glucagon, insulin, somatostatin, and pancreatic polypeptide (PP) (Da
Silva Xavier 2018).

Splenic artery

Pancreatic

hormones:

Spleen

Pancreas T
* [nsulin

Pancreatic islets

Bile duct (from
gall bladder)

Common bile duct

Duodenum of
small intestine

Acinar cells *
secrete digestive
enzymes

Pancreatic duct

Figure 1.5. The anatomical organization of the human pancreas (Betts et al. 2013).
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1.5.1. Pancreatic Islet Cells

In the parenchyma of the pancreas, there are islands of mixed populations of endocrine
cells called the islets of Langerhans, which were originally identified by their
namesake, Paul Langerhans, in 1869. Due to the hormones generated and released by
the cells that make up these micro organs, which play a role in the control of glucose
homeostasis, islets of Langerhans have received a lot of attention in the context of

diabetes.

A human pancreas contains between 3.2 and 14.8 million islets, with a total islet
volume ranging from 0.5 to 2.0 cm3 (lonescu-Tirgoviste et al. 2015). The cellular
composition and architecture of pancreatic islets differ between and within species
(Steiner et al. 2010). It has already been shown that the inter-species differences
correspond with functional variations (Cabrera et al. 2006). Since they have a unique
design with a core of beta cells around by other endocrine cell types, rodent islets are

commonly utilized in biomedical research (Steiner et al. 2010).

There are four types of endocrine cell types in the pancreas. Alpha (a) cells produce
glucagon hormone and comprise roughly 20% of islet cells. Glucagon takes an
important role in blood glucose regulation together with insulin hormone. When blood
glucose level is low its production is stimulated. Beta () cells produce insulin
hormone and comprise roughly 75% of islet cells (Bakhti et al. 2018). The release of
insulin is stimulated when the blood glucose level is elevated. Delta (y) cells produce
the peptide hormone somatostatin. As an inhibiting hormone, this hormone inhibits the
release of both glucagon and insulin. Pancreatic polypeptide cells (PP cells) secrete
the pancreatic polypeptide hormone. PP hormone plays a role in the regulation of

pancreatic exocrine and endocrine secretions and appetite.
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1.5.2. Regulation of Blood Glucose Levels

Decline in blood glucose levels sensed by the receptors in the pancreas and in response
a cells produce glucagon hormone. Glucagon stimulates the liver to convert glycogen
into glucose molecules and these glucose molecules are transferred to body cells by
blood circulation. It also stimulates the breakdown of stored triglycerides into free fatty
acids and glycerol and some of those glycerol molecules go to the liver and convert
into glucose. As a result of these actions blood glucose levels are increased. The
glucagon secretion mechanism is also controlled by a negative feed-back mechanism
further glucagon production is inhibited when the blood glucose levels are high (Roder
et al. 2016).

The main function of the insulin hormone is to ensure the uptake of glucose molecules
into body cells. The primary targets of insulin hormone are skeletal muscle cells and
adipose cells. After blood glucose levels increase following digestion, insulin secretion
into the blood by the pancreatic beta cells is stimulated. It also stimulates the liver to
convert excess glucose in the blood circulation into glycogen in the liver for storage.
Eventually, the blood glucose level is reduced. Insulin production is controlled by a
negative feedback mechanism as well reacting against low blood glucose levels
(Aronoff et al. 2004).

1.6. Beta Cell Failure and Diabetes

T2D is defined as a disease associated with progressive functional cell failure resulting
from the loss of the number of insulin-secreting functional pancreatic beta cells
(Talchai et al. 2012). Prospective studies of subjects with a high risk of T2D
development suggest that a rapid and sustained decrease in cell function occurs even
though insulin resistance remains relatively constant over time (Dunning & Gerich
2007, Wang et al. 2014). However, despite its progressive course, functional cell
failure can be reversed by dietary or pharmacological interventions (Yoon et al. 2003).

Interestingly, insulin sensitizers (insulin sensitizing agents) outperform insulin
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secretagogues at the expense of cell dysfunction. This functional curative effect of
insulin sensitizing agents suggests a positive correlation between increased insulin
secretion challenge and cell loss. Cellular pathologies such as apoptosis, autophagia,
oxidative stress, and overloading of nutrients (“toxicity") affect cell function and
survival negatively (Anna et al. 2008, Atkinson et al. 2011).

There are three models for beta cell failure (Figure 1.6); i. Reduced pancreatic beta
cell number due to physiologic and metabolic stress is responsible for the progression
of diabetes. When compared to healthy individuals, T2D patients' beta cell mass has
decreased by around 50%, according to the histological assessment of autopsies
(Butler et al. 2003, Yoon et al. 2003, Rahier et al. 2008). ii. A chronic load on beta
cells could cause dysfunction and pancreatic beta cells fail to produce insulin properly
in response to glucose (Izumi et al. 2003, Back & Kaufman 2012, Evans-Molina et al.
2013). iii. When pancreatic beta cells fail to express the full complement of beta cell
specific genes due to chronic physiologic stress phenomenon is called loss of beta cell
identity (Guo et al. 2013, Michael G. White et al. 2013, Spijker et al. 2015, Brereton
et al. 2016, Francesca Cinti, Bouchi, Kim-Muller, Ohmura, Sandoval, Masini,
Marselli, Suleiman, Ratner, Marchetti, et al. 2016).
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Figure 1.6. Models for beta cell failure. The endocrine cell composition of a pancreatic islet cell (top)
and possible changes, differentiated by the beta cell fate, that cause functional beta cell failure in T2D
(bottom). Islet cells are illustrated with different colors €, ghrelin; G, gastrin, E, endocrine cell with

empty granules (no hormone is produced) (Swisa et al. 2017).

1.6.1. Islet Cell Plasticity

1.6.1.1. Transdifferentiation of Islet Cells

Since pancreatic islet cells have a heterogeneous character, it is another research
question whether these cell clusters are at a terminally differentiated state or a cellular
plasticity exists. Therefore, there is a lot of incoming evidence from different studies
in animal models that pancreatic islet cells have the capacity to directly
transdifferentiate from a differentiated islet cell type to another islet cell fate or

dedifferentiate to a progenitor-like cell type. Especially in studies with numerous
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rodent models, it has been shown that different stressors can affect pancreatic cell
reprogramming (Figure 1.7.) (Stanger et al. 2007, Teta et al. 2007, Piran et al. 2014).
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Figure 1.7. Model of pancreatic islet cell transdifferentiation. According to the time course analysis
the transdifferentiation sequence was from alpha to beta to delta cells, not directly alpha to delta cells.
The transient existence of alpha cells and glucagon-insulin and insulin—somatostatin co-expressing

intermediate cells, with the absence of glucagon—-somatostatin co-expressing cells, confirms this model

of transdifferentiation (Piran et al. 2014).

Normally, pancreatic beta cells are defined as insulin expressing and controlled
secreting under glucose conditions. Actually, this definition should also include the
complete expression of key beta cell transcriptional regulators like, Pdx1, Nkx6.1, and
MafA (Guo et al. 2013, Schaffer et al. 2013, Gao et al. 2014). Although they have
opposite roles in the maintenance of a dynamic equilibrium of blood glucose levels,

alpha and beta cells originate from a common progenitor cell. They have common
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expressions of many transcription factors and genes for cell functioning like stimulus—
secretion coupling, and hormone exocytosis (Benner et al. 2014). Thus, non-beta
endocrine cells are the cell types that are most closely related to beta cells and makes
them prime targets for conversion into beta cells. Therefore, the transdifferentiation
process of islet endocrine cells has a potentially novel strategy for treating diabetes
(van der Meulen & Huising 2015, Cito et al. 2018, Saleh et al. 2021).

1.6.1.2. Dedifferentiation of Pancreatic Beta Cells

Pancreatic beta cell failure or cell death underpin all types of diabetes. Beta cell failure
in T2D is a compensatory response to peripheral insulin resistance. As a result, the
mature beta cell phenotype is lost but does not necessarily cause beta cell death (Weir
and Bonner-Weir, 2004; Weir et al., 2013). Today, the most common T2D
medications operate by decreasing the liver's ability to produce glucose (Metformin),
by improving peripheral insulin sensitivity (Rosiglitazone and other
thiazolidinediones), or by encouraging the release of insulin from beta cells that are
already under stress (e.g., sulfonylureas such as Glyburide) (Kahn et al. 2006).

During the development of diabetes, and beta cell dysfunction in animal models,
depletion in beta cell mass is generally considered as caused by an unbalanced rate of
apoptosis versus self-renewal (Rieck et al. 2009). Besides, pancreatic beta cell
apoptosis in diabetic islets is equable relative to the deterioration of beta cell function
(Ferrannini 2010).

Under chronic metabolic stress conditions like during pregnancy or aging, the beta cell
function failure (Rieck et al. 2009, Rankin & Kushner 2010) has been related to
various biological mechanisms. Under the conditions of overnutrition seen in diabetes,
autophagy can turn into a disease process (Hur et al. 2010). Besides, again under the
same metabolic stress conditions, endoplasmic reticulum (ER) stress occurred, and as

a result, unfolded protein response affects insulin secretion negatively which causes a
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decrease in beta cell mass (Matsuda et al. 2010). Beta cells have a low capacity of
antioxidant enzymes and limited glycolytic capacity resulting in the generation of
reactive oxygen species, and this oxidative stress can disport glucose sensing from
insulin secretion (Robertson 2004). Oxidative stress suppresses the beta cell specific
transcription factors like MafA, Nkx6.1, Pdx1, and insulin gene expression and causes
beta cell identity loss (Guo et al. 2013). However, the beta cell dysfunction rate seen
in diabetic islet cells is much greater than observed the rate of apoptosis and cell death.
Thereby, cell death may not be the main cause of marked loss of beta cell mass (Talchai
et al. 2012, Marselli et al. 2014, Costes et al. 2021).

Beta cell dedifferentiation to endocrine progenitor-like cells under hyperglycemia
induced metabolic stress conditions is an alternative proposed mechanism for diabetic
loss of functional beta cell number and insulin content which has recently received
attention (Talchai et al. 2012). To date, studies using animal experiments have found
that pancreas cells of mice exhibit a progenitor cell-like character and undergo
dedifferentiation in response to hyperglycemia (Wajchenberg 2007, Prentki et al.
2013). Dedifferentiated beta cells reverted to progenitor-like cells expressing
Neurogenin3 and Vimentin (Talchai et al. 2012).

It has also been shown in these studies that pancreatic endocrine cell subtypes,
especially alpha cells, show progenitor cell characteristics with glucagon expression
in this transformation process (Talchai et al. 2012). This is also an explanatory finding
for hyperglucagonemia in diabetes patients (Wang et al. 2014, Accili et al. 2016). In
another study, pancreatic tissue sections of T2D patients showed a 3-fold increase in
the number of endocrine cells (Chromogranin A-positive) and stain negative for
insulin, glucagon, somatostatin, or pancreatic polypeptide (Figure 1.8). In vitro beta
cell dedifferentiation was also observed (Weinberg et al. 2007). Dedifferentiation
caused by beta cell dysfunction has also been referred from partial pancreatectomy
studies (Jonas et al. 1999).
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Together, these studies demonstrate that beta cell dedifferentiation in diabetic islet
cells and conversion into other endocrine cell types could be an under-recognized
mechanism of beta cell dysfunction in various types of diabetes. These findings are
also a subject of a controversial discussion that transgenic transformation of beta cells
due to hyperglycemia may be a cellular mechanism that protects these cells against
permanent cell damage. The hypothesis that beta cells, which are truly
dedifferentiated, inactivate in terms of insulin production and that they may be
redifferentiated to produce insulin if appropriate environmental conditions are
established may clarify why restoration of cell function is possible even years after the
onset of hyperglycemia (F Cinti et al. 2015).
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Figure 1.8. Images of dedifferentiated beta cells (A) Immunofluorescent histochemistry on pancreatic
section using insulin (Ins, red), combined glucagon (Gcg), somatostatin (Ssn), pancreatic polypeptide
(PP) (green) and Synaptophysin (Syn, gray). (B) Quantitative analysis of the data in A (F Cinti et al.
2015).
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1.6.1.2.1. FoxO1 Role in Beta Cell Dedifferentiation

Transcription factor FoxO1 plays an important role in integrating signals coordinates,
functional beta cell mass (Kitamura et al. 2005, Okamoto et al. 2006), and stress
response. In diabetic islet cells, dedifferentiation of beta cells has been shown in vivo
with the genetic depredation of key transcription factors, including FoxOL1. Insulin is
produced in the early stages of metabolic stress, however following prolonged stress,
FoxO1 undergoes nuclear translocation to reinforce the beta cell fate and result in beta
cell identity loss (Figure 1.9) (Talchai et al., 2012).
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Figure 1.9. Beta cell failure mechanism. Functional beta cells produce insulin and have the
cytoplasmic location of FoxO1 (yellow). In the early stages of metabolic stress, insulin production
(green) is continued, but FoxO1 goes through nuclear translocation (red). If the stress continues, FoxO1

expression declines (blue nucleus) as Neurog3, Oct4, Nanog, and L-Myc expressions occur as

progenitor markers (Talchai et al., 2012).
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1.7. Aim and Novelty of the Study

In this study, the objective was to investigate the effect of maternal obesity on T2D
diabetic susceptibility on the juvenile pancreas through endocrine cell transduction. In
the development of T2D, the literature has clearly shown that cell transduction in the
patient’s pancreas results in the dedifferentiation of pancreatic beta cells responsible

for insulin secretion to progenitor cell types.

Our goal was to investigate whether obesity, which can cause the development of
diabetes pathology, has the same effect on obese individuals™ offspring pancreas at
different age ranges in Wistar rats. It was hypothesized that Wistar rats™ offspring,
whose mothers were obese and hyperglycemic, pancreases may pOSSess
dedifferentiated beta cells even though they were exposed to only mother milk and

standard rat chow after weaning.

It was, therefore, aimed to elucidate a better understanding of T2D at the molecular

and cellular levels in the early ages of individuals.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Animal Studies

In this study, 5 weeks-old 20 female Wistar albino rats were used and before mating,
female rats were randomly selected and divided into two groups as 10 rats in each
group as the control and the cafeteria diet (CAF) groups. Rats in the CAF group were
fed with the human-like CAF given the composition (high fat and sugar) as shown in
Table 1.1, in addition to the normal rat chow as shown in Table 2.1 (184 cal/day/rat).
Ten Wistar albino rats in the control group were fed with a normal rat chow diet as
shown in Table 2.2 (113 cal/day/rat). Approximately 8 months later, the females of the
CAF group’s body weight of rats increased by 75% compared to the female rats in the
control group. Then, the females were mated with normal body weight males, mother
rats continued to be fed with the previously selected CAF food type during pregnancy

and lactation periods (Figure 2.1).
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CAF Group, n=10, 184 calori/day/animal

5 weal: old femal= Wistar rats

CAF initiation of dist Mating Birih
Oday 20day 90 day
time=0 day 180 201 221 231 291 p=10 =10 n=10

Mlaternal dist: CAF vs ?
Jl Chow Offspring duet: Chow

time=0 day 180 201 221 231 291
- Birth 20 day 90 day
: . Mating Oday  °
3 weel old female Wistar rats } = o=10 n=10 =10

Control initiation of dist

Control Group, n=10, 113 calori/day/animal

Figure 2.1. Animal studies and average calorie intake for the CAF and control groups. The CAF
feeding process had continued for 8 months. From each mother group (n=10 rat/group) n=10 offspring
were obtained and sacrificed at different ages (0", 20™, and 90 days).

The offspring were fed with breast milk until the 20» day of weaning and after the
weaning, they were fed with normal rat chow (Table 2.1). Subjects were housed in
special rat cages with 3-4 rats in each cage at METU Biological Sciences Department
Experimental Animals Unit. A day and night lighting system with automatic
photoperiod was used to create a 12 h light and 12 h dark environment. The ambient
temperature was set at 20 + 25 °C and the humidity was set at 50-60%. The Animal
Care and Use Committee at METU approved all protocols in accordance with the
Turkish Agricultural Department Ministry Guide for the Care and Use of Laboratory
Animals (Teker 2014).
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Table 2.1. Cafeteria diet (CAF) content.

Energy and Total
Food Ingredients | Total (kcal) |Total fat (g) | Carbohydrates (g) Protein (g) |Sugar (g)
(100 g)
Normal Yem: SC
7001 382 4 54 25 0
Cay Keyfi 462 204 67.8 5.8 28.5
Hosbes 493 24.5 63.9 7.6 28.4
Hanimeller 427 18.1 62.1 3.9 25.0
Doritos 491 24.5 60.5 7.2 23
Lays Klasik 529 33 51 7.0 0
Pringles 515 33 51 4.0 32
Crunch 486 26 69 6 51
Burgak 450 17.7 71 7.2 20.4
Lays Wavy 536 36 54 7 0
Misir gevregi 372 4.1 76.1 7.6 30.7
Kombo 481 21.7 68.5 6.2 29.6
Cizi 473 21.4 64.3 5.8 0
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Table 2.2. Standard (normal) diet composition.

BIL-FEED (FULL FEED) ENERGY FOOD ITEMS (%) (100 g)

Drv matter BB
Raw protein 23
Faw lipid 3
Eaw cellulose 7
Insoluble raw ash in

HC1 ]
Macro elements

Calcium 1-2.5
Phosphorus 0.9
Sodium 0.5-1
Micro elements

Manga (mg/'kg) 10
Zinc (mo/lka) 4
Amino acids

Lysine 1
Methionine 03
Cvstine 0.1
Vitamins

A (kg 400 400
D3 (w'kg) 300 300
B2 (mg'ks) 5 5
B12 (mg/kg) 20 20

E (ko) 30 30
K3 (wks) 1 1
Metabolic energy 2600

Raw maternal used

Corn, Sovbean Meal, A T K., Razmol,
Bonkalite, Alfalfa pellet, Molasses, Meat Bone
Meal, Chicken Meal, Sepiolite, D.C P.
(Inorganic) Marble Powder, Vitamins and
Minerals
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2.2. Glucose Tolerance Test

The animals were taken out of their cages and placed overnight in new cages with tap
water but no food (approximately 12-18 h). Then, blood samples were collected from
the tail vein, and the glucometer was used to assess the initial fasting glucose levels
(time 0) (Roche Diagnostics, USA). Following this procedure, rats received 2 grams
of 30% Dextrose solution per kilogram of body weight. After that, glucose levels were
checked once again using a portable glucometer 5, 10, 15, 30, 60, and 120 minutes
after the injection (Teker, 2014).

2.3. Isolation of rat pancreatic islet cells

Pancreatic islet cell isolation was performed according to a reference study (Carter et
al. 2009, Morgan et al. 2009) on the premise of rats in order to comparatively analyze
the insulin release functions of pancreatic islet cells of the subjects (Figure 2.1). The
hairs in the abdomen of rats were cleaned and cleared with betadine. Rats were
anesthetized using (75 mg/kg) ketamine hydrochloride (Pfizer, New York, USA), (10
mg/kg) xylazine (Alfasan, Woerden, Holland) as anesthetic agents that were applied
through the abdomen. After cutting the abdominal cavity, the liver was removed by
applying pressure to the chest. To hinder the bleeding in the liver, the liver was
wrapped up with a gauze bandage, the ductus was made apparent and the ampulla vater
was clamped. Depending on the thickness of the ductus channels, we used a 26-G or
22-G catheter to perfuse 7 mL of 1 mg/mL cold collagenase type V enzyme (Sigma,
Missouri, USA) into the pancreas. Rats were sacrificed by cutting their aorta. This
prevents the flushing of the pancreas. The pancreas was collected in a 50 mL falcon
tube and embedded into ice. The pancreas was incubated for 18 min in a 37°C water
bath. At the end of the incubation period, the pancreas was homogenized by shaking.
Next, 25 mL of cold Hanks Balanced Salt Solution (HBSS) (Lonza, Basel,
Switzerland) (+) was added and inverted strongly. The digested pancreas was
centrifuged at 4°C for 3 min at 310 x g. Slow acceleration and braking of the centrifuge

prevents the dispersion of the pellet. After the digested pancreas was centrifuged, the
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supernatant was thrown away gently. The pellet was shaken to break it up. Next, 25
mL of cold HBSS (+) was added and inverted strongly. The digested pancreas was
centrifuged at 4°C for 3 min at 310 x g 3 accelerations and 1 break. The pellet was
inverted to break it up. Next, 50 mL of cold HBSS (+) was added and inverted strongly.
The digested pancreas was filtered by a 425-um steel sieve into a new 50 mL falcon
tube, and the undigested pancreas was removed. The filtered pancreas was centrifuged
at 4°C for 3 min at 310 x g, 3 accelerations, and 1 break. The supernatant was thrown
away gently. The islet cells were purified by a discontinuous gradient method. Firstly,
the pellet of the filtered pancreas was shaken to break it up. Next, 5 mL Biocoll 1100
(Biochrom, Berlin, Germany) was added to the pellet. The pellet was shaken to
homogenize it. Secondly, a 10 mL Biocoll 1077 (Biochrom, Berlin, Germany) solution
was added to Biocoll 1100; the pellet was mixed slowly. Finally, 10 mL Roswell Park
Memorial Institute 1640 (RPMI 1640) (—) solution was added to the Biocoll 1077
solution. The discontinuous gradient was centrifuged at 4°C for 20 min at 1300 x g,
acceleration 1 break 0. The slow acceleration and stopping without brakes prevent the
intermingling of the intensity. The islet cells between Biocoll 1077 density and RPMI
1640 (—) layer were collected into the RPMI 1640 (+) solution manually. The islet
cells were washed with RPMI 1640 (Lonza, Basel, Switzerland) (+) solution by
centrifugation two times at 310 x g for 3 min 3 acceleration 1 break at 4°C to obtain

islet cells.
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Figure 2.2. Isolation of rat pancreatic islet cells. (a) Dissection of the rat abdomen and removal of
the sternum (b) Making pancreatic duct (Wirsung’s canal) apparent and clamping of the duodenum
branch of the canal (c) Collagenase enzyme solution was injected into the pancreas through the

pancreatic duct (d) Bloated pancreas was dissected from its tissue connections.

2.4. Determination of islet purity and islet number

The islet cell sample (100 uL) was added to a 10A~35 mm petri dish. A few drops of
dithizone (DTZ) (Sigma, Missouri, USA) solution, a stain specific for the Zn2+
granules in islet beta cells (8), were added to it. Approximately 1 min is allowed for
the dye to penetrate the cells. Stained islets appear red (Figure 2.3). The islet sample
was examined using an inverted microscope. The percentage of islet purity was
determined by estimating the proportion of islets, stained red with DTZ, to the exocrine
tissue, unstained (appears light brown) (Figure 2.3). The total islet number was
determined as islet equivalent (IEQ). According to the IEQ calculation, an islet was

standardized to an average of 150 um in diameter. Islets of different diameters (sizes)
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were normalized to an IEQ of 150 um in diameter by mathematically compensating

for their volumes (Lehmann et al. 2007).

Figure 2.3. Isolated islet cells. (a) Light microscope view of the rat islet cells (b) Insulin-producing

rat islet cells were red when stained with dithizone (DTZ) and viewed under the light microscope.

2.5. Assessment of the Viability of Islet Cells

Viability rates of isolated pancreatic islet cells were analyzed by an appropriate
viability test (FDA/PI staining) to determine the quality of the cell isolation performed.
Dulbecco’s Phosphate-Buffered Saline (DPBS) (910 uL) (Life Technologies,
Massachusetts, USA) (pH 7.4) solution was added into a 10A~35 mm petri dish. In
total, 90 puL of the islets simply was added on it. After adding 20 pL of the fluorescein
diacetate (FDA) (Sigma, Missouri, USA) stock solution and 20 uL of propidium iodide
(PI) (Sigma, Missouri, USA) stock solution to it, they were stored in darkness for 5
min, and the viability at 40X magnification was determined using a fluorescent
microscope (Leica, Wetzlar, Germany). New concentrations of the used fluorescent
dye were 0.46 uM FDA and 14.34 uM PI.
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FDA penetrates the membrane of living cells in the islet cells and changes to
fluorescein by the action of esterase enzymes in the cytoplasm and produces bright
green fluorescence under blue excitation light; thus, viable cells can be determined.
Because the PI cannot penetrate the membrane of living cells, it binds to the nucleic
acids of dead or dying cells in the islet cells and causes them to fluoresce bright red
under green excitation light and dead cells can be identified (Figure 2.4) (Bank et al.,
1987). The photography of the cells under both fluorescent conditions was taken. They
were merged using the MAT-LAB program. The percentage of viability for each islet
was estimated by the number of viable (green fluorescence) vs. nonviable (red
fluorescence) cells and by calculating their viability.

Figure 2.4. Rat islets were stained for viability. (a) Viable rat islet cells were green when stained with
Fluorescein diacetate (FDA)/propidium iodide (PI) and viewed under a fluorescence microscope, (b)
Dead or non-viable islets were red.

2.6. Culture of the islets

The islet cells, whose purity and viability had been specified, were cultured in a 5%
COz incubator (Panasonic, Osaka, Japan) at 37°C in T25 culture flasks (Corning, New
York, USA) with a density of 30 islets’cm? with 5 mL RPMI 1640 (+) solution
(Johnson et al., 2011).
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2.7. Determination of functionality by measuring insulin secretion of the islet cells

with static glucose stimulation

A glucose-stimulated insulin release test was performed on isolated islet cells to
determine the effect of maternal obesity conditioning on the functioning of juvenile
pancreatic beta cells. RPMI 1640 solution (1 mL) containing 3.3 mM glucose for a
basal glucose level was added to the first and second wells of 24-well plates (Corning,
New York, USA), and 1 mL of RPMI 1640 solution containing 16.7 mM glucose for
a high glucose level was added to the third well an 8-um pore diameter insert (Merck,
Darmstadt, Germany) was placed in the first well, and 25 islets of approximately 150
mm in diameter are placed into the insert. The islets were incubated in a 5% CO:
incubator at 37°C for 30 min. Then, the insert was placed in the second well. The islets
were incubated in a 5% COz incubator at 37°C for 1 h. When the incubation period
was finished, the insulin sample was collected from the second well. Then, the insert
was placed in the third well and incubated in a 5% CO> incubator at 37°C for 1 h.
When the incubation period was finished, the insulin sample was collected from the
third well. The received insulin samples were measured using a rat/mouse insulin
ELISA kit (Merck, Darmstadt, Germany), according to manufacturer’s instructions.
The stimulation index, a measure of the ability of the purified rat islets product to
produce insulin when stimulated by an increase in the concentration of glucose, was
calculated as the amount of insulin derived from the 16.7 mM glucose concentrations
divided by the amount of insulin derived from the 3.3 mM glucose concentrations
(Sakata et al., 2008).

2.8. Sectioning from frozen pancreas tissues and fixation of the tissue sections

In accordance with the reference study (Cinti et al., 2016), the optimum tissue
thickness for immunofluorescence staining was determined as 10 um in the previous
preliminary study from preserved tissue samples at -80°C. Samples from the animal
groups (Table 2.3) were collected and sections were taken using a cryotome (Shandon-

Thermo Scientific, UK) sectioning device (Figure 2.5).
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Tissue sections were placed in cold acetone, which was previously cooled to -20° C
for at least 30 min, and then incubated at 4°C for 5 min, then at RT for another 5 min.
The tissue sections were then washed 3 times in PBS for 5 min (3X5). The fine-tipped
Pap Pen (Abcam, USA) was drawn around the tissues to form hydrophobic tissue
boundaries. Hundred pL of protein blocks (Abcam, USA) were added to each tissue
section and incubated at RT for at least 1 h. The sections were washed by immersion

in PBS several times and removed.

Table 2.3. Experimental animal groups and pancreas tissue section numbers

Number of
Age Number of Rats )
Pancreas Tissue
(days) .
Control Sections
CAF group
group
RAT 0 5 5 100
20 5 5 100
90 5 5 100
TOTAL 30 300
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Figure 2.5 Cryosectioning of frozen pancreatic tissue samples; A. The tissue sample was placed on
a metal tissue disc which is frozen rapidly to about —20 to —30°C. The tissue sample was embedded in
an optimal temperature compound (OCT) medium. B. It was cut frozen with the microtome portion of

the cryostat. C. The section was picked up on a glass slide. D. Tissue section view of the pancreas.

2.9. Hematoxylin & eosin (H&E) staining

The frozen pancreatic tissue sections were histologically examined using H&E
staining. Sections were stained using an autostainer (Sakura 6188-E, Japan) and
according to the instructions (The Tissue-Tek H&E Staining Kit, Sakura, JAPAN).
The morphometric study was done using an image analyzer computer system. Data
were obtained using Leica Aperio Imagescope Pathology Slide Viewing Software
(USA) at Pathology Department, Ministry of Health Ankara City Hospital. Pancreatic
tissue sections were stained with H&E and islet sizes and percentage % of the islet
areas per field area were measured with ImageJ software v.1.8.0 (Rasband, W.S.
2018).
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2.10. Antibodies

Pancreatic tissue specimens were stained with anti-proglucagon D16G10 (Cell
signaling, USA) (1.300 dilution) and Alexa Fluor 555 (Thermo Fisher, USA) (1:600

dilution) secondary Abs were used in immunohistochemistry experiments.

In Western blotting studies rabbit polyclonal anti-insulin (Abcam, USA) (1:2000
dilution) as primary and goat anti-rabbit 1gG (Abcam, USA) (1:5000 dilution) as
secondary Ab were used.

2.11. Immunofluorescence (IF) for Frozen Pancreatic Tissues

After the washing step above, 100 uL primary antibody was loaded onto tissues and
incubated overnight at 4°C. The next day, slides were washed for 5 min 3X in TBS
and incubated with 100 pL secondary Ab for 45 min in RT. After slides were washed
with PBS 5 min 3X, they were mounted with flouro-shield mounting medium (Abcam,
USA). The slides were evaluated by a laser scanning confocal microscope (Zeiss LSM
510, Germany) and images were generated for anti-glucagon (objective, 40X).

2.12. Real Time quantitative PCR (RT-qPCR): TaqMan® Gene Expression

Assays

RT-gPCR analyses were performed so that the transdifferentiation profiles of the cells
can be determined at the gene expression level (Xiaowei Wang and Brian Seed, 2003).
The general steps performed during RT-qPCR experiments were correlated with the
MIQE rules (Alvarez et al. 2014). Total RNA was isolated from the pancreatic tissues
to be used as a template for the synthesis of single-stranded cDNA. The RNA isolation
from a single maximum 10 pum thick section of tissue was carried out in accordance
with the instructions (High Pure FFPET RNA Isolation Kit, Roche, Germany). RNA
sample concentrations were determined using the NanoDrop 2000 (Thermo Scientific,
US). The NanoDrop 2000 software performed the concentration and A260/A280
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measurements by adding 2 pl of the samples to the device. (Table 2.4). The cDNA
synthesis from isolated total RNA samples were carried out according to the
manufacturer's instructions (Transcriptor First Strand cDNA Synthesis Kit, Roche,
Germany). The final concentrations of RNA samples were adjusted as equal for RT-
gPCR studies.

Hydrolysis probes were used which were sequence-specific, double-labeled probes;
commonly called “TagMan” probes (Roche Diagnostic, Turkey). We had designed 12
assays for the quantification of several Rattus norvegicus gene products as Neurogenin
3 (Neurog3) (Appendix Figure A. 6.), Pancreatic and duodenal homeobox 1 (Pdx1)
(Appendix Figure A. 7.), Insulin (Ins2) (Appendix Figure A. 5.), Somatostatin (Sst)
(Appendix Figure A. 8.), Glucagon (Gcg) (Appendix Figure A. 4.), Forkhead box O1
(Foxol) (Appendix Figure A. 3.), Chromogranin A (Chga), Vimentin (Vim) and 18s
rRNA (Appendix Figure A. 2.). Four primers (two direct and indirect) for a gene and
a probe using gene identification on NCBI (Appendix FigureA. 1.) were designed. It
was planned to test the four possible combinations in an initial assay together with the
probe. The assays were designed to work at an annealing temperature of 60°C.
Whenever possible, the assays were designed to be specific only for cDNA. The assays
were specific for cDNA and a specificity check for the targeted sequence was
performed by primer Blast analysis. At this end, the primers were either overlapping
the exon-exon borders or they lie in adjacent exons separated by an intron of at least 2
kb.
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Table 2.4 Total RNA concentrations and A260/A280 ratios.

Sample Cong:;;{:‘l:;tmn A_:;.ti:gu
0 Cont. (3
samples 12 1.87
combined)
0 CAF (3
samples 48 20
combined)
20 Cont. 1 352 2.176
20 Cont. 2 249.6 2.156
20 Cont. 3 156.8 2.197
20 CAF 1 275.2 2.154
20 CAF 2 172.8 2.160
20 CAF 3 168 2.1
90 Cont. 1 172.8 2.01
90 Cont. 2 231.2 2.06
90 Cont. 3 196 2.03
90 CAF 1 166.4 2.0
90 CAF 2 187.2 2.01
00 CAF 3 222 40 2.04
Mother Cont. 1 164 2.09
Mother Cont. 2 104.8 2.07
Mother Cont. 3 105.6 2.03
Mother CAF 1 264 2.1
Mother CAF 2 612 2.16
Mother CAF 3 117 2.08
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In addition to the TagMan assay, the SYBR Green Quantitative RT-gPCR experiments
were carried out using an SYBR Green kit (Roche, Germany) for Chromogranin A
gene expression, its primers synthesized according to their NCBI accession
(NM_021655) (Roche, Germany).

2.12.1. Relative normalized expression analysis

The AACt method was used in the relative normalized expression analysis. The AACt
method uses the RT-gPCR output C; value to calculate relative gene expression in
experimental and control samples, using a reference gene as the normalizer. AACt

calculation as below (Rao, X. et al. 2013).
ACt = Ct (Target Gene) — ACt (Reference Gene)
AACt = ACt (Experimental Group) — ACt (Control Group)

Gene expression studies were performed with the Bio-Rad CFX96 Touch RT-gPCR
detection system device. Relative normalized expression analysis was performed with
CFX Maestro v.1.1 software (Bio-Rad Laboratories 2017).

2.12.2. Heatmap analysis

The heatmap analysis is a map of the gene expression results of the experimental and
the control groups, with dendrograms showing upregulated genes between groups or
individual samples. It shows the expression levels (high expression or low expression)
of genes using various clustering algorithms (Alvarez & Doné 2014, Oyelade et al.
2016). Heatmap analysis was performed with CFX Maestro v.1.1 (Bio-Rad

Laboratories 2017) software.
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2.13. Transcriptome analysis - NGS-based RNA sequencing (RNA-Seq)

Total RNA and wet tissue samples of two different individuals from all age groups
except 0 days offspring individuals were used for transcriptome analysis. Zero days of
offspring samples total RNA amount was not enough to run the experiment. Selected
samples were sent to Macrogen Inc., South Korea, and the service was purchased. The
transcriptome raw data was courtesy of Macrogen Inc. which was sent via e-mail. Raw
data were analyzed by Gen-Era Diagnostic, Inc, Turkey as a service provider. Overall

steps of RNA-Seq were described in Figure 2.6.

Sequencing '

Figure 2.6. Overall sequencing experiment steps for RNA-Seq. A. Sample preparation. B. Library
construction C. Sequencing D. Generation of raw data.

2.13.1. Sample Preparation

DNA/RNA was isolated from a sample and used to generate a library. Qualified
samples move on to library construction once quality control (QC) has been
performed. (Macrogen Inc., South Korea).

The targeted DNA was fragmented into several short segments, usually 100-300 bp in
length, using nucleic acid fragmentation. This can be accomplished in a variety of
ways. Several combinations of primers were employed in PCR to amplify the desired
DNA segments. The PCR products were small pieces of DNA that were targeted. The
amplicon assay was the common name for this procedure. After that, the DNA

segments were used to make libraries (Qin 2019).
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2.13.2. Library Construction

The sequencing library was generated after random fragmentation of the DNA or
cDNA sample and 5' and 3' adapter ligation. As an alternative, "tagmentation”
improves the library preparation process by combining the fragmentation and ligation
processes into a single step. Following PCR amplification, adapter-ligated fragments

were gel purified (Macrogen Inc., South Korea).

The process of library preparation involved changing DNA segments so that each
DNA sample could have a unique index, such as sample identification, that could be
used to determine the patient whose DNA was sequenced. During this phase, the
sequencing adaptors can also be added to the DNA segments. Due to this modification,
sequencing primers may now attach to all DNA segments, enabling future massive

parallel sequencing. (Qin, D. 2019).

2.13.3. Sequencing

The library was introduced into a flow cell for cluster production, where fragments
were caught on a lawn of surface-bound oligos that were complementary to the library
adapters. Then, using bridge amplification, each fragment was amplified into unique,
clonal clusters. The templates might be sequenced when cluster formation was finished
(Macrogen Inc., South Korea).

Massively parallel sequencing was carried out using an NGS sequencer. The library
was loaded into a sequencing matrix in a particular sequencer. Depending on the
sequencer, sequencing matrices vary. For instance, the lon Torrent NGS sequencer
utilizes sequencing chips while the lllumina NGS sequencer uses flow cells. However,
it serves the same objective, which is to enable massive parallel sequencing of all DNA
segments simultaneously. The sequence data produced by massive parallel sequencing
was evaluated using bioinformatics tools (Qin 2019).
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The Illumina SBS (USA) technology makes use of a unique, terminator-based
reversible technique to identify single bases as they are added to DNA template
strands. Natural competition reduces incorporation bias and significantly lowers raw
error rates in comparison to other methods since all four reversible, terminator-bound
dNTPs were present throughout each sequencing cycle. As a result, homopolymers
and repeated sequence sections may be sequenced with extremely high base-by-base

accuracy, completely eliminating context-specific mistakes.

2.13.4. Generation of Raw Data

Utilizing sequencing control software for system control and base calling through an
integrated primary analysis program called RTA, the Illumina sequencer (USA)
creates raw images (Real Time Analysis). Using the lllumina software bcl2fastq, the
BCL (base calls) binary was transformed into FASTQ. No adapters were removed

from the readings (Macrogen Inc., South Korea).

2.14. Western Blotting Studies

2.14.1. Protein Isolation from Pancreatic Tissues

Empty tubes of 1.5 mL were weighed, tared, and labeled. The tissue was divided into
small pieces as much as possible with the help of a scalpel. These parts were taken into
the tube and washed with PBS. The tissue pieces purified from blood were pulverized
in a mortar with the help of liquid nitrogen. The powdered extract was taken into the
tube and weighed beforehand. A volume of approximately 2.5X the weight of tissue
(gram-mL, mg-uL) lysis buffer was added to the tube. Water bath sonication was used
for homogenization. The homogenized extract was centrifuged for 45 min. at
maximum speed. The supernatant with the protein mixture was taken into a separate

tube and was stored at -20°C if it was not used immediately. Before starting the
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Western blot application, the centrifuge step was applied again to make the mixture

cleaner. The protein mixture was taken into special low-binding tubes.

2.14.2. Protein Quantification

The total amount of protein in the protein mix was determined by the Bradford assay
(Thermo 1X Reagent, USA) based on the manufacturer's instruction and, ug of protein
per uL were determined using the ELISA reader device (Tecan, Switzerland). BSA
(Bovine Serum Albumin) standards were used to determine the amount of protein in

the samples. The following steps were applied to determine the amount of protein:
For blank, 5 uL of distilled water was loaded into ELISA plate wells in 3 replicates.

BSA Standards were prepared as 250, 500, 750, and 1000 pg/uL and loaded in 3
replicates of 5 uL of the 96-well plates. Protein mixtures were diluted and 5 uL were
loaded in 3 repetitions. Then, 245 pL of Bradford solution was put on all samples. It
was incubated at RT for 15 min. The plate was placed on the ELISA reader and the

amount of protein was determined by measuring it at 595 nm wavelength.

OD values and total protein amounts (nug/uL protein) were determined by using the
reader device with the Bradford method (Appendix Table B.1.).

2.14.3. Samples Preparation for SDS PAGE gels and the blotting protocol

Protein samples of each group were mixed with the loading buffer (4X Laemmli
Buffer). For each group, there were n=3, technical replicates. Thirty ug protein was
used for each sample then heated at 95°C for 5 min. and loaded into the wells. 10-well
BIO-RAD Mini-PROTEAN TGX Precast Polyacrylamide Gels were used. Thermo
Fisher (PageRuler™ Plus Prestained Protein Ladder, 10 to 250 kDa- USA) protein
standard was used as the protein standard (Appendix Figure B.2). Execution started
with 100 V. then it was continued with 150 V. The gels were taken into containers
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with 1X transfer buffer (Towbin transfer buffer). PVDF membrane was cut to size of
the gel and incubated for 3 minutes with 100% methanol on the shaker. The membrane
and gel were washed in a shaker with 1X TBS. It was flattened with a cylinder to avoid
any air bubbles. Then, the membrane and the gel were loaded into a Western blot
transfer device (BIO-RAD Trans-Blot Turbo Transfer) by the sandwich method.

When the system was ready, the device was transferred in accordance with BIO-RAD
Mini-PROTEAN TGX Precast Gel user manual for 7 min. at 25V, 2.5A. Membranes
to which proteins were transferred were blocked in TBST with 5% BSA (blocking
buffer) for 1.5 hours at RT on a shaker. Blocking buffer was poured out and the
membrane was washed once with 1X TBST on the shaker for 5 min. The insulin
primary Ab was diluted 1: 2000 with a blocking buffer and the membranes were
incubated at 4°C overnight. After the incubation, the membranes were washed 4X for
5 min. with 1X TBST on a shaker at RT. Anti-Rabbit secondary antibody was diluted
1: 5000 in the blocking buffer and the membranes were incubated for 1h at RT on a
shaker. After the incubation, the membranes were washed 4X for 5 min. with 1X TBST
on a shaker at RT. Membranes were incubated with HRP conjugated ECL (Bio-Rad,
USA) for 30 sec and were imaged on ChemiDOC Imaging System (Bio-Rad, USA).
The imaged membrane was placed in 1X TBST for anti-beta actin as an internal control
for the protein study. Images analyzed with ImageJ software v.1.8.0 (Rasband, W.S.
2018).

2.15. ELISA Assay

Rats” plasma insulin level analyzes were performed with the Enzyme-Linked
Immunosorbent Assay (ELISA) kit (Mouse/Rat Insulin ELISA kit, Millipore, USA)

according to the manufacturer's instructions.
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2.16. Statistical analysis

Independent Samples t-test for data analysis and the customary threshold of *p<0.05
to declare a statistically significant difference with IBM SPSS Statistic 26 software
(IBM Corp. 2019) was used in all experiments otherwise indicated. The values are
mean + SEM) unless indicated.
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CHAPTER 3

RESULTS

3.1. Prepregnancy Body Weight

There was a statistically significant difference in body weights between prepregnancy
the control and CAF group mothers (Figure 3.1). The mean weight of the CAF group
was 570g and the mean weight of the control group was 310g (****p< 0.0001). As a

result, the CAF group was considered as obese after 8 months of cafeteria diet.
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Figure 3.1. Body weights of mother Wistar rats before pregnancy (Control group, n = 10, CAF

group, n = 10). Mother rats fed with CAF were statistically obese compared to the control group (****p
<0.0001) (Teker 2014).
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3.2. Glucose tolerance test

According to the 2-h blood glucose measurement results obtained in the glucose
tolerance test performed, it was observed that the blood glucose level in the CAF group
did not fall below 200 (mg/dL) at the end of 2 h, and the blood glucose level in the
control group was normalized. After the cafeteria diet were provided to the CAF group,
it was determined that individuals in the CAF group may have developed insulin
resistance, which is an important marker of T2D (Figure 3.2) (****p<0.0001, n=10
rats/group).
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Figure 3.2. Blood glucose levels of mother Wistar rats before pregnancy (Control group n = 10,
CAF group n = 10). CAF fed mother rats showed statistically significant hyperglycemia (****p
<0.0001) (Teker 2014).

46



3.3. Immunohistochemical Staining for anti-Glucagon in Mother Pancreas

The immunohistochemistry (IHC) was performed using anti-glucagon for pancreatic
tissues of the mother group (Figure 3.3). The unit of area for the CAF group was
4200+1000 mm? and the control group was 800+100 mm? for the expression of
glucagon hormone. As shown in Figure 3.4 the statistical analysis of the IHC data for

anti-glucagon (n=3) was statically significant (**p< 0.01).

CONTROL

CAF

Figure 3.3. Images of immunohistochemistry of beta cells from the mother rats' pancreas using
anti-glucagon (anti-Glucagon: red). (Scale bars = 100 um, 40X objective). (n=3, each panel represents
n=1).
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Figure 3.4. Quantitative analysis of IHC for anti-glucagon on mothers' pancreatic sections. The
stained area was acquired by using the ImageJ program. The CAF group had 4200+£1000 mm? (SEM)
and the control group 800 + 100 mm? (SEM). (**p< 0.01).

3.4. 20 days and 90 days Offspring Body Weight
When the body weight of 20 days of offspring were measured it was found to be 45 +
3 g (n=6) for the control group vs. the CAF group body weight of 20 days old offspring

was 30 = 2 g (n=6). The weight difference between the groups was statistically

significant (***p<0.0001) (Figure 3.5).
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Figure 3.5. Body weights of 20 days of offspring. The control group weight was 45+3 g (SEM) and
the CAF group was 30 + 2 g (SEM). In both groups (n=6). (***p <0.0001).

When the average body weights of the 90 days offspring were examined (Figure 3.6),
the average body weight of the control group was 360 + 3 g (SEM) and the average

body weight of the CAF group was 370 + 2 g (SEM) with no statistically significant
difference between the groups.
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Figure 3.6. Body weights of 90 days of offspring. The control group weight was 360 + 3 g (SEM) and
the CAF group was 370 + 2 g (SEM). (Control group, n = 6, CAF group, n = 6).
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3.5. Plasma Insulin Levels of Offspring

Insulin levels were obtained from plasma samples of 20 days and 90 days old offspring
and measured with ELISA assay. The results showed that the control group insulin
levels were higher; 2.2 £ 0.6 pg/mL than the CAF group insulin levels 0.98 + 0.2
pg/mL in 20 days offspring which showed a statistically significant change between
the groups (Figure 3.7) (*p<0.05). There was no significant difference between the
control vs. the CAF groups of 90 days offspring plasma insulin levels as the results
indicated that the control group had 1.98 £+ 0.5 pg/mL vs. the CAF group had 2.3 + 1
pg/mL (n = 6) (Figure 3.8).

Plasma Insulin (pg/mL)

CONTROL CAF

Figure 3.7. Plasma insulin levels of 20 days offspring. Plasma insulin levels of the control group was
2.2 £0.6 pg/mL (SEM), CAF group was 0.98 + 0.2 pg/mL (SEM) (Control group, n = 6, CAF group, n
= 6) (*p<0.05).
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Figure 3.8. Plasma insulin levels of 90 days offspring. Plasma insulin levels of the control group was
1.98 £ 0.5 pg/mL (SEM), CAF group was 2.3 £ 1 pg/mL (SEM) (n = 6). No statistically significant
values were detected between the groups.

3.6. Assessment of Islet Functional Potency by Glucose Stimulated Insulin
Secretion

After determining pancreatic cell viability tests, isolated islet cells of all offspring (0,
20, 90 days) control and CAF groups were exposed to both low (3,3 mM) and high
(16,7 mM) glucose concentrations for 48 h. Results of the ELISA assay showed that
there was no significant difference in insulin secretion from the islet cells between the
control and the CAF groups of 0 days offspring (Figure 3.9 and Figure 3.10) and 90
days offspring (Figure 3.13 and Figure 3.14). The values are mean = SEM). The
control group 0 days offspring secreted levels of insulin at low glucose were 12.9+0.96
ng/mL at 0" h, 5.05+0.30 ng/mL at 24" h, 12.5+0.92 ng/mL at 48" h. For this group,
insulin secretion levels from the islet cells were not statistically significant compared
to the control group (p>0.05). The CAF group 0 days offspring levels of insulin
secretion from the islet cells at high glucose were 6.15+0.34 ng/mL at 0" hour,
2.29+0.04 ng/mL at 24" hour, 5.38+1 ng/mL at 48" h. However, the CAF group islet
cells of 20 days offspring CAF group secreted more insulin vs. the control group
(Figure 3.11 and Figure 3.12).
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Figure 3.9. Static low concentration glucose stimulated insulin secretion of isolated islet cells of 0
days of offspring The values are mean + SEM). The CAF group 0 days' offspring levels of insulin were

6.15 + 0.34 ng/mL at Oth h, 2.29 + 0.04 ng/mL at 24™ h, 5.38 + 1 ng/mL at 48™ h. The control group 0
days' offspring levels of insulin were 12.9 + 0.96 ng/mL at oth h, 5.05 + 0.30 ng/mL at 241 h, 12.5 +

0.92 ng/mL at 48™ h. Insulin secretion levels from the islet cells were not statistically significant
between the groups (p>0.05).
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Figure 3.10. Static high glucose stimulated insulin secretion of isolated islet cells of 0 days

offspring. Values are mean = SEM. CAF group 0 days offspring levels of insulin were 17.3 + 0.49
ng/mL at 0™ hour, 11.5 + 1.50ng/mL at 24™ hour, 13.4 = 2.36 ng/mL at 48" hour. Control group 0 days

offspring levels of insulin were 10.1 + 0.98 ng/mL at 0" h., 5.05 % 0.30 ng/mL at 24" h., 3.92 + 0.81
ng/mL at 48" h.
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Figure 3.11 showed that the low concentration of glucose (3.3 mM) in the control and
the CAF group 20 days offspring levels of insulin were 7.43 + 0.14 ng/mL at 0" h,
1.41 +0.18 ng/mL at 24" h, 5.34 + 0.27 ng/mL at 48" h. (*p<0.05). The control group
20 days offspring levels of insulin from the islet cells were 4.11 £ 0.27 ng/mL at Oth
h, 1.44+0.27 ng/mL at 24" h, 1.23 £ 0.07 ng/mL at 48" h. In this category, the insulin

levels were statistically significant higher in the CAF group vs. the control (*p<0.05).
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Figure 3.11. Static low glucose stimulated insulin secretion of isolated islet cells of 20 days
offspring Values are mean + SEM. The CAF group 20 days' offspring levels of insulin were 7.43 +

0.14 ng/mL at 0" h, 1.41 + 0.18 ng/mL at 24™ h, 5.34 + 0.27 ng/mL at 48 h. The control group 20
days offspring levels of insulin were 4.11 + 0.27 ng/mL at 0™ h, 1.44 + 0.27 ng/mL at 24" h, 1.23 +

0.07 ng/mL at 48" h. The insulin levels were statistically significant between the groups *p<0.05.

Figure 3.12 showed high concentration of glucose (16.7 mM) in the control and the
CAF group 20 days of offspring levels of insulin from the islet cells. It was 9.99 + 0.64
ng/mL at 0" h, 6.27 + 0.35 ng/mL at 24" h, 5.38 ng/mL at 48" h. The control group 20
days offspring levels of insulin of the islet cells were 4.11 = 0.27 ng/mL at Oth h, 1.44
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+0.27 ng/mL at 24" h, 1.23 + 0.07 ng/mL at 48" h. Insulin levels were higher in the
CAF group vs. the control at the high concentrations of the glucose (*p<0.05).
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Figure 3.12. Static high glucose stimulated insulin secretion of isolated islet cells of 20 days

offspring. Values are mean + SEM. The control and CAF groups at 0™ 24" and 48" hours. The CAF
group 20 days offspring levels of insulin were 9.99 + 0.64 ng/mL at Oth hour, 4.54 + 0.61 ng/mL at 241
h, 6.27 + 0.35 ng/mL at 48" h. The control group 20 days offspring levels of insulin were 4.11 + 0.27

ng/mL at 0" h, 1.44 + 0.27 ng/mL at 24" h, 1.23 + 0.07 ng/mL at 48" h (*p<0.05)

Figure 3.13 showed that low concentration of glucose (3.3 mM) on the control and the
CAF group 90 days offspring levels of insulin were 17.01 = 2.71 ng/mL at 0" h, 20.45
2.67 ng/mL at 24" h, 9.33 + 1.16 ng/mL at 48" h. The control group 90 days offspring
levels of insulin of the islets were 20.44 + 1.45 ng/mL at Oth h, 18.19 +2.69 ng/mL at
24" h, 4.37 + 0.36 ng/mL at 48" h. No statistically significant difference was detected
between the groups (p>0.05).
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Figure 3.13. Static low glucose stimulated insulin secretion of isolated islet cells of 90 days

offspring. Values are mean = SEM. The CAF group 90 days offspring levels of insulin of islet cells

were 17.01 +2.71 ng/mL at 0 h, 20.45 + 2.67 ng/mL at 24™ h, 9.33 + 1.16 ng/mL at 48" h. The control
group 90 days offspring levels of insulin of the islets were 20.44 + 1.45 ng/mL at oth h, 18.19 + 2.69

ng/mL at 24" h, 4.37+0.36 ng/mL at 48" h. There was no statistical significant difference between the

groups (p>0.05).

Figure 3.14 showed that high concentration of glucose (16.7 mM) on the control and
the CAF group 90 days offspring levels of insulin were 141.30 + 6.61 ng/mL at O™
hour, 46.56 + 3.82 ng/mL at 24" hour, 15.13 + 1.68 ng/mL at 48" hour. The control
group 90 days offspring levels of insulin were 132.84+ 6.30 ng/mL at 0" hour, 49.61=
8.04 ng/mL at 24" h, 9.44 £ 0.27 ng/mL at 48™ h. There was no statistically significant
difference between the groups.
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Figure 3.14. Static high glucose stimulated insulin secretion of isolated islet cells of 90 days
offspring Values are mean = SEM. The CAF group's 90 days offspring levels of insulin were 141.30+

6.61 ng/mL at Oth hour, 46.56 + 3.82 ng/mL at 24" h, 15.13 + 1.68 ng/mL at 48" h. The control group
90 days offspring levels of insulin were 132.84+ 6.30 ng/mL at the oth hour, 49.61+ 8.04 ng/mL at the

241 h, and 9.44 + 0.27 ng/mL at the 48" h. No statistical significance between the groups (p>0.05).

3.7. Assessment of Viability of Islet Cells

Islet cell viability studies were performed on 0 days, 20 days, and 90 days offspring
pancreases. For 0 days offspring samples were analyzed 0", 24™ and 48 h. but for 20
days and 90 days offspring samples were analyzed on the 0™, 24™" 48" and 72" h. The
images of bright-field of islet cells appear in the left panel, images of live cells stained
with fluorescein diacetate (FDA) in the middle panel, and dead cells stained with
propidium iodide (PI) in the right panel (Figures 3.15, 3.16, 3.18, 3.19, 3.21, and 3.22).

The results of cell viability of pancreatic islets for the 0 days old offspring of the
control group were shown in Figure 3.15. In the observed results, the viable cell rate
for the 0™ h was 93.92%, 88.69% for the 24™ h, and 96.52% for the 48" h.
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Dead cell rates were determined as 6.08% for the 0™ hour, 11.31% for the 24™ h., and
3.48% for the 48™ h.

CONTROL

Figure 3.15. Cell viability of isolated pancreatic islets of 0 days offspring control group. Propidium
iodide (P1)-fluorescein diacetate (FDA) staining was performed on isolated islet cells at Oth, 24th, 48t

h.Bright-field (left panel), FDA-stained (middle panel) green; live cells, and Pl-stained (right panel)
red; dead islets were shown by fluorescence microscopy (Magnification top lane 200X, bottom lane
400X).

Figure 3.16 showed the cell viability of pancreatic islets for the 0 days old offspring
of the CAF group. As results showed, the viable cell rate for the 0" h was 88.38%,
89.90% for the 24™ h, and 92.57% for the 48" h. Dead cell rates were determined as
11.62% for 0™ h, 10.1% for 24™ h, and 7.43% for 48" h.
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Figure 3.16. Cell viability of isolated pancreatic islets of 0 days offspring CAF group. Propidium
iodide (PI)-fluorescein diacetate (FDA) staining was performed on isolated islet cells at 24th, 48" .

Bright-field (left panel), FDA-stained (middle panel) green; live cells, and Pl-stained (right panel) red;
dead cells islets were shown by fluorescence microscopy (Magnification 400X).

24
Hours

When 0 days old offspring isolated islet cells of the control and CAF groups were
compared with each other a significant difference was detected in the viability rates
between the groups at the 48" h samples (**p<0.01) (Figure 3.17) that there was lower
% of viable cells in the CAF group vs. the control group.
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Figure 3.17. The percentage of live pancreatic cells of 0 day old offspring. At 48 h, the CAF group

had lower viable islet cells vs. the control islet cells (** p<0.01).

The results of cell viability of pancreatic islets for the 20 days old offspring of the
control group were shown in Figure 3.18. As observed, the viable cell rate for 0" h
was 64.98%, 93.71% for 24™ h, 91.45% for 48™ h, and 91.03% for 72" h. Dead cell
rates were determined as 35.02% for 0™ h, 6.29% for 24" h, 8.55% for 48" h, and
8.97% for 72" h.
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Figure 3.18. Cell viability of isolated pancreatic islets of 20 days offspring control group.

Propidium iodide (Pl)—fluorescein diacetate (FDA) staining was performed on isolated islet cells at the
24th, 48" and 72" h, Bright-field (left panel), FDA-stained (middle panel) green; live cells, and PI-

stained (right panel) red; dead islets were shown by fluorescence microscopy (Magnification top lane
200X, bottom lane 400X).

Figure 3.19 showed the cell viability of pancreatic islets for the 20 days old offspring
of the CAF group. In the results observed, the viable cell rate for 0" h was 73.19%,
75.39% for 24" h, 77.65% for 48" h, and 75.91% for 72" h. Dead cell rates were
determined as 26.81% for 0" h, 24.61% for 24™ h, 22.35% for 48™ h, and 24.09% for
72",
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Figure 3.19. Cell viability of isolated pancreatic islets of 20 days offspring CAF group. Propidium

iodide (P)-fluorescein diacetate (FDA) staining was performed on isolated islet cells at the 24th, 48t

and 72" h. Bright-field (left panel), FDA-stained (middle panel) green; live cells, and Pl-stained (right

panel) red; dead islets were shown by fluorescence microscopy (Magnification top lane 200X, bottom
lane 400X).

20 days old offspring control and CAF groups were compared with each other and
statistical analyzes were performed a significant difference was obtained in the
viability rates between the 24" h (****p<0.0001), 48" h (***p<0.001), and 72" h
samples (*p<0.023) (Figure 3.20) accordingly.
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Figure 3.20. The percentage of live pancreatic cells of 20 days old offspring. At 20”‘,48th and 721"

h, the viable cells % were lower in the CAF group vs. the control (*p <0.05, ***p <0.001, ****p
<0,0001).

Lastly, results of cell viability of pancreatic islets for the 90 days old offspring control
group were shown in Figure 3.21. As determined, the viable cell rate for 0" h was
94.19%, 95.36% for 24™ h, 90.83% for 48™ h, and 84.04% for 72" h. Dead cell rates
were determined as 5.81% for 0™ h, 4.64% for 24" h, 9.17% for 48" h, and 15.96%
for 72" h.
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Figure 3.21. Cell viability of isolated pancreatic islets 90 days offspring control group. Propidium

0 Hour
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iodide (P)-fluorescein diacetate (FDA) staining was performed on isolated islet cells at the 24th, 48t

and 72" h. Bright-field (left panel), FDA-stained (middle panel) green; live cells, and Pl-stained (right

panel) red; dead islets were shown by fluorescence microscopy (Magnification 400X).

Figure 3.22 showed the cell viability of pancreatic islets for the 90 days old offspring
CAF group. In the results observed, the viable cell rate for 0™ h was 94.79%, 91.70%
for 24" h, 93.82% for 48" h, and 85.46% for 72" h. Dead cell rates were determined
as 5.21% for 0™ h, 8.3% for 24™ h, 6.18% for 48" h, and 14.54% for 72" h.
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Figure 3.22. Cell viability of isolated pancreatic islets of 90 days offspring CAF group. Propidium
iodide (PI)—fluorescein diacetate (FDA) staining was performed on isolated islet cells at the 24", 48"
and 72" h. Bright-field (left panel), FDA-stained (middle panel) green; live cells, and Pl-stained (right

panel) red; dead islets were shown by fluorescence microscopy (Magnification 200X).

90 days old offspring the control and CAF groups were compared with each other
according to the analysis results, there is no significant difference between any groups
(Figure 3.23) (p>0.05).
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Figure 3.23. The percentage of live pancreatic cells of 90 days old offspring. There was no

statistically significant difference between groups (p>0.05).

3.8. Morphometric analysis of Islet Cells

The following Figure 3.24 and Figure 3.25 were the results of HE staining images of
sections of 20 days offspring rats' pancreatic tissues. As seen in the images, there was
a significant decrease in Langerhans islet cell size in the 20 days offspring CAF group
(Figure 3.25) compared to the 20 days old offspring control group (Figure 3.24). Based
on the statistical analysis results of HE staining in Figure 3.26, islet cell area (mm?)
was higher in the 20 days offspring control group vs. the CAF group (n=4/rat). Twenty

sections were evaluated for each group of animals.
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Figure 3.24. HE stained histopathological sections of 20 days offspring control group pancreas.

Red circles indicate islet cells (n=4/rat) Scale bar; left 2mm, middle 600 pm, right 100 pum.
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Figure 3.25. HE stained histopathological sections of 20 days offspring CAF group pancreas. Red
circles indicate islet cells (n=4/rat) Scale bar; left 2mm, middle 600 pwm, right 100 pm.
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Figure 3.26. The average area of the islet cells of 20 days offspring control vs CAF groups. It was
determined that the mean islet cell area was higher in the 20 days offspring control group vs. the 20
days offspring CAF group. Twenty tissue section images were evaluated for each group. The data were

expressed as mean = SEM. P values were calculated by independent sample t-test (n=4) (** p < 0.001).

Results of images of Langerhans Islands of 90 days old offspring control (Figure 3.27)
and 90 days old offspring CAF groups (Figure 3.28.) for the islet cell size were shown
that islet cells of Langerhans appear to be shrunken 3 times in the 90-day old offspring
CAF group (Figure 3.28) compared to the 90-day old offspring control group (Figure
3.27). Statistical analysis results of HE staining of the sections indicated in Figure 3.29,
that the CAF group average islet cells area was lower (0.02 mm?) than the control

group islet cells area (0.06 mm?) (**p<0.001).
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Figure 3.27. 90 days offspring control group pancreatic islet cells were stained with HE. Red circles

indicate islet cells. (n=4/rat) Scale bar; left 2mm, middle 600 pm, right 100 pm.
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Figure 3.28. 90 days offspring CAF group pancreatic islet cells were stained with HE. Red circles
indicate islet cells. (n=4/rat) Scale bar; left 2mm, middle 600 wm, right 100 pm.
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Figure 3.29. The average area of the islet cells of 90 days old offspring control vs. CAF groups. It
was observed that the mean islet cell area was higher in the 90 days offspring control group compared
to the 20 days offspring CAF group. 20 tissue section images were evaluated for each experimental
group. The data were expressed as mean + SEM. P values were calculated by independent sample t-test
(n=4/rat) ** p < 0.001.

HE stained islet cells in pancreatic tissue sections were shown in the mother control
(Figure 3.30) and the mother CAF group (Figure 3.31). Langerhans islet cell size was
not significantly different between the mother control and CAF groups. Statistical
analyses of the results of staining of the groups were shown in Figure 3.29 that there

was no statistically significant difference between the groups (p>0.05).
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Figure 3.30. Pancreatic tissue sections of the mother control group were stained with HE. Red

circles indicate islet cells (n=4/rat) Scale bar; left 2mm, middle 600 pwm, right 100 pm.
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Figure 3.31. Pancreatic tissue sections of the mother control group. Sections were stained with HE.

Red circles indicate islet cells. (n=4) Scale bar; left 2mm, middle 600 um, right 100 pm.
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Figure 3.32. The average area of the islet cells of mother control and CAF groups. No statistical
significant difference was observed between the control and CAF groups. 20 tissue section images were

evaluated for each group. The data were expressed as mean = SEM. (n=4/rat).

3.9. Gene Expression Studies

Expression levels of differentiation marker genes for Neurog3, Pdx1, Ins2, Sst, Gcg,
FoxO1, Chga, Vim were studied by RT-qPCR from frozen pancreatic tissue samples
of control and CAF groups. The results were grouped according to the age of the
individuals. The expression levels of the genes belonged to n=3/rat in each age group
of offspring and the mother group. These gene expressions were studied for the control
and CAF experimental groups and comparative analyzes were applied. RNA sample
nucleic acid concentrations and absorbance ratios were noted as shown in Table 2.4.
All RNA samples” 260/280 and 260/230 absorbance ratios indicated that the samples
were pure and free of contaminants including gDNA or proteins, phenols or other

contaminants.
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3.1.1. RT-gPCR results

According to relative gene expression profiles; Neurog3, Gcg, and Vim gene
expressions were upregulated in the mothers’ CAF group compared to the mothers’
control group. While Pdx1, Ins2, and FoxO1 gene expressions were upregulated in the
mother control group compared to the mothers' CAF group (n=4/rat). Fold change
analysis of the expression differences between the groups was compared and presented
in Figure 3.33. As it was shown in Figure 3.33 Neurog3 (1fold), Pdx1 (2 fold), Ins2 (2
fold), FoxO1 (2 fold), Vim (0.5 fold) expressions were significantly upregulated
(****p<0.0001), and Gcg (0.5 fold) gene expressions were also upregulated
(**p<0.01) in the mother CAF group.
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Figure 3.33. Relative normalized gene expression profiles of the mother control and CAF groups.
The values are mean + SEM (**p < 0.01, **** p<0.0001) (n=3/rat).

The heatmap graph of gene expression data for the mother CAF and control groups
showed that FoxO1, Ins2 and Pdx1 genes were significantly up-regulated (upper red
colored blocks); while Gecg, Vim, and Neurog3 genes were down-regulated (upper
green colored blocks) in the mother control group. For the mother CAF group, Gcg,

Vim and Neurog3 genes were significantly up regulated (bottom red colored blocks);
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while FoxO1, Ins2, and Pdx1 genes were significantly down-regulated (bottom green
blocks) (Figure 3.34).

CONTROL

Figure 3.34. The mRNA expression profile of mothers CAF and Control groups. Genes clustered

according to their expression patterns. Green: down-regulated, Red: up-regulated.

According to relative gene expression profiles, Neurog3 and Gcg gene expressions
were significantly upregulated in the 0 days old offspring CAF group compared to 0
days old offspring control group. While Ins2 and FoxO1 gene expressions were up-
regulated in the 0 days old offspring control group compared to the 0 days old offspring
CAF group. Fold change analysis of the expression differences between the groups
were compared and the heatmap (Figure 3.36) also showed that significant differences
were found in Neurog3 (1.5 fold), Ins2 (0.5 fold), FoxO1 (2 fold) and Gcg (5 fold)
genes between the groups (****p<0.0001) (Figure 3.35).
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Figure 3.35. Relative normalized gene expression profiles of 0 days old offspring control and CAF
groups. The values are mean + SEM (****p<0.0001) (n=3/rat).

Heatmap graph of gene expression data for the O days offspring CAF and control
groups were shown in Figure 3.36. For the CAF group, Gecg and Neurog3 genes were
up regulated (upper red colored blocks); and Ins2 and FoxO1l genes were down
regulated (upper green colored blocks). For the control group, Ins2 and FoxO1 genes
were up regulated (bottom red colored blocks); but Geg and Neurog3 genes were down
regulated (bottom green blocks) (Figure 3.36).
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Figure 3.36. The mRNA expression profile of 0 days old offspring CAF and Control groups. Genes

clustered according to their expression patterns. Green: down regulated, Red: up regulated.
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According to relative gene expression profiles, Neurog3, Gcg, and Vim gene
expressions were significantly upregulated in the 20 days old offspring CAF group
compared to the 20 days old offspring control group. Whereas, Ins2 and FoxO1 gene
expressions were down regulated in the 20 days offspring CAF group compared to the
20 days offspring control group. When those genes expression differences between the
groups were compared there were statistically significant in Neurog3 (1 fold), Ins2 (2
fold), Geg (1 fold), FoxO1 (1 fold), and Vim (0.5 fold) genes (****p<0.0001) (Figure

3.37).
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Figure 3.37. Relative normalized gene expression profiles of 20 days old offspring control and
CAF groups. The values are mean = SEM (**** p<0.0001) (n=3/rat).

A Heatmap graph of gene expression data for the 20 days old offspring CAF and
control groups were shown in Figure 3.38. For the CAF group, Vim, Gcg and Neurog3
genes were up-regulated (upper red colored blocks); but Ins2 and FoxO1 genes were
down-regulated (upper green colored blocks). For the control group, Ins2 and FoxO1
genes were up-regulated (bottom red colored blocks); while Vim, Gcg and Neurog3
genes were down-regulated (bottom green blocks) (Figure 3.38).
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CONTROL

Figure 3.38 The mMRNA expression profile of 20 days old offspring CAF and control groups. Genes

clustered according to their expression patterns. Green: down regulated, Red: up-regulated.

According to relative gene expression profiles, Neurog3, Gcg, and Vim gene

expressions were up-regulated in the 90 days old offspring CAF group compared to

the 90 days old offspring control group. Ins2, Sst, and FoxO1 gene expressions were

up-regulated in the 90 days offspring control group vs. 90 days old offspring CAF

group. When the expression differences between the groups were compared

statistically significant differences were determined in Neurog3 (1 fold) and FoxO1
(~5 fold) (****p<0.0001), Ins2 (~4 fold), Sst (~0.2 fold), and Vim (~0.2 fold) genes
(*p<0.05) (Figure 3.39) as indicated in the heatmap (Figure 3.40).
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Figure 3.39. Relative normalized gene expression profiles of 90 days old offspring control and
CAF groups. The values are mean = SEM (ns p>0.05, * p<0.05, **** p<0.0001) (n=3/rat).
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Heatmap graph of gene expression data for the 90 days old offspring CAF and control
groups were shown in Figure 3.40. For the CAF group, Vim, Gcg and Neurog3 genes
were up-regulated significantly (upper red colored blocks); while Ins2, FoxO1 and Sst
genes were down regulated (upper green colored blocks). For the control group, Ins2,
FoxO1 and Sst genes were up regulated (bottom red colored blocks) but Vim, Gcg and
Neurog3 genes were down regulated (bottom green blocks) (Figure 3.40).
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Figure 3.40. The mRNA expression profile of 90 days old offspring CAF and control groups. Genes
clustered according to their expression patterns. Green: down regulated, Red: up regulated.

According to the relative gene expression profile of Chga, Chga expression was
statistically significantly higher in the CAF groups of all offspring age groups
compared to the control groups (****p<0.0001) (Figure 3.41).

Since Chga is an important progenitor endocrine cell marker for dedifferentiation of
pancreatic beta cells in rodent diabetes (Amo-Shiinoki et al. 2021) it has been shown

separately for all experimental groups.
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Figure 3.41. Relative gene expression profile of Chga gene. 0, 20, and 90 days old offspring control
CAF groups. The values are mean + SEM Chga gene expression was significantly up regulated in all
groups (**** p < 0.0001) (n=3/rat).

3.10. Transcriptome analysis - NGS-based RNA sequencing (RNA-Seq)

A comprehensive comparison of RNA-Seq-based transcriptome analysis was
employed to compare 20 days and 90 days old offspring control groups vs. 20 days
and 90 days old offspring CAF group pancreatic tissues. Multidimensional scaling
(MDS) or Principal Component Analysis (PCA) was performed to best understand
profile similarities between samples for gene expression analysis. The graph enables
visualization of unsupervised similarities and differences between samples (3.42). The
results indicated that there were nearly 938 genes quantitively differing in expressions
within the 20 days old two offspring groups (Figure 3.43) while there were 390 genes
quantitively differing in expressions within the 90 days old two offspring groups

(Figure 3.46). Later, a volcano plot was used to define the genes in how differently
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they were expressed. It showed the distribution of all genes according to their logFC
and FDR (False Discovery Rate) values (Figure 3.44, Figure 3.47). The genes shown
in red represent statistically significant differentially expressed genes between the two
groups (Figure 3.44).

Using heat map, it was plotted that the expressions of the 50 genes that show the most
differences in terms of expression between 20 and 90 days old control and CAF

offspring groups (Figure 3.45).

Data on read counts were normalized, and differential expression analysis was utilized
to find quantitative differences in expression levels across the experimental groups.
(Figure 3.43, Figure 3.46). Depending on the functional properties of the genes for
expression analysis, they were assigned to predefined terms or groups. It has been

interpreted using the Gene Ontology classification system (Figure 3.49).
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Figure 3.42 MDS plot of gene expression profiles of 20 and 90 days old offspring groups tissue
samples. Samples were clustered together according to their main groups, control and CAF groups.
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Figure 3.43 Differentially expressed genes in 20 days old offspring pancreas. The numbers of genes
showing a significant increase or decrease in expression after the comparison between the groups
According to the analysis between 20 CAF and 20 control groups, expression increased in only 20

genes; but expression decreased in 918 genes in the CAF group respect to the control group.
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Figure 3.44 VVolcano plot of 20 days old offspring pancreatic genes expressions. The graph showed
the distribution of all genes according to their logFC and FDR values. Genes shown in red represent
statistically significant genes between the two groups. The genes with statistically significant
differences as a result of group comparison were listed according to their FDR values. The logFC value
in the table shows how many folds change the gene has in the second group compared to the first group;

P Value refers to the P value after the statistical analysis, and FDR refers to the False Discovery Rate

value. P and FDR values were rounded up to the 5th digit.
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Figure 3.45 The heat map of 20 and 90 days old offspring. Shows the expressions of the 50 genes
that show the most differences in terms of expression in the groups compared.
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In Figure 3.48 gene ontology interpretation method used as a classification system, in
which genes were assigned to predefined terms or groups depending on their functional
properties. It was used to take a functional profile of these gene groups to better

understand the underlying biological processes.
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Figure 3.46 Differentially expressed genes in 90 days old offspring pancreas. The numbers of genes
showing a significant increase or decrease in expression after the comparison between the groups.
According to the analysis between the 90 CAF and 90 control groups, expression increased in only 384

genes; but expression decreased in 6 genes.
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Figure 3.47 Volcano plot of 90 days old offspring pancreatic genes expressions. The graph showed
the distribution of all genes according to their logFC and FDR values. Genes shown in red represent
statistically significant genes between the two groups. The genes with statistically significant
differences as a result of group comparison were listed according to their FDR values. The logFC value
in the table shows how many fold changes the gene has in the second group compared to the first group;
P Value refers to the P value after the statistical analysis, and FDR refers to the False Discovery Rate

value. P and FDR values were rounded up to the 5th digit.
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Figure 3.48 Gene Ontology (GO) enrichment analysis of the differentially expressed genes in 20
and 90 days old offspring. The numbers of enriched genes according to the (A) biological process, (B)

cellular component and (C) molecular function categories.



3.11. Western Blot Analysis

In order to determine insulin protein content in the pancreatic tissues, Western blot
analysis was performed using anti-insulin. Figure 3.49 showed a representative
Western blot image and the densitometric analysis of insulin (12 kDa) protein levels
in 20 days old offspring. The protein levels were normalized with beta actin (42 kDa)
which was the internal control. The data were expressed as arbitrary units obtained by
analyzing the bands using the software ImagelJ. showed that there was no difference in

the insulin levels in the pancreases of these groups (p>0.05).
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Figure 3.49. Representative image of Western blot for anti-insulin in 20 days old offspring
pancreas. Thirty pg protein samples were loaded to each lane. Insulin protein levels in pancreatic
tissues of 20 days old offspring control and CAF groups were obtained and anti-beta actin was used as
an internal control. The quantification of immunoblots on the right (control group, n=3, CAF group,
n=3, technical replicates) demonstrated that there was no statistically significant difference between the

groups as data was analyzed with independent samples t-test (p>0.05). Values are the mean + SEM.
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Figure 3.50 showed a representative Western blot image and the densitometric analysis
of insulin protein levels in the mother and 90 days old offspring groups. The protein
levels were normalized with beta actin content which was an internal control. The
result is shown as arbitrary units after using ImageJ to analyze the bands. As the results
indicated that both 90 days old offspring and the mother groups (n=3, technical
replicates for both groups) insulin amount were significantly lowered in the CAF group
vs. the control group pancreas tissues. (90 days old offspring ****p<0.0001 and the
mother group ****p<0.0001).
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Figure 3.50 Representative image of Western blot of the mother and 90 days old offspring for
anti-insulin. Thirty pg of protein was loaded onto the wells. Insulin protein levels in pancreatic tissue
of the mother and 90 days old offspring control and CAF groups were measured. (Control group, n=3,
CAF group, n=3 technical replicates). Data were analyzed with independent samples t-test
(****p<0.0001). Each bar indicates the mean + SEM.
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CHAPTER 4

DISCUSSION

Obesity is associated with elevated blood glucose levels and insulin resistance which
is critical in defining the risk and development of T2D (Osborn & Olefsky 2012). In
our study both excess weight increase as a marker of obesity and increased blood
glucose levels as a marker of T2D were detected when a cafeteria diet was applied to
the CAF group mothers.

Besides, the expression of glucagon hormone was assessed with IHC in mother groups,
since T2D is a state of relative glucagon overproduction. As a result, more glucagon
hormone expression was observed in the maternal CAF group compared to the
maternal control group, thus reconfirming the diabetic status of the mother CAF group.
However, it may also be an indicator of an increase in the alfa cell population which

may indicate the increased beta cell dedifferentiation in T2D of these subjects.

The average body weight of 20 days old offspring of the control group was higher than
the average body weight of the CAF group which was in accordance with the
observations of the previous study, which reported that offspring of overweight
mothers gained less weight and grew less than babies of normal-weight mothers from
just after birth to three months (Ode et al. 2012). Also, the blood insulin levels of 20
days old offspring were higher in the control group in comparison with the CAF group

which may indicate that maternal obesity influences offspring T2D susceptibility.

According to glucose stimulated insulin release test results performed with the isolated
pancreatic islet cells from 20 days old and 90 days old offspring groups, it was revealed
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that there was no significant difference between the control and the CAF groups of 0
and 90 days old offspring groups while 20 days offspring control group secreted
insulin levels were higher in comparison with the CAF group. Likewise, these results
confirm the negative effect of maternal obesity on metabolism, especially in the 20
days old offspring groups, since impaired glucose-stimulated insulin secretion is
responsible for pancreatic beta cell failure and one of the major causes of developing

T2D confirming the previous studies (Paul et al. 2022).

When morphology of islet cells’ size and distributions were obtained there was a
significant difference in islet size between the offspring groups. The relative
frequencies of large islets (=60 um) were decreased in the CAF group consistent with
previous studies done with T2D patients’ samples (Clark et al. 1988, Deng et al. 2004)
and our result may confirm that maternal obesity had diabetes predisposition effect on

offspring from another aspect.

It was sought to determine whether decreased islet cell viability rate observed in
offspring of the CAF group and decreased beta cell viability rate in 0 and 20 days old
offspring groups in the CAF group would be associated with changes in islet cell
composition or beta cell apoptosis. Besides, isolated islet cells of 90 days old offspring
did not show a meaningful difference between the control and CAF groups in glucose
stimulated insulin secretion assay. The functional stress overload on the remaining
functional beta cells of the CAF group islet cells may compensate for the difference as
seen in early periods of T2D (Prentki & Nolan 2006).

Beta-cell dedifferentiation to endocrine progenitor like cells under hyperglycemia
induced metabolic stress conditions was an alternative proposed mechanism for
diabetic loss of functional beta cell number and insulin content. To date, studies using
animal experiments have found that pancreatic cells of mice exhibit a progenitor cell
like character and undergo dedifferentiation in response to hyperglycemia (Talchai et
al. 2012). In this study, according to the gene expression studies, it was observed that
progenitor gene expressions like Neurogenin 3, Chromogranin A and Vimentin were

up regulated in both mother and offspring CAF groups vs the control group in
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accordance with previously mentioned studies (Roefs et al. 2017, Herold et al. 2018).
It has also been shown in these studies that pancreatic endocrine cell subtypes,
especially alpha cells, show progenitor cell characteristics in this transformation
process (Cinti, et al. 2016) which can be also an explanatory finding for
hyperglucagonemia in diabetes patients (Talchai et al. 2012). Therefore, pancreatic
hormone gene expressions like insulin and glucagon showed that while insulin gene
expression was lower in all the CAF group vs. the control group and glucagon gene
expression was higher in the CAF group than the control group may explain our
hypothesis. Apart from that, somatostatin gene expression level difference between the
CAF and control groups may be an indicator for the cell transdifferentiation of

pancreatic endocrine cells as indicated in the previous study (Piran et al. 2014).

In a previous study, pancreatic tissue sections of T2D patients showed a 3-fold increase
in the number of Chromogranin A-positive endocrine cells (Broedbaek and Hilsted
2016). In this study, the gene expression data showed more increased levels for
Chromogranin A in all ages of offspring in the CAF groups. Since Chga is a pancreatic
endocrine progenitor marker like Neurog3 (Talchai et al. 2012), higher expression
levels of Chga may indicate that offspring of the CAF group endocrine pancreatic cells
may had more progenitor cell kind of character than the control group. Besides another
functional pancreatic beta cell marker, Pdx1 gene expression was found higher in the
mother control group than in the CAF group which may indicate the diabetic condition
of the CAF group mothers. Additionally, it was also shown that mature functional
pancreatic beta cell marker gene FoxO1 expression was significantly lower in the CAF
groups than in the control group. FoxO1 as a transcription factor is functioning in beta
cell signal integration and regulation (Kitamura et al. 2002; Okamoto et al. 2006).
Since FoxO1 has been also found to determine cell fate under metabolic stress, there
is an inverse relationship between FoxO1 and beta cell differentiation, and FoxOL1 is
required to maintain beta cell identity (Talchai et al. 2012). Our data indicated that
FoxO1 plays a crucial role in the beta cell dedifferentiation process. According to our

results, another finding was that these marker gene expression levels were significantly
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different in all age groups of offspring showing that maternal obesity has a great effect

on offspring’s pancreas towards adulthood.

The overall transcription activity of the 20 and 90 days old offspring control and CAF
groups was evaluated by next generation sequencing based on transcriptome analysis.
When the genes that were expressed differently in the CAF group were examined
functionally, it was shown that many genes related to metabolic stress, inflammation,

and cellular dedifferentiation were differentially expressed.

When the genes showing the highest expression difference between the 20 and 90 days
old offspring control and CAF groups were functionally evaluated; in mice, SPARC
is necessary for maintaining glucose homeostasis and insulin secretion (Atorrasagasti
et al. 2019), and it stimulates insulin production by reducing RGS4 protein levels in
pancreatic beta cells (Hu et al. 2020). Bioinformatics analysis identifies TMSB4X
expression as a potential T2D marker (Lu et al. 2020). Additionally, it has been shown
that TMSB4X participates in tissue repair and inflammation, which appear to be
related to the inflammatory process of metabolic syndrome (Lan et al. 2015). Diabetic
nephropathy is aggravated by ATP5B down-regulation. In the renal tubular regions of
db/db diabetic mice, ATP5B expression, histological abnormalities, and fibrosis were
considerably elevated (Guan et al. 2005). In a mouse model of diabetes, RACK1
MRNA levels were reduced, and RACK1 is essential for controlling the IRElalpha
signaling pathway in pancreatic beta cells (Qui et al. 2010) FASN activity has been
reported to have a considerable impact on rates of energy expenditure, fat mass, and
insulin sensitivity (Menendez et al. 2009). Divergent protein expression with the
progression of diabetes was revealed by the differential expression of Eeflal and Eef2
(Han et al. 2011). Early-stage type 2 diabetes in db/db mice exhibited as a reduction
in eEF2 phosphorylation in the renal cortical homogenates (Sataranatarajan et al.
2007). Collal is the most significant gene in the extracellular matrix receptor
interaction pathway and is linked to hypoglycemia. Thus, Collal is a new possible
therapeutic target for treating T2D as a result (Lin et al. 2021). Under
hyperglycemic/hyperinsulinemic conditions, the kidneys' mRNA expression of
Col3ALl increased whereas it decreased in the heart (Gaikwad et al. 2010).
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Besides, among the differentially expressed other genes HTT, GNAS, NCOR1,
HMGNS3, SIRT2, IGF1, SOX6, STAT3, SERPINH1, MVP, SIRT1, EEF1G, RPS2,
Ldha, HKk1, Mylk, Igfbp4, Foxol; in mice, the Huntington (HTT) gene has an influence
on the pancreatic beta cell quality and was downregulated in dedifferentiated beta
cells. (Neelankal John et al. 2018) In human pancreatic beta cells, the GNAS gene is
a key regulator of insulin secretory ability (Taneera et al. 2019). An exciting
therapeutic element to improve metabolic health in chronic disorders including type 2
diabetes and obesity is the NCOR-1, a transcription factor related to progenitor cell
development (Jannapureddy et al. 2021). The pancreatic beta cells' transcriptional
profile and insulin secretion are both influenced by the nucleosome binding protein
HMGN3. At the Glut2 promoter, the interactions of HMGN3 and PDX1 with
chromatin are strengthened by one another (Ueda et al. 2009). Adipocyte
differentiation, fatty acid oxidation, gluconeogenesis, and insulin sensitivity are just a
few of the physiological processes that the SIRT2 gene is crucial for. It also plays a
role in inflammation, oxidative stress, mitochondrial function, and adipocyte
differentiation. In metabolically-related tissues like skeletal muscle, SIRT2 has been
found to have anti-inflammatory and anti-oxidative stress properties. It also enhances
mitochondrial activity (Kitada et al. 2019). In mice, IGF1 increases insulin sensitivity
and glucose tolerance. Impaired glucose homeostasis can result from reduced IGF1
signaling in mice caused by IGF1R gene inactivation (Hong et al. 2017). T2D
drastically reduces the expression of Slc38a2 mRNA in human and rodent adipose
tissue (Hatanaka et al. 2006) Both a long-term high-fat feeding in normal mice and a
standard chow diet for genetically obese ob/ob mice resulted in a significant decrease
in SOX6 MRNA levels (Iguchi et al. 2005). Through bioinformatics research coupled
with validations, STAT3, SERPINH1, MVP, SIRT1, EEF1G, and RPS2 may be
crucial genes in the development and prognosis of obesity (Joshi et al. 2021). Ldha,
Hk1, Mylk, and Igfbp4 are beta cell-restricted genes, indicators of immature cells, and
beta cell progenitors that do not express insulin (Nimkulrat et al. 2021). FoxO1
integrates insulin/hormone-dependent pathways in the pathogenesis of beta-cell stress,
which is necessary to maintain beta cell identity and prevent beta cell conversion into

non-beta pancreatic endocrine cells due to the same chronic metabolic stress, which
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may help to explain why there is a particularly gradual loss of FoxO1 expression as

diabetes progresses (Talchai et al., 2012).

All those genes were down regulated in 20 days offspring CAF group respect to control
group accordance with the progenitor endocrine cell character expected to observe
with the effect of maternal obesity.

Similarly, SIRT2, Foxol, EEF1G, Igfbp4, genes were down-regulated in the 90 days
old offspring CAF group respected to the control group as resembling progenitor cell
character while other genes like SPARC, FASN, RACK1, TMSB4X, Collal, Col3al,
Eef2, HTT, GNAS, NCOR1, Gnas, Stat3 are up-regulated may point out metabolic
normalization with age. Since some genes were observed to have very low expression
in transcriptome analysis in most of the 90 days old offspring samples, these samples

may be needed to be repeated with new samples.

Western blot results for insulin protein expression showed that intracellular proinsulin
levels in the mother and 90 days old offspring groups were lower in the CAF groups
compared to the control groups. However, there was no difference between the CAF
and control groups in the 20 days old offspring, where the effect of maternal obesity
was observed more clearly according to the previous results in the study. Considering
that insulin gene expression was lower in all mother and offspring CAF groups
compared to the control group, and the normalization observed in the CAF group in
the plasma insulin and glucose-stimulated insulin secretion levels of the 90 days old
offspring, it may confirm that mature insulin secretion can occur at a certain level
against insulin resistance that occurs in diabetes and prediabetes. The presence of more
intracellular proinsulin in pancreatic tissue samples of the 20 days old offspring CAF
group compared to the 90 days old offspring CAF group may be a sign of a defect in
the insulin secretion mechanism demonstrated in T2D cases in different previous
studies (Liew et al. 2014). Recent genome-wide association studies have discovered
genes related to the processing of proinsulin, and carboxypeptidase E (CPE) plays a
key role in this prohormone convertase activity. Studies on the production of insulin

reveal that Cpe™/Cpe™ mice had much higher levels of the insulin precursor,
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proinsulin, indicating that a malfunctioning CPE impacts a proinsulin cleavage step
that occurs earlier (Canaff et al 1999). Consistent with the results in these studies, CPE
gene expression was significantly lower in the 20 days old offspring CAF group in this
study compared to the control group. This showed us that a similar defect may have
occurred in the intracellular insulin maturation and secretion mechanism of the 20 days

old offspring group due to the intense metabolic stress caused by maternal obesity.

Epigenetic modifications presumably have a crucial role in the heritability of
metabolic diseases like obesity and T2D. In particular, rodent studies showed that
epigenetic mechanisms are responsible for linking maternal nutritional imbalances to
the risk for T2D in adulthood (Lecoutre et al. 2021). Therefore, the maternal obesity
effect that observed in the offspring groups in our study was most likely due to
epigenetic changes such as different DNA methylation profiles and chromosome
modifications passed from mother to offspring. To elucidate these inherited epigenetic

mechanisms, more comprehensive studies on similar study models are required.
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CHAPTER 5

CONCLUSIONS

The main aims of this study were dedifferentiation and beta cells reverting to a
progenitor-like stage, and a certain part converting to other pancreatic endocrine cell
types may be observed in T2D due to hyperglycemia induced chronic beta cell stress
in offspring at different ages (0, 20 and 90 days old) whose mothers were obese and
hyperglycemic and had never exposed to CAF diet. This could happen because
stressed beta cells may lose functional beta cell markers and gain other endocrine cell
markers like alpha cells. As a specific transcription factor, FoxO1 protects beta cell
identity and prevents conversion into other pancreatic endocrine cells due to chronic
pathophysiologic stress; hence dedifferentiation as a mechanism to protect beta cells
from apoptosis by preserving them from redifferentiation under favorable metabolic

conditions could be mentioned.

Besides, our study has some limitations that findings need to be interpreted carefully.
Tissue samples were partially deformed due to disruptions in storage conditions and
long waiting times. In addition, the inadequacy of tissue samples from offspring,
especially 0 day old, showed that the size of the experimental groups should have been
larger for the designed experiments.

Future studies may develop approaches to redifferentiation of dedifferentiated
pancreatic beta cells into functional beta cells. This may be achieved with optimal drug

therapies for T2D treatments as an effective treatment method.
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APPENDICES

APPENDIX A

PRIMERS, TagMan™ PROBES, RT-PCR CURVES and GENE
EXPRESSION DATA TABLES

Figure A.1. Primers and TagMan probes used in gRT-PCR (RP: reverse primer, FP: forward primer)

Primer -
) Base GenBank
Probe Nucleotide sequence (5'-3") Tm
Range Number
Code
NeuroG3
F GACCTCTAAGTCAGAGACTGTCACA 405-429 | 54,8°C | NM_021700
NeuroG3
S CATTTTTTCCCAACCTCAGGA 439-459 | 57,0°C | NM_021700
NeuroG3
A TTCGTGGTCCGAGGCTC 542-526 | 56,9°C | NM_021700
NeuroG3
R GTGGGGTGGAATTGGAACT 567-549 | 56,3°C | NM_021700
NeuroG3
™ F-CCCAAGAGACCCAGCAACCCTTT-Q | 499-521 | 65,6°C | NM_021700
(FAM)
Pdx1 F TCACGCGTGGAAAAGCCA 481-498 | 60,9°C | NM_022852
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Pdx1 S GCCAGTGGGCAGGAGGT 495-511 | 59,7°C | NM_022852
Pdx1 A CCAGATTTTGATGTGTCTCTCAGTCAA | 679-653 | 59,5°C | NM_022852
Pdx1 R TTTCTTCCACTTCATGCGACG 709-689 | 59,0°C | NM_022852
F_
Pdx1 TM
(FAM) TACGCAGCAGAACCGGAGGAGAATAAG | 515-543 | 67,6°C | NM_022852
AG-Q

Ins2 F GACCCACAAGTGGCACA 235-251 | 54,3°C | NM_019130
Ins2 S ACCCACAAGTGGCACAAC 236-253 | 55,8°C | NM_019130
Ins2 A AGAGCAGATGCTGGTGCAG 360-342 | 56,9°C | NM_019130
Ins2 R GCAGAGGGGTGGACAGG 419-403 | 57,1°C | NM_019130
Ins2 TM

F-CACGATGCCGCGCTTCTGC-Q 333-315 | 66,8°C | NM_019130
(FAM)
Sst F CCACCGGGAAACAGGAAC 275-292 | 58,1°C | NM_012659
Sst S CCACCGGGAAACAGGAA 275-291 | 56,8°C | NM_012659
Sst A CTCCAGGGCATCGTTCTCT 357-339 | 56,6°C | NM_012659
Sst R CATCTCGTCCTGCTCAGCT 396-378 | 55,5°C | NM_012659
Sst TR

F-AACTGCTGTCCGAGCCCAACC-Q 314-334 | 65,0°C | NM_012659
(FAM)
GeGF CTCAGTCCCACAAGGCAGA 38-56 |56,3°C | NM_012707
GcG S CAGTCCCACAAGGCAGAATAA 40-60 | 56,2°C | NM_012707
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GcG A CGTTCTCCTCCGTGTCTTGA 152-133 | 57,3°C | NM_012707
GeGR CTGGGAAGCTGGGAATGAT 175-157 | 55,8°C | NM_012707
F_

GecG TM

(FAM) AATGAAGACCGTTTACATCGTGGCTGG- | 64-90 | 66,6°C | NM_012707

Q

Foxol F GGAGAAGAGGCTCACCCTG 618-636 | 56,4°C | AF114258
Foxol S GATCTACGAGTGGATGGTGAAGAG 642-665 | 56,6°C | AF114258
Foxol A GGGACAGATTGTGGCGAA 742-725 | 56,2°C | AF114258
Foxol R | GTTCCTTCATTCTGTACTCGAATAAACT | 779-752 | 56,9°C | AF114258
Foxol

™ F-ACAGCAACAGCTCGGCGGG-Q 692-710 | 66,4°C | AF114258
(FAM)

Vim F CAGAGGGAGGAAGCCGAG 663-680 | 57,4°C | NM_031140
Vim S CACCCTGCAGTCATTCAGAC 683-702 | 55,3°C | NM_031140
Vim A GATTCCACTTTACGTTCAAGGTC 757-735 | 55,3°C | NM_031140
VimR GATCTCTTCATCGTGCAGCT 806-787 | 53,6°C | NM_031140
VimTM

(HEX) ATGTTGACAATGCTTCTCTGGCACG 730-706 | 64,3°C | NM_031140
18SF CGGCTACCACATCCAAGGAA 453-472 | 59,2°C | ratK01593
18S R GCTGGAATTACCGCGGCT 639-622 | 60,1°C | ratkK01593
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18STM
(FAM) F-CGCAAATTACCCACTCCCGACCC-Q | 484-506 | 68,2°C | ratk01593
991159 18s rRNA "K01593| Tm
18SF CggCTACCACATCCAAQQAA S 453-472| 59,2°C
18SR gCTggAATTACCgCggCT A 639-622| 60,1°C
18S ™™ F-CgCAAATTACCCACTCCCgACCC--Q S 484-506| 68,2°C
Figure A.2. 18s rRNA primer and probe sequences
991159 }at Foxol, cDNA AF114258 Tm
Foxol F ggAgAAgAggCTCACCCTg S 618-636| 56,4°C
Foxol S gATCTACgAgTggATggTgAAGAY S 642-665| 56,6°C
Foxol A gggACAgATTgTggCgAA A 742-725| 56,2°C
Foxol R gTTCCTTCATTCTgTACTCgAATARACT A 779-752| 56,9°C
Foxol TM F-ACAgCAACAQCTCggCggg--0Q S 092-710| 66,4°C
Fozol F Fozol S 75°C 75°C Foxol TH
220¢ — e ]

d CGGCE§?AGAAGAGGCTCACCCTGTCGCAGATCTACGAGTGGATGGTGAAGAGTGTGCCCTACTTCAAGGATAAGGGCGACAGCAACAGCTCGGCGGGC m
GAGCCGOCTCTTCTCCGAGTGGGACAGCGTCTAGATGCTCACCTACCACTTCTCACACGGGATGAAGTTCCTATTCCCGCTGTCGTTGTCGAGCCGCCCG

exon 2

TGGAA%ATTCAATTCGCCACAATCTGTCCCTACACAGCAAGTTTATTCGAGTACAGAATGAAGGAACTGGGAAAAGTTCTTGGTGGATGCTCAATCCAG 811
ACCTTOTTAAGTTAAGCGGTGT TAGACAGGGATGTGTCGTTCAAATAAGCTCATGTCTTACTTCCTTGACCCTTTTCAAGAACCACCTACGAGTTAGGTC

Foxol & Foxol R

Figure A.3. Foxol primer and probe sequences
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e¥on 2

991159 rat Glucagon, cDNA NM_012707 Tm

Geg F CTCAgTCCCACAAggCAgA S 38-56| 56,3°C

Geg S CAgTCCCACAAggCAGAATAA S 40-60| 56,2°C

Geg A CgTTCTCCTCCgTgTCTTgA A 152-133| 57,3°C

Geg R CTgggAAgCTgggRAATGAT A 175-157| 55,8°C

Geg TM F-AATGAAGACCGTTTACATCGTggCTgg——Q | S 64-90] 66,6°C
Geg F Gog TH

GCTCAGTCCCACAAGGCAGAATAAAAARATGAAGACCGTTTACATCGTGGCTGGATTIGITIGTAATGCTG 106
CEAGTCAGGGTGT TOCGTCTTATTTTTTTACTTCTGGCAAATGTAGCACCGACCTAACAAACATTACGAC

Gecg S
72°C 72°'C
— Afp—

exon 3

GTACAAGGCAGCTGGCAGCATGCCCCTCAAGACACGGAGGAGAACGCCAGATCATTCCCAGCTTCCCAGA 176
CATGTTCCGTCGACCGTCGTACGEGGAGTTCTGTGCCTCCTCTTGCGGTCTAGTAAGGETCGAAGGGTCT

Gog A Geg R
Figure A.4. Geg primer and probe sequences
991159 rat Insulin IT cDNA NM_019130 Tm
Ins2 F gACCCACAAgTggCACA S 235-251| 54,3°C
Ins2 S ACCCACAAQTggCACAAC S 236-253| 55,8°C
Ins2 A AgAgCAgATgCTggTgCAg A 360-342| 56,9°C
Ins2 R gCAgAggggTggACAgg A 419-403| 57,1°C
Ins2 TM F-CACgATgCCgCgCTTCTgC—-Q A 333-315] 66,8°C

Ins2 S
Ins?2 F

exon 3

Ins2 TH

——
AGGACCCACAAGTGGCACAACTGGAGCTGGGTGGAGGCCCGEGGEGCAGGTGACCTTCAGACCTTGGCACTGGAGGTGGCCCGGECAGAAGCGCGECATCGTGE 334
TCCTGGETGTTCACCGTGTTGACCTCGACCCACCTCCGGGCCCCCGTCCACTGGAAGTCTGGAACCGTGACCTCCACCGGGCCGTCTTCGCGCCGTAGCACT

.

ATCAGTGCTGCACCAGCATCIGCTCICTCTACCAACTGGAGAACTACTGCAACTAGGCCCACCACTACCCTGICCACCCCTCTGCARTGAATAARACCITIG 436
TAGTCACGACGTGGTCGTAGACGAGAGAGATGGTTGACCTCTTGATGACGTTGATCCEEETGETGATGEEACAGGTGGGGAGACGTTACTTATTTTGGAAAC

Ins2 A

Ins2 R

Figure A.5. Ins2 primer and probe sequences
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991159 Neurogenin 3, nRNA-gDNA NM_021700 Tm

Neurog3 F gACCTCTAAQTCAQAgACTgTCACA 405-429| 54,8°C

Neurog3 S CATTTTTTCCCAACCTCAQgQA 439-459( 57,0°C

Neurog3 R gTggggTggAATTggAACT 567-549| 56,3°C

S
S
Neurog3 A TTCgTggTCCgAggCTC A 542-526( 56,9°C
A
S

Neurog3 TM |F-CCCAAgAGACCCAGCAACCCTTT-—-Q 499-521| 65,6°C

Neurogd F Neurog3d S g5 C 85°C
> . — —

TGACCTCTAAGTCAGAGACTGTCACACCCCCCTTCCATTTTTTCCCAACCTCAGGATGGCGCCTCATCCCTTGGATGCGCCCACCATCCAAGT 496
ACTGGAGATTCAGTCTCTGACAGTGTGGGGEGAAGCTAAAAAAGGETTGGAGTCCTACCGCGGAGTAGGGAACCTACGCGGGTGGTAGGTTCA

Neurogld TH

GTCCCAAGAGACCCAGCAACCCTTTCCCGGAGCCTCGGACCACGAAGTGCTCAGTTCCAATTCCACCCCACCTAGCCCCACTCTCGTACCGAG 589
CAGGGTTCTCTGGGETCOTTGEGAAAGGGCCTCGGAGCCTGETGCTTCACGAGTCAAGGT TAAGGTGGEGTGGATCGGGGETGAGAGCATGGCTC

Neurog3 A Neurog3 R
Legend for figures with sequences : Red arrows, yellow shaded or red boxed TagMan probes
Deep blue arrows, grey shaded  primers Green boxes / Blue boxes Exons / Inrons
Orange arrows, yellow shaded 3-FL labeled probes Red or pink boxes possible conflict
Blue arrows, blue shaded 5'-LC labeled probes Red arrows or red boxes stem-loops

Figure A.6. Neurog3 primer and probe sequences

991159 Pdx1, mRNA NM 022852 Tm
Pdx1_F TCACQCGTGgAAAAGCCA S 481-498| 60,9°C
Pdx1_S gCCAgTgggCAggAggT S 495-511| 59,7°C
Pdx1 A CCAgATTTTgATgTGTCTCTCAGTCAA A 679-653| 59,5°C
Pdx1 R TTTCTTCCACTTCATGCgACG A 709-689| 59,0°C
Pdx] TM |F-TACgCAgCAgAACCggAggAgAATAAgAg--Q |§ 515-543] 67,6°C
PDX1_S
FDXL_F PDX1_FAN
exon 2 72"C 72"C 80°C 80°C

CTCAC GCGTGGMMGCCAGTGGGCAGFAGGTGCATAC GCAGCAGAACCGGAGGAGAATAAGAGGACCCGTACAGCCTACACTCGGGCCCAGCTECTGEAGCTEGAGAAGGARTTCT 596
GAGTGCGCACCTTTTCGGTCACCCGTCLTCCACGTATGC GTCGTCTTGGCCTCCTCTTATTCTCCTEGGCATGTC GEATGTGAGCCCGGGTC GACGACCTCGACCTCTTCCTTAAGA

95°C 95"C
TATTTAACARATACATCTCCCGGCCTCGCCGRGTGGAGCTRGCAGTGATGC TCAACTTGACTGAGAGACACATCARAATCTGGTTCCAAAACCGTCGCATGARGTGGARGARAGAGG 713
ATAAATTGTTTATGTAGAGGGC COGAGCGGCCCACCTCGACCGTCACTACGAGTTCAACTGACTCTCTGTGTAGTTTTAGACCAAGGTTTTGECAGCGTACTTCACCTTCTTTICTCC
PDX1 A PDX1_R

Figure A.7. Pdx1 primer and probe sequences
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Sy -

991159 rat Somatostatin cDNA NM_012659 Tm
SstF CCACCgggAAACAggAAC S 275-292| 58,1°C
Sst S CCACCgggRAACAggAA S 275-291| 56,8°C
Sst A CTCCAgggCATCgTTCTCT A 357-339| 56,6°C
SstR CATCTCQTCCTGCTCAGCT A 396-378| 55.5°C
Sst TM F-AACTgCTgTCCgAgCCCAACC--Q S 314-334| 65,0°C
Sst F/S S=t TM
exon 280°C g0°C

TGCCACCGGGAAACAGGAACTGECCAAGTACTIC T TGGUAGAACTGCTGTCCGAGCCCAACCA 335
ACGGTGGCCCTTTCTOCTTGACCGGTTCATGAAGAACCETCT TGACGACAGGCTCGGGTTGGT

75°C 75°C

GACAGAGAACGATGCCCTGGAGCCTGAGGAT TTGLLCLAGGLAGC TEAGCAGGACGAGATGAG 398

CTGTCTCTTGCTACGGGACCTCGGACTCCTAAACGGGGTCCGTCGACTCGTCCTGCTCTACTC
Sst A Sst R
'— _

Figure A.8. Sst primer and probe sequences
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Figure A.9. Mothers 18s region RT- gPCR graphic.
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Figure A.10. Mothers FOX gene RT- qPCR graphic.
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Figure A.11. Mothers GLC gene RT- qPCR graphic.
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Figure A.12. Mothers INS gene RT- gPCR graphic.,
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Figure A.13. Mothers NRG gene RT- gPCR graphic.
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Figure A.14. Mothers PDX gene RT- gPCR graphic.,
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Figure A.15. Mothers VIM gene RT- gPCR graphic.
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Figure A.16. P90 18s region RT- qPCR graphic.
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Figure A.17. P90 CHGA gene RT- gPCR graphic.
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Figure A.18. P90 FOX gene RT- gPCR graphic.
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Figure A.19. P90 GLC gene RT- qPCR graphic.
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Figure A.20. P90 INS gene RT- qPCR graphic.
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Figure A.21. P90 NRG gene RT- gPCR graphic.
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Figure A.22. P90 SST gene RT- qPCR graphic.
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Figure A.23. P90 VIM gene RT- qPCR graphic.
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Figure A.24. P20 18s region RT- qPCR graphic.
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Figure A.26. P20 FOX gene RT- gPCR graphic.
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Figure A.27. P20 GLC gene RT- qPCR graphic.
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Figure A.28. P20 INS gene RT- qPCR graphic.
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Figure A.30. P20 VIM gene RT- qPCR graphic.
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Figure A.33. PO GLC gene RT- gPCR graphic.
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Figure A.34. PO INS gene RT- gPCR graphic.
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Table A.1. Gene expression data table for mothers (AACQ)

Expression Corrected
Target Sample Expression i Expression | Mean Cg | Cq SEM | P-Value
SEM
FoxOl1 CAF 0,02199 0,01488 0,01488 40,73 | 0,97665 | 0,00000
-©l1 CONTROL 2,22883 1,50884 1,50884 35,22 0,97665
: Geg CAF 1,00000 1,14201 1,14201 34,36 | 1,64757 | 0,00973
Geg CONTROL 0,57138 0,73169 0,73169 36,32 1,84746
Ins2 CAF 0,30398 0,09943 0,09943 26,48 | 0,47193 | 0,00001
Ins2 CONTROL 2,22883 0,72909 0,72509 2477 0,47193
Neurog3 CAF 1,00000 0,50059 0,50059 29,22 | 0,72220 | 0,00001
Neurog3 | CONTROL | 0,05831 0,03031 0,03031 34,47 | 0,75000
Pdx1 CAF 0,00136 0,00000 0,00000 31,36 | 0,00000 | 0,00001
Pdx1 CONTROL 2,22883 0,00000 0,00000 21,84 0,00000
VIM CAF 1,00000 0,00000 0,00000 32,11 0,00000 | 0,00001
vVIM CONTROL | 0,55036 0,00000 0,00000 34,12 | 0,00000
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Table A.2. Gene expression data table for 0 days old offspring (AACq)

[ Corrected
Expression Mean
et Sample Expression Expression Cg SEM | P-Value
SEM (81}
SEM
FoxOl1 CAF 0,01323 0,00000 0,00000 40,34 0,00000 | 0,00001
FoxO1 | CONTROL | 2,29623 0,00000 0,00000 32,80 0,00000
Geg CAF 2,46204 0,00000 0,00000 40,25 0,00000 | 0,00001
Geg CONTROL 0,45220 0,00000 0,00000 42,60 0,00000
Ins2 CAF 1,73656 0,00000 0,00000 37,14 0,00000 | 0,00001
Ins2 CONTROL 2,29623 0,00000 0,00000 36,64 0,00000
Neurog3 CAF 2,46204 0,00000 0,00000 31,42 0,00000 | 0,00001
Neurog3 | CONTROL | 1,17108 0,00000 0,00000 32,40 0,00000
Table A.3. Gene expression data table for 20 days old offspring (AACq)
Corrected
Expression Mean
Target Sample Expression Expression Cg SEM | P-Value
SEM Ca
SEM
FoxO1 CAF 0,10939 0,01392 0,01392 37,22 | 0,00000 | 0,00001
FoxOl | CONTROL 1,30977 0,90357 0,90357 34,02 | 0,99188
Geg CAF 1,00000 0,12727 0,12727 33,60 | 0,00000 | 0,00001
Geg CONTROL | 0,03040 0,00387 0,00387 39,03 | 0,00000
Ins2 CAF 0,44158 0,08054 0,08054 32,29 | 0,25501 | 0,00001

136




Table A.4. Gene expression data table for 90 days old offspring (AACq)

Target Sample Expression Pxpression | Mean Cg SEM P-Value
SEM Cq
FoxO1 CAF 0,42087 0,19194 37,63 0,65794 0,00000
FoxO1 CONTROL 5,39031 1,81156 36,38 0,48486
Geg CAF 1,00000 0,07789 36,51 0,11237 0,34375
Geg CONTROL 0,94437 0,00000 39,03 0,00000
Ins2 CAF 0,88266 0,33189 35,17 0,54247 0,03594
Ins2 CONTROL 5,39031 1,35924 34,99 0,36379
Neurog3 CAF 1,00000 0,44894 30,63 0,64768 0,00000
Neurog3 CONTROL 0,04452 0,01999 37,55 0,64768
Sst CAF 1,00000 0,34464 36,33 0,49722 0,01722
Sst CONTROL 1,16978 0,34869 38,53 0,43004
VIM CAF 1,00000 0,37758 35,18 0,54473 0,02411
VIM CONTROL 0,68952 0,35384 38,15 0,74035

Table A.5. Gene expression data table of Chga

P-
Group CONTROL | CAF VALUE
0 1,89211529 |2,80889 |0,0001
20 1,68797621 |2,710769 |0,0001
90 1,23714264 | 2,245402 |0,0001
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APPENDIX B

PROTEIN ASSAY and WESTERN BLOT

oD oD oD oV
Values 1. | Values 2. | Values 3. | Median Vaities
Repeat Repeat Tekrar,
0,3876 0,3797 0,3843 0,38 1,03
0,5164 0,5207 0,5152 0,52 0,56
0,6655 0,6679 0,6685 0,67 0,24
0,7957 0,8203 0,826 0,81 1,98
0,9031 0,9031 0,8755 0,89 1,78
1000 0,9826 0,9489 0,9739 0,97 1,81
Mother Cont. 0,5969 0,5739 0,585 0,59 1,97
Mother CAF 0,4819 0,5114 0,5025 0,5 3,03
0 day Cont. 0,5095 0,5378 0,5099 0,52 3,13
0 day CAF 0,4844 0,4761 0,4846 0,48 1,01
20 day Cont. 0,6394 0,6236 0,6425 0,64 1,6
20 day CAF 0,5166 0,5178 0,5169 0,52 0,12
90 day Cont. 0,6999 0,6666 0,703 0,69 2,93
90 day CAF 0,7672 0,7722 0,8163 0,79 3,44

Table B.1. Od values and protein amounts in samples
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Figure B.1. BSA calibration curve. This standard curve of Protein concentration (mg/ml) (X axis) vs.

absorbance (595nm) (Y axis) was used to estimate protein concentrations of the samples. R?= 0.9814;

coefficient of the slope b= 0.4076, and intercept = 0.0006 was used to calculate protein concentration

in mg/ml from absorbance readings of pancreatic samples. Below, it represents that how the sample

concentrations were then calculated.

y=Ax+B
Groups Yr;Y ;?c“ie[;r[‘) A ¥ (Unknown conc.) B *dilution* il lug/1uL
p grapnic = (slope)| "' IKOWN CoNnc.) concentration 8
value)

Mother CAF | 0,585 0,0006 | 291,78 0,4102| 40 11671,11 11,67
0 day Cont. | 0,499 0,0006 | 147,33 0,4102| 40 5893,33 5,89
0 day CAF 0,519 0,0006 | 181,44 0,4102| 20 3628,89 3,63
20 day Cont. | 0,482 0,0006 | 119,17 0,4102] 30 3575 3,58
20 day CAF | 0,635 0,0006 | 374,94 0,4102| 30 11248,33 11,25
90 day Cont. | 0,517 0,0006 | 178,17 0,4102]| 30 5345 5,35
90 day CAF 0,69 0,0006 | 466,06 0,4102 | 40 18642,22 18,64
Mother CAF | 0,785 0,0006 | 625,06 0,4102| 40 25002,22 25

Table B.2. BSA calibration values for each group.
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Loading |Loading |5x Protein Protein
Groups Volume | Protein loading | 20x dtt | concentration | volume | dH20
1Mother Cont. |15 30,00 3 0,75 |11,67 2,57 8,68
2 Mother CAF |15 30,00 3 0,75 5,89 5,09 6,16
3 0 day Cont. 15 30,00 3 0,75 3,63 8,27 2,98
4 0 day CAF 15 30,00 3 0,75 3,58 8,39 2,86
520 day Cont. |15 30,00 3 0,75 |11,25 2,67 8,58
620 day CAF |15 30,00 3 0,75 |535 5,61 5,64
790 day Cont. |15 30,00 3 0,75 18,64 1,61 9,64
890 day CAF |15 30,00 3 0,75 25,00 1,20 10,05
Table B.3. Protein loading amounts for the groups.
kDa
~250
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/0 [r—
~55
~35
~15 e
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Figure B.2. PageRuler™ Plus Prestained Protein Ladder, 10 to 250 kDa
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Raw Data Statistics

APPENDIX C

TRANSCRIPTOME

Sample ID Total read bases (bp) | Total reads | GC(%) | AT(%) | Q20(%) | Q30(%)
0CONT 6,651,075,230 65,852,230 | 48.35 | 51.65 | 98.54 | 95.94
20CONTROLI 9 @ 8,560 89,422,560 | 50.39 | 49.61 | 98.29 | 95.26
20CONTROL2 7,208,770,364 71,373,964 | 47.84 | 52.16 | 98.27 | 95.42
20CAF1 8,553,567,992 84,688,792 | 74.72 | 25.28 | 92.47 85.81
20CAF2 8,022,746,130 79,433,130| 72.94 | 27.06 | 92.95 86.57
90CAFI1 6,781,751,858 67,146,058 | 65.73 | 3427 | 91.74 | 85.74
90CAF2 6,816,539,288 67,490,488 | 51.35 | 48.65 | 95.81 90.97
90CONT1 8,558,009,164 84,732,764 | 65.63 | 34.37 | 92.31 85.94
90CONT2 7,812,788,340 77,354,340 | 65.48 | 34.52 | 93.04 87.01
MOTHERCAF1 6,653,867,880 65,879,880 | 51.69 | 48.31 | 95.66 | 90.62
MOTHERCONT!1 8,785,133,924 86,981,524 | 63.0 37.0 92.95 86.42

Table C.1. Raw data stats
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Figure C.1. Throughput of Raw data
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Figure C.2. Total read count of Raw data
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Figure C.3. GC/AT content of Raw data

Q20/Q30 (%)

O THE R O T . e e 52.95
MOTHER AR | | 5615
S0CONT2 s 5.

90CONT1
90CAF2
90CAFL
20CAF2
20CAF1
20CONTROL2
20CONTROL1
OCONT

Wazo(x) Ma3o(x)
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