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Diabetes mellitus is a group of diseases chaiaetbrby abnormally high
levels of glucose in the blood stream. Diabetes cause a wide range of chronic
complications that affect almost every parts of bloely. Thus, diabetes treatment is
extremely important. The study was designed toshgate whether stem cell therapy
and Gynura procumbens extract can be used as possible sources for émbet
treatment. Three approaches have been used iprthect 1) human embryonic stem
cell derived insulin-producing cells (hES-DIPCs)tlwieither non-capsulation or
encapsulation in mouse model 2) combination of humeesenchymal stem cell
isolated from Wharton’s jelly (hWJ-MSCs) in mousedel 3) hWJ-MSCs alone in
rat model. This study revealed the achievementE$-BDIPCsin vitro by our new
differentiation protocol. After transplantationshet ability of the cells in
hyperglycaemic regulation and other blood chemigtsts has been evaluated. The
results showed that subcutaneous transplantatiorbotii non-encapsulated and
encapsulated hES-DIPCs could control fasting blgbgcose levelsin vivo. In

addition, transplantation of either non-encapsdlaeencapsulated hES-DIPCs could



also reduce IL-f inflammatory cytokine level and atherogenic ind@X). However,
there is no significant effect on blood urea nisngBUN)and creatinine. Our data
also demonstrated that the administratiorGofrocumbens alone or combined with
hWJ-MSCs transplantation revealed the ability totoad the diabetesn vivo.
Furthermore, the transplantation of hWJ-MSCs alexigibited the ability to reverse
hyperglycemia in diabetic recipients. Thereforeenst cell based therapy and
G. procumbens extract can serve as alternative medicines for pgievention and

treatment of diabetes mellitus.
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CHAPTER |

INTRODUCTION

1.1 Background

Diabetes mellitus is one of the most common cluraiiseases that threaten the
health and health economics in every country ofatbdd. The prevalence of diabetes
in the world’s population will rise from 151 millis in the year 2000, to 221 millions
by the year 2010 and to 300 millions by 2025 (Zimin$haw, and Alberti, 2003). In
Thailand, the estimated prevalence of diabeteshai @adults was 9.6% (2.4 millions
people) (Aekplakorn et al., 2003). Type 1 diabe(@4D) is an autoimmune
destruction of the pancreatjg-cells and affects children and young adults. T1D
known as insulin-dependent diabetes mellitus (IDDMpat can be treated by
exogenous insulin treatment. Whereas the most comioron of diabetes is type 2
diabetes (T2D). In T2D, the body does not produwaugh insulin or the cells do not
use insulin properly. This type of diabetes is adlhon-insulin-dependent diabetes
mellitus (NIDDM), obesity related diabetes or aehiset diabetes. This type can be
prevented or delayed by management of diet, exereisd weight reduction
(Kahn et al., 2005). When the disease progresst3,phtients finally require insulin
to maintain blood glucose level (Bethel and Feisgl@005). The clinician will
include the insulin therapy in treatment strateglyimproving symptoms, enhancing

quality of life and provide a sense of well-being/(ite et al., 2003). Although



diabetic patients have benefited from insulin tpgrathe intensive treatment can
cause hypoglycemia (Bernroider et al., 2007).

At present, islet cell transplantation is the mpstential source for diabetes
treatment. Transplantation of islet cells has demonstratedmogitycemia in the
absence of exogenous insulin therapy. Nevertheldss, limitation of islet cell
replacement are the following factors: non-fundtgnof isolated islets, the small
number of transplanted islets, the immunogeniditisolated islets, transplantation to
inappropriate sites, recurrence of auto-immunity the transplanted islets and
rejection and immunosuppression (Gunasekaran, 200@refore, the scientists are
interested in human embryonic stem cells (hESCls¢ AESCs are more interesting
because they have the differentiation potentidddoome several tissues in the body,
while adult stem cells have limited differentiatiazapacity. The strategies for
differentiation of hESCs into insulin-producing lsehave been demonstrated by
many research groups. The insulin-producing ce#seaxpressed the markers that are
associated with pancreatig-cell differentiation pathway. These cells can also
produce and secrete insulin in response to glucoseentration (Assady et al., 2001,
Baharvand, Jafary, Massumi and Ashtiani, 2006bg8eishman, Ziskind, Shulman
and Itskovitz-Eldor, 2004). However, recent evidemedicates that these cells may
not be capable of de novo insulin synthesis arfddhare principally secreting insulin
absorbed from the culture medium (Rajagopal, AraterKume, Martinez and
Melton, 2003). Moreover, these methods maintain ifteréntiated hESCs on
mitotically inactivated mouse embryonic fibroblagk8EF) feeder layers which can

provide the animal pathogen contamination to hE@@dlon, Park, Chen, Hamilton



and McKay, 2006). Therefore, the insulin-productedjs differentiation protocols are
still subjected to improvement.

Recently, human mesenchymal stem cells (hnMSCs3 pawided an attractive
source for tissue engineering, regenerative meglicamd autoimmune disease
treatment. The ability of self-renewal and multgraty make hMSCs an effective tool
for cell-replacement therapy. In addition, sevetaaracteristics of hMSCs such as
migration and homing potential, immunomodulatorpperties and trophic effect,
could raise their clinical applications in variodsorders. Moreover, its ability to
secrete bioactive molecules such as growth factytekines and chemokines has
been shown to mediate paracrine mechanisms of hM&Cst al., 2008). Also, it is
considered that they lead to reformation of tissuas sites of injury
(da Silva Meirelles, Fontes, Covas and Caplan, R0URBese cells from multiple
sources were found to improve a variety of diseameditions in animal models.
Interestingly, hMSCs can be isolated from the Wi jelly of the umbilical cord
(hWJ-MSCs). They have self-renewal and have a highie of proliferation when
compared to adult stem cells (Secco et al., 2088jman umbilical cord is taken at
the time of a newborn’s delivery that would normalie discarded as a medical
waste. Therefore, Wharton’s jelly is an easily asdde source and has no ethical
controversy for the isolation of MSCs (Nekanti ket 2010; Secco et al., 2008).

There have several reports of morbidity and mibytaksociated with the use of
drug treatment in diabetic patients (Eurich et &Q07). These effects have
contributed to the increase in the use of mediqahatts as an alternative treatment of
diabetic patients. Many medicinal plants have besgorted the properties such as

antihyperglycemic and antihyperlipidemic activitiesstreptozotocin (STZ)-induced



diabetic rats. In diabetic rats, the improvemenbady weight, blood glucose, urine
glucose and lipid profile were observed when treéatih medicinal plants extract
(Eidi, Eidi and Esmaeili, 2006Hsu et al., 2003;Noor, Gunasekaran, Soosai
Manickam and Vijayalakshmi, 2008; Salahuddin andlgare 2010; Singh, Kesari,
Gupta, Jaiswal and Watal, 2007). In folk medicitiee fresh form of leaves of
Gynura procumbens is routinely used to treat diabetes. The ethanektract of
G. procumbens significantly reduced serum cholesterol and trighyde levels as well
as suppressed the elevated serum (glucose levels diabetic rats
(Zhang and Tan, 2000). The aerial parGofprocumbens exhibited anti-inflammatory
activities (Iskander, Song, Coupar and Jiratch&rila2002). It has been shown that
the hypotensive effect os. procumbens extract mediated by nitric oxide (NO)
production in blood vessels (Kim, Lee, Wiryowidagdod Kim, 2006). Moreover,
this plant has been reported to protect the gastucosa against ethanol-induced

injury in rats (Mahmood, Mariod, Al-Bayaty and Abd&'ahab, 2010).

1.2 Research objectives

This study aims to investigate new approachestfertreatment of diabetes.
There were three major objectives in this studytolproduce insulin-producing cells
from undifferentiated hESCs (hES-DIPCs) and evalubé capability of hES-DIPCs
for diabetic treatment vivo; 2) to examine the antidiabetic effect of the comahbon
of G. procumbens extract (GPE) and Wharton’s jelly derived mesemncalystem cells
(hWJ-MSCs)in diabetic animal model; and 3) to investigate thiee hWJ-MSCs can

be used as a possible source for diabetes treatment



CHAPTER Il

LITERATURE REVIEW

2.1 Diabetes mellitus

The first description of diabetes started in apprately 1550BC. An ancient
Egyptian papyrus is thought to be the first refeeeto the disease. It mentions a rare
disease that causes the patient to lose weightlyagnd urinate frequently. Diabetes
mellitus comes from the Greek words for ‘siphondasugar’ and describes the most
obvious symptom of uncontrolled diabetes: the passif large amounts of urine,
which is sweet because it contains sugar. Res@&atble last hundred years has led to
a greatly improved understanding of diabetes. Tvamadian Scientist, Frederick
Banting and Charles Best, discovered in 1921 thaulin was produced in the
pancreas by the islets of Langerhans. They weredmdahe Nobel Prize in Medicine
for their discovery two years later (Sattley, 2008)

2.1.1 Epidemiology

The prevalence of diabetes in the world’s poputatidll rise from 151
millions in the year 2000, to 221 millions by theay 2010 and to 300 millions by
2025 (Zimmet, Shaw and Alberti, 2003) (Figure 2The expected population growth
between 2000 and 2003 will be focused in developmgntries (Wild, Roglic, Green,
Sicree and King, 2004). There will be a 170% insegdrom 84 to 228 millions in the
developing countries and the majority of peoplehvdiabetes are in the age range of

45-64 years (King, Aubert and Herman, 1998). Intast, the majority of people



with diabetes in developed countries are > 64 yeérage (Wild, Roglic, Green,
Sicree and King, 2004).The global diabetes prewaas similar in men and women
but it is slightly higher in men < 60 years of aged in women at older ages
(Wild, Roglic, Green, Sicree and King, 2004). Thare more women than men with
diabetes in many countries particularly in the deped countries, a probable
explanation is the greater long life of women.

The International Collaborative Study of Cardissaar Disease in Asia
(InterASIA) has demonstrated that diabetes and imegaasting glucose (IFG) are
common in Thai adults. These conditions are assmtm@ith adverse cardiovascular
risk factors. The estimated national prevalenceliabetes in Thai adults was 9.6%
(2.4 millions people), which included 4.8% of pawsly diagnosed and 4.8% of
newly diagnosed subjects. The prevalence of IFG3w% (1.3 millions people). The
prevalence of diabetes and IFG in Thailand havenri®o Western levels which
appears to be ascribing to change in demograpbior&including the greater age of
the population, the increased proportion livingaimurban area and increasing levels

of obesity (Aekplakorn et al., 2003).



World

- 2003 = 189 million

2025 = 324 million
Increase 72%

Figure 2.1 Prevalence of diabetes in the world’s populatiommfdet, Shaw and

Alberti, 2003).

2.1.2 The classification of diabetes mellitus

Diabetes mellitus is a group of diseases present@tl chronic
hyperglycemia and other metabolic disorders, whighdue to the inability of body to
produce or properly use insulin. The diabetic statassociated with complications
(retinopathy, nephropathy, neuropathy and arteleossis) after a long duration of
the disease (Gavin, 1998; Kuzuya et al., 2002)thim Committee of the Japan
Diabetes Society (JDS) report, the etiological sifesation of diabetes and related
disorders of glycemia includes, 1) type 1; 2) t@ye3) other types of diabetes due to
specific causes; and 4) gestational diabetes nel{Kuzuya et al., 2002).

Type 1 diabetegT1D) was previously called insulin-dependent dials

mellitus (IDDM) or juvenile-onset diabetes. T1Das autoimmune disease of which



the immune system attacks and destroys the inputiducingp cells in the pancreas.
This type of diabetes usually progresses to thelates insulin deficiency stage. It
develops most often in children and young adult$ tmay appear at any age,
sometimes with slow progression (Knip and Siljan@808; Kuzuya et al., 2002).
T1D is characterized by selective loss of inspliaducingp-cells in the
pancreatic islets in genetically susceptible subjdt has been demonstrated that only
10-20% of theB-cells are still functioning at the time of diagiesin addition, in
family studies and also in general population ctjothe number of detectable
autoantibodies is unequivocally related to the o$kprogression to overt T1D. The
active players contributing f&-cell destruction are autoreactive T cells, bot4GIDd
CDS8 cells. The autoantigens including insulin, ghatic acid decarboxylase (GAD),
the protein tyrosine phosphatase-related islegantl (IA-2), and most recently the
zinc transporter SIc30A8 residing in the insulicre¢ory granule of th@-cell have
been identified in T1D. The important genes locatedhe HLA class Il locus on
chromosome 6 have been implicated in disease dilsitigp In addition, there are
ten other genes or genetic regions that have blesereed to be associated with T1D.
Furthermore, it has been documented that islet aalibodies (ICA), insulin
autoantibodies (IAA), auto-anti-bodies to the 65 kEbform of glutamic acid
decarboxylase (GADA) and the protein tyrosine plhaspse-related IA-2 molecule
(IA—2A) antibodies can be used to predict clini¢ddlD (Knip and Siljander, 2008).
Autoantibodies to islet cell antigens can be detbédn 70-90% of the patients,
particularly at the early period after onset. Auiiiaodies or the loss of acute insulin
response to intravenous glucose may be detectameb#ie occurrence of clinical

symptoms or hyperglycemia. However, autoantibod@sslet antigens are never



detected in some T1D patients (idiopathic typeabeies). In the future, T1D patients
may be classified into subtypes according to modeopnset (i.e. acute or
slowly-progressive), HLA antigens or epitopes aioamtigens (Kuzuya et al., 2002).

Type 2 diabetes(T2D) was previously called non-insulin-dependent
diabetes mellitus (NIDDM), obesity related diabetesdult-onset diabetes. It usually
preserves some extent of pancrefticells mass and their function. It seldom needs
insulin injection to sustain life. However, ketoasis could occur in the presence of
severe infection or other stress. This state igingnfrom predominantly insulin
secretory defect, to a predominantly insulin resise with varying degree of insulin
secretory defect. Its pathogenesis involves the booations of decreased insulin
secretion and decreased insulin sensitivity (imskdsistance) (Kuzuya et al., 2002).

It is the most common form of diabetes and i®eassed with older age,
obesity, family history of diabetes, previous higtof gestational diabetes, physical
inactivity, and race/ethnicity. African Americand{lispanic/Latino Americans,
American Indians, and some Asian Americans andviddtiawaiians or other Pacific
Islanders are at particularly high risk f@D. T2D is increasingly diagnosed in
children and adolescents. Studies show that peapigh risk for T2D can prevent or
delay the onset of the disease by maintaining dthyediet and regular exercise
(Gavin,1998; Kahn et al., 2005; National Diabetes InfoioraClearinghouse, 2008).

Other types of diabetes due to specific causes

This diabetic state is further classified intmtmajor groups; A) those in
which specific mutations have been identified aparse of genetic susceptibility and

B) those associated with other specific diseaseswmditions.
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A) Diabetes in which specific mutations have beedentified as
a course of genetic susceptibilityThe genetic susceptibility for diabetes includes
genetic abnormalities of pancreaficell function and insulin action. This group with
known genetic defects @¥cell function comprise of insulin gene abnormaktiand
MODY (maturity-onset diabetes of youth) cases. Apma insulinemia and
proinsulinemia are characteristic features of imsgene abnormalities condition.
MODY is related to the mutations of genes for RNMODY 1), Glucokinase
(MODY 2), Hnfla (MODY 3), IPF1 or Pdx1 (MODY 4) and Hrf1(MODY 5).
Abnormalities of mitrochrondrial DNA and amylin geare also identified as genetic
defects of3-cell function. A number of insulin receptor genatations such as type A
insulin resistance, leprechaunism and Rabson-Mdrallesyndrome are included in
this category (Garvin, 1998; Kahn et al., 2005; tyeet al., 2002).

B) Diabetes associated with other pathologic coitobns or
disease.This group includes persons with exocrine panarediseases, endocrine
diseases, liver diseases, drug- or chemical-indytology, viral infections, rare
forms of immune-mediated diabetes and various gersghdromes. With known
underlying etiology, the disease can be assigned ato more specific,
pathophysiology-based category (Garvin, 1998; Kazelyal., 2002).

Gestational diabetes mellitus (GDM)s a state referred to any woman
who develops glucose intolerance during pregnalhéy.more common among obese
women and women with a family history of diabet&hough this form of diabetes
usually disappears after the birth of the baby, ewonwho have had GDM have a
20 to 50 percent chance of developing T2D withito510 years. About 7.05% of

pregnant women in Thailand develop GDM. GDM is emu$®y the hormones of
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pregnancy and a shortage of insulin. The matensél factors for GDM include
increasing age, racial origin, family history ofadetes mellitus and pre-pregnancy
body mass index. Older mothers and overweight woaremmore likely to get GDM.
GDM has serious adverse consequences for both rsadine their children. Patients
who have been diagnosed with diabetes before pnegrare considered to have the
‘pregestational diabetes mellitus (PDM)’ conditidamong women who develop T1D
during pregnancy or those with undiagnosed, asymatic T2D discovered during
pregnancy are classified as having GDM. Mother$iWiDM and their children face
accelerated diabetes complications, such as hyssote and retinopathy, increased
risk for many adverse outcomes including birth defeperinatal mortality (Garvin,
1998; Kahn et al., 2005; Kuzuya et al., 2002; NatloDiabetes Information
Clearinghouse, 2008; Buchanan, 1995).

The stage of diabetes can be assessed folloWwangadnditions that will
help evaluate the degree of insulin deficiencyudeig, clinical information (history
of the disease, glycemic level and its stabiligtdsis-proneness and response to diet
and drug therapy), plasma insulin assays (fastimg) ater glucose load, and after
intravenous glucagon), and C-peptide assays inmalaand urine (Kuzuya et al.,
2002).

2.1.3 Diagnosis of diabetes mellitus

The diagnosis of diabetes should be performed & ghbjects and
considering the current degree of glycemia. Anyeadsessment and treatment of
patients are also essential for preventing diabemsplications. The diabetes
complications are closely associated to the degrek duration of hyperglycemia.

(Gavin, 1998; Hall and Davies, 2008; Kuzuya et2002).
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Individuals within an intermediate group were diaged as having
glucose criteria did not specifically meet those fhabetes. These individuals
therefore have an IFG [fasting plasma glucose (FR@ls 100 mg/dl (5.6 mmol/l) to
125 mg/dl (6.9 mmol/l)], or impaired glucose toleca (IGT) [2 h values in the oral
glucose tolerance test (OGTT) of 140 mg/dl (7.8 rdinoto 199 mg/dl
(11.0 mmol/l)]. Patients with IFG and/or IGT are referred to asitgpre-diabetes,
indicating the relatively high risk for the futudevelopment of diabetes. IFG and IGT
are associated with obesity (especially abdomimalisceral obesity), dyslipidemia
(high triglycerides and/or low HDL cholesterol) angpertension. Indeed, individuals
with A1C levels 5.7-6.4% should be considered toabénigh risk for developing
diabetes (Diagnosis and classification of diabete8itus, 2012).

Current diagnostic criteria for diabetes are sunmedrin Table 2.1. The
established glucose criteria for the diagnosisiatbetes [FPG and 2 h plasma glucose
(PG)] remain valid as well. The new diagnostic qubint for diabetes is
FPG> 126 mg/dl (7.0 mmol/l) and confirmed the long-stg diagnostic 2 h PG
value of> 200 mg/dl (11.1 mmol/l). Moreover, the A1C withhaeshold of> 6.5% is
recommended as the cut point for diagnosing digbdtarthermore, patients with
classic symptoms of hyperglycemia or hyperglycentasis with a random
PG> 200 mg/dl (11.1 mmol/l) are defined as diabeteagbosis and classification of
diabetes mellitus, 2012).

The diagnostic tests should be repeated to rultelaboratory error,
unless the diagnosis is clear on clinical grourglssh as a patient with classic
symptoms of hyperglycemia or hyperglycemic crisi$at is, the same test be

repeated for confirmation since there will be aatge likelihood of concurrence in
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this case. For example, if the A1C is 7.0% andoaaeresult is 6.8%, the diagnosis of
diabetes is confirmed. However, if the two diffdréests (e.g., FPG and A1C) are
both above the diagnostic thresholds in the sartiepathe diagnosis of diabetes is
confirmed. On the other hand, in an individual witle results of two different tests
are discordant, the test whose result is abovedthgnostic cut point should be
repeated and the diagnosis is made on the bathe aonfirmed test. For example, if
a patient meets the diabetes criterion of the AWD fesults> 6.5%) but not the FPG
(< 126 mg/dl or 7.0 mmol/l), or vice versa, thatgmn should be considered to have
diabetes. It should be noted that the test whiah tosassess a patient for diabetes
should be at the discretion of the health caregsbnal, taking into account the
availability and practicality of testing an indiuvdl patient or groups of patients
(Diagnosis and classification of diabetes melli2(12).

GDM carries risk for the mother and neonate. Tis& of adverse
maternal, fetal and neonate outcomes in GDM alsceases with maternal glycemia
at 24-28 weeks, even within ranges previously aered normal for pregnancy. In
pregnant women not known to have diabetes, thend&tg test using a 75 g OGTT
should be performed at 24-28 weeks of gestatiom. diagnostic cut points were as
follows: fasting> 92 mg/dl (5.1 mmol/l), 1 b~ 180 mg/dl (10.0 mmol/l) and
2 h> 153 mg/dl (8.5 mmol/l). Admittedly, the diagno$ GDM should then be
based on only one blood glucose value above theifsgae cut points. These
diagnostic criteria for GDM will made the worrisomerldwide increases in obesity
and diabetes rates, with the intent of optimiziegtgtional outcomes for women and

their babies (Diagnosis and classification of diabemellitus, 2012).
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Table 2.1 Criteria for the diagnosis of diabetes (Diagnosml alassification of

diabetes mellitus, 2012).

Al1C > 6.5%. The test should be performed in a laboratming a method that is
NGSP certified and standardized to the DCCT assay.*
OR
FPG> 126 mg/dl (7.0 mmol/l). Fasting is defined as atodc intake for at least 8 h.*
OR
2 h plasma glucose 200 mg/dl (11.1 mmol/l) during an OGTT. The telsbusld be
performed as described by the World Health Orgaiozausing a glucose load
containing the equivalent of 75 g anhydrous gluatissolved in water.*
OR
In a patient with classic symptoms of hyperglycenoia hyperglycemic crisis,

a random plasma glucos€200 mg/dl (11.1 mg/dl).

*In the absence of unequivocal hyperglycemia, geté-3 should be confirmed

by repeat testing.
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2.1.4 Complications of diabetes mellitus

Diabetes can cause problems in so many parteeobody that it may
damage large blood vessels (called macrovasciudaasie) and damage to small blood
vessels such as capillaries (called microvascukeade). These complications may
considerably affect the quality of life, patienssrvival and also health care direct and
indirect cost. Preventing diabetes complicationls wiprove the patient’s quality of
life and survival as well as reducing medical co#itsis it will benefit society and
save resources for other purposes (Morsanutto,1Gi6).

In macrovascular disease, high blood glucoseesahsrdening of the
arteries (arteriosclerosis), which can lead to arthattack, stroke or poor circulation
in the feet. Heart disease is the leading caustiatfetes-related death. Adults with
diabetes have heart disease death rates about #rtees higher than adults without
diabetes. The risk of stroke is also 2 to 4 timesatpr for people with diabetes.
Moreover, the microvascular disease is closelydihko high blood glucose which
results in thickens capillary walls, makes blootksér and can cause small blood
vessels to leak. Together, these effects reduaaldmculation to the skin, arms, legs,
and feet. They can also change the circulationhto @yes and kidneys. Reduced
capillary blood flow may cause some brown patcheshe legs (Kahn et al., 2005;
National Diabetes Information Clearinghouse, 2012).

The microvascular complications of diabetes swsh retinopathy,
nephropathy and neuropathy are an increased bumdére individual with diabetes
(Girach and Vignati, 2006). Retinopathy (eye dis¢as the most common cause of
impaired eyesight and loss of vision in diabeticigras. Risk factors of diabetic

retinopathy (DR), include the duration of diabetgigbetes type, and poor glycemic
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and blood pressure control (Delcourt, Massin ansil®o 2009). The presence of DR
is associated with an increased risk of mortalityis association in patients with T2D
is more consistently seen than that in T1D. It wssociated with an older age and
possibly with the higher prevalence of cardiovaacukk factors in T2D. In addition,
there is emerging evidence indicated that DR refledidespread microcirculatory
disease in vital organs elsewhere in the body. 84s®ciation of diabetic retinopathy
with a range of systemic vascular complicationsutdhde provided as a biomarker of
underlying widespread deleterious effects from amab glucose metabolism
(Cheung and Wong, 2008). The major component of iDRetinal microvascular
dysfunction which is characterized by hemorrhagegroaneurysms, cotton-wool
spots, lipid exudates, macular edema, capillary luscan and ultimately
neovascularization. The development and progreseifo®R are also related to
systemic metabolic and cardiovascular parametdrgs,Tthe treatment must include
active management of systemic diabetes and camstalar risk factors
(Gardner, Antonetti, Barber, LaNoue and Levisor)20

Nephropathy is the most common cause of kidneyadg in both T1D
and T2D. The clinical manifestations include proteia, decreased glomerular
filtration rate and increasing blood pressureT1D patients, the renal morphologic
lesions occur in the glomeruli, arterioles, intéigin and tubules. In contrast, T2D
patients have normal glomerular structure with athewt tubulo-interstitial and
arteriolar abnormalities, despite the presence icfaalbuminuria or proteinuria. It
has been suggested that genetic factors may bertempan conferring diabetic
nephropathy risk and/or protection in both T1D aD (Dabla, 2010; Vestra and

Fioretto, 2003). Several family studies have shdhencases of diabetic nephropathy
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cluster in families and a parental history of hypesion is more common in patients
with diabetic nephropathy. It demonstrates thatenggmsion has an important role in
the genetic susceptibility to diabetic nephropatfifie susceptibility to diabetic
nephropathy is caused by at least one or more nhagais within the susceptibility
gene(s), these are helpful in predicting thoseep&iat risk of diabetic nephropathy
(Krolewski, Fogarty and Warram, 1998). Diabetic m&pathy is a multi-stage
condition that takes several years to become dlilyiovert. In the individual with
diabetic nephropathy, the changes in renal fundimh as glomerular hyperfiltration,
increased renal blood flow and hypertrophy of tidnky usually appear at the onset
of diabetes. Good glycemic control can reverse ehgsanges at an early stage.
However, the persistent of those changes in ranaition may be important in the
later development of clinical nephropatfThomas and Viberti, 2006).

Neuropahty is one of the most common long termpl@ations of both
T1D and T2D. The spectrum of clinical and subchhicyndromes differs in
anatomical distributions, clinical courses, and siay underlying pathogenetic
mechanisms.The syndromes may be grouped into diffuse and foeairopathies.
The diffuse neuropathies are comprised of distammgtrical sensorimotor
polyneuropathy (DPN) and diabetic autonomic neuttopéDAN) (Edwards, Vincent,
Cheng and Feldman, 2008). DPN is a ‘length-relapadtern of sensory deficits, with
the symptoms starting in the distal portions of ékremities. Indeed, it progresses in
a “glove-stocking” distribution that appears exteigdto involve the feet and legs.
Based on epidemiological studies, the risks for D&l increased with increasing
age, increasing duration of diabetes, poor glyceroiatrol, hypertension, smoking,

obesity and hyperlipidaemia. DAN is very commonsinbjects with long-standing
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diabetes, but clinically significant autonomic dys€tion is uncommon. The

abnormalities of autonomic function affect sevesgétems such as cardiovascular,
gastrointestinal and genito-urinary (Tesfaye, 2010ardiac autonomic neuropathy
(CAN) is a significant risk of mortality due to isssociation with several negative
outcomes. CAN can result in orthostatic hypotensidmanges in peripheral blood
flow, exercise intolerance, silent ischaemia anddem death (Tesfaye, 2010). The
production of oxidative stress is a common factat teads to nerve damage. It is
assumed that several metabolic changes occur amsequence of high levels of
glucose and thus lead to oxidative stress (Linewld Shotton, 2008). Combinations
of oxidative stress and hyperglycemia have an etiadbiochemical pathways which
induce inflammation and neuronal dysfunction. lowd be emphasized that strict
glycemic control is the only proven method currgrgVailable to prevent DPN and
DAN or slow progression (Edwards, Vincent, Chend &eldman, 2008). There are
two forms of focal neuropathies including mononesirand entrapment syndromes.
Mononeuropathy tends to occur in older patientsgaste in onset, usually involve
single or multiple nerves, is self-limiting and obs&es spontaneously. Median and
ulnar neuropathies are the most common periphe&taenmononeuropathies. It also
suggests that the diabetic nerve has increasece sty to compression. The

entrapment neuropathies can occur in median, ulmemneal, medial and lateral
plantar nerves. Its treatment is wrist resting by placement of a wrist splint in a
neutral position, and the addition of anti-inflamorg drug medications. The

treatment with surgery should be considered basedseverity of symptoms,

appearance of motor weakness and failure of notalrg treatment

(Edwards, Vincent, Cheng and Feldman, 2008; Vinik Klehrabyan, 2004).
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Figure 2.2 Glove-stocking configuration of diabetic neuropat@PN). DPN is
dependent on axon length, initiating in the toed progressing upward
until reaching the calf. Neuropathy presents affitingertips at this point

(Edwards, Vincent, Cheng and Feldman, 2008).

The major cause of morbidity and mortality foaloktic individuals is
cardiovascular disease (CVD). Both T1D and T2D vittlials have a 2- to 3-fold
incidence of CVD (Cameron, 2010; Marks and RasR000). People with diabetes
have more cerebrovascular accidents, coronaryyadisease, and peripheral arterial
disease (Kengne, Turnbull and MacMahon, 2010). ridkeof cardiovascular death is
associated with increasing fasting plasma glucas® & h post-challenge glucose
levels. In addition, the clustering of impaired thag glucose with hypertension,
visceral obesity and atherogenic dyslipidemia (IG#DL cholesterol or high

triglycerides), known as metabolic syndrome, insesathe risk of CVD (Deedwania
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and Fonseca, 2005). Moreover, it is important tteribat women with diabetes have
higher risk of CVD than men. Since obesity, hypasten and dyslipidemia are more
common and more severe in diabetic women. Theeeidence that diabetic women
are less responsive than diabetic men to treatroertardiovascular risk factors
(Rivellese, Riccardi and Vaccaro, 2010). Based loesé observations, an early
identification and intensive glycemic control hatiee potential to reverse the
progression and can reduce the morbidity and miytaf CVD (Deedwania and

Fonseca, 2005). It appears that aggressive confrdlood pressure in diabetic
individuals may prevent the development of CVD (kéaand Raskin, 2000).

2.1.5 Diabetes treatment

The major goal of diabetes treatments is to conélevated blood
glucose without causing abnormally low levels obdad glucose. T1D treatments
include insulin, exercise, a diabetes diet and wradlications are useless in this type.
T2D treatments include weight reduction, a diabelies and exercise. When these
treatments fail to control the elevated blood ghe;mral medications are used. If oral
medications are still insufficient, insulin medicais are considered (Kahn et al.,
2005; National Diabetes Information Clearingho#)8).

Antidiabetic drugs have the potential to prevenabétes-related
sequelae, by normalizing glycemic levels while mizing adverse events. There are
distinct classes of drugs for glycemic regulatiowhich include biguanides,
sulfonylureas, meglitinides, thiazolidinediones;glucosidase inhibitors, GLP-1
agonist, DPP-4 inhibitors and insulin. Their unigolearmacologic properties have
provided a number of choices for physicians to vittlialize treatment of diabetic

people (Lorenzati, Zucco, Miglietta, Lamberti antuBo, 2010). These drugs may be
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used in combination (Melikian, White, Vanderplasezid and Chang, 2002).
However, it is important to note that many anti@itiy agents could result in serious
morbidity if administered to unsuitable patients\{fier, 2007).

Insulin therapy has been considered the appiteprieeatment for
glycemic control in patients with diabetes. InsuBrrequired for everyone with T1D
and some people with T2D. In order to maintaincstcontrol of blood glucose in
patients with T1D, continuous subcutaneous insurfansion (CSIl) is used as the
treatment strategy. A meta-analysis was perfornoedvialuate the selected insulin
regimens that included 1) multiple daily insulinections therapy (MIT) or CSIi
versus conventional insulin treatment (CIT), 2) twersus four daily insulin
injections and 3) rapid-acting insulin analoguessus human soluble insulin. The
current evidence showed that a significant redactio ALC was seen during CSII
treatment. Interestingly, when comparing the effdctapid-acting insulin analogues
versus human soluble insulin, no difference of A®&Guction was observed between
the two insulin types. However, a reduction in thgoglycemic events was found
when using rapid-acting insulin analogues (Jacgbst&mriksen, Hother-Nielsen,
Vach and Beck-Nielsen, 2009).

Due to inadequate oral treatment regimens, insulias been
recommended as a treatment option in T2D. Theesadse of insulin can help
patients achieve long-term glycemic control, andluce the risk of diabetes
complications (Eldor, Stern, Milicevic and Raz, 80®unnell, 2008; Vinik, 2006).
The effects of insulin on quality of life are in@stent (Funnell, 2008).

Despite an improvement in glycemic control withuls therapy, there

has been reported on the allergic reactions wispaet to insulin products. Insulin



22

reactions were reported in many patients treatett wisulin preparations ranging
from local injection site reactions to severe gaheed anaphylactic reactions
(Ghazavi and Johnston, 2011).

Regarding the need to eliminate exogenous ins@irell replacement
therapy for diabetic patients can be achieved theepancreas or islet transplantation
(Kandaswamy and Sutherland, 2006). The first sisfabpancreas transplantation
was performed in 1966 (Shyr, 2009). The pancreassplant recipients are able to
stabilize or improve the long-term complications diibetes (e.g. retinopathy,
nephropathy, and neuropathy) (Vogel and Friend1p0dowever, it should be noted
that this treatment is associated with the riskpahcreatic graft rejection and the
consequent burden of pharmacological immunosupipresDespite having the
immunosuppressive regimens, thecurrence of T1D has been identified in some
recipients, partly due to persistent autoimmu(gnnedy and Dinneen, 201®@ecause
pancreas transplant is associated with surgicabidlity, islet cell transplantation has
become an option for the patient. Islet cell trdasiation appears to be less invasive with
fewer complications(Kandaswamy and Sutherland, 2006). There are leng-t
endogenous insulin  production and glycemic stabildassociated with islet
transplantation using the Edmonton protocol. Howgewesulin independence was
depended on the numbers of isolating islets fronailalle pancreas donors
(Shapiro et al., 2006urthermore, other limitations are related to thentful effect
of immunosuppressive agents and the limited nunolbgrancreas donors (Naftanel
and Harlan, 2004).

The requirements for an effective and unlimiteghdy for pancreatic

B-cell replacement has led to explore the way okegatng insulin-producing cells to
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use in this treatment. Recently, scientists deveklpbased therapy as the alternative
treatment to conventional donor dependent transgian. Stem cells are
self-renewing cells and are able to differentiat®ivo to produce the desired kind of
cell. Laboratories all over the world have beenlestpg the possibility of using stem
cells to restore damaged or lost tissue (Beatte ldayek 2004; Stojkovic, Lako,
Strachan and Murdoch, 2004). The understandingh@fdevelopmental biology of
pancreas would be helpful fan vitro differentiation of stem cells towards the
functional insulin-producing cells.
2.1.6 Diabetes management

The disease and case management interventions ahetds are
improving health and quality of life. The goal aease management is to improve
short- and long-term health or economic outcomebath in the entire population
with the disease. This intervention is composedlpfthe identification of the
population with diabetes or a subset with speaharacteristics (e.g., cardiovascular
disease risk factors), 2) guidelines or performaste@dards for care, 3) management
of identified people and 4) information systems fwacking and monitoring.
Additional approaches are focused on the patientpapulation (e.g., diabetes
self-management education [DSME]), the provideg.(eteminders or continuing
education), or the healthcare system or practicg.,(@ractice redesign in which
“planned improvements” are made in “the organizatd practice to better meet the
needs of the chronically ill”). An important intemtion for people at high risk for
adverse outcomes and excessive healthcare ublizats case management
intervention. The essential features of case manege are 1) identification of

eligible patients, 2) assessment, 3) developmentamwf individual care plan,
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4) implementation of the care plan and 5) monimh outcomes. The effectiveness
of case management results in improving both glyceoontrol and provider
monitoring of glycemic control. Case management bancombined with other
interventions include self-management educationméiovisits, telephone call
outreach, telemedicine, and patient reminders (bletral., 2002).

According to the economic impact, interventioosdiabetes to decrease
complications can be classified as 1) clearly sasting, 2) clearly cost-effective,
3) possibly cost-effective, 4) non-cost-effectives) unclear. Retinopathy screening
to prevent blindness and pre-conception care tegntebirth defects are classified as
clearly cost-saving. For nephropathy preventionTibD and improved glycemic
control, the economic impact of these interventibas been clearly cost-effective.
Interventions that provide nephropathy preventionTi2D and self-management
training are reported as possibly cost-effectiveerventions with unclear economic
impact included case management, medical nutritteerapy, self-monitoring of
blood glucose, foot care, blood pressure contrédod lipid control, smoking
cessation, exercise, weight loss, A1C measuremefijenza vaccination, and
pneumococcus vaccination (Klonoff and Schwartz,0200

Nevertheless, the various barriers to diabetesagement among
persons with T2D have been identified from the pecsves of both patients and
clinicians. The failure of diabetes self-managem®snpatients as well as inadequate
intervention strategies by clinicians may be affertglycemic control. The patient
factors included adherence, beliefs, attitudeswkedge, ethnicity/culture, language
ability, financial resources, co-morbidities anctiab support may relevant to T2D

management. In addition, adherence to self-managense influenced by an
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individual's financial resources, beliefs and atiégs about the disease, and
effectiveness of the treatment regimen. The clama barriers can influence the
diabetes care outcome. Clinician factors whichuded beliefs, attitude, knowledge,
communication skills and health care system magcaftliabetes self-management
education and quality of diabetes care. Therefohe, quality of diabetes care
including metabolic control and diabetes self-ma&magnt can be improved by
identifying barriers to diabetes management (Nahedla, Stotts, Kroon and Janson,

2011).

2.2 The pancreas

2.2.1 Pancreas structure
The pancreas is an organ located in the abdomeandd#ie stomach. It
contains the exocrine and endocrine functionsgEAD06). The secretory units of the
exocrine part are groups of cells, known as asimirounding the ends of small ducts.
The acinar cells secrete digestive enzymes, whachdigest proteins, carbohydrates,
nucleic acids and fat. The endocrine part is a lspraportion of pancreatic cells that
aggregates into small clusters and scatters thouighe exocrine cells. These small

clusters of cells called the islets of Langerharen( 2005).
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Anatomy of the Pancreas
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Figure 2.3 Anatomy of the pancreas.

Source : http://lwww.yalemedicalgroup.org/stw/Page?®agelD=STW023328

2.2.2 Pancreas development

The mature pancreas is composed of two differentsires: endocrine
and exocrine, which consists of the various cglet/(Table 2.2)These pancreatic
cell types are derived from endodermal origin (Fég@.4). During embryogenesis,
the pancreas arises from dorsal and ventral budthefforgut endoderm. Dorsal
endoderm is in contact with the notochord and & mancreas is close to the cardiac
mesoderm. The dorsal prepancreatic endoderm andatoehord remain in contact
until about embryonic day (E) 8.5 in mice (13 sawitstage) (Soria, 2001).

Subsequently, the dorsal pancreatic bud can bectddteon E9.5 (22-25 somites
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stage). Then, the ventral pancreatic bud appeaislorb (approximately 30 somites
stage) (Gangaram-Panday, Faas and de Vos, 200&)pdincreatic bud undergoes
branching morphogenesis by E12.5 and the dorsalvandral buds later fuse to
produce an epithelial tubular complex that contdinesprecursor cells for islets, acini
and ducts (Kim and MacDonald, 2002; Wells, 2003he Twell-defined islet

architecture is observed in E18, which forms insgkecreting cells in the center and

non-cells in the periphery (Soria, 2001).



Table 2.2 Pancreatic cells: their phenotypes and functicem@aram-Panday, Faas and de Vos, 2007).

Pancreas Cells Function
Endocrine B-cells Production of insulin for sustaining euglycemia
a- cells Secrete glucagon, which counteracts insulin hypzagtyia effects
o-cells Secrete somatostatin, which inhibits insulin secret
PP cells Pancreatic polypeptides function remains unclear
Ghrelin cells Production of ghrelin can inhibit glucose-inducesdlulin release and stimulate
glucagon secretion
Exocrine Acinar cells Produce at least 22 digestive enzymes such asagesteamylases, lipases and nucleases
Duct cells Produce non-enzymatic components of the pancreddie, including bicarbonate

8¢
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Figure 2.4 Cells that give rise to the endocrine pancréag. pancreas derives from
an unspecified sheet of endoderm cells. The endodsheet is
transformed into an epithelium, leading to the espion of Pdx1. Pdx1
expression marks both the dorsal and ventral dasnaiinhe developing
pancreas and defines where the pancreatic buds aplbear.
Pdx1-expressing cells can give rise to all thesceflthe adult pancreas
and therefore represent a pancreatic precursor. gdrmereatic bud
undergoes branching morphogenesis and endocringemitor cells
begin to express Ngn3. Ngn3-expressing cells cae gise to all

endocrine cells of the adult islet (Wells, 2003).
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2.2.3 Transcription factors involved in pancreaticdevelopment
The steps that control endocrine pancreas in sedciell types or

developmental stages are restricted to the panspeasfic transcription factors

(Figure 2.5).
Isl1
kaZ.% Paxs
o)
L Beta Cell
neuroD1 .
ngn3 /
e-@&—-0-0-o
HNF6 Alpha Cell
Progenitor PDX1

O-»V/.;i'f —_—, — ——» — > o
HNF3p \ Duct

Exocrine

Figure 2.5 A proposed model of the hierarchy of transcriptfantors involved in

pancreatic development (Schwitzgebel, 2001).

The winged-helix transcription factor Foxa2 [formyerhepatocyte
nuclear factor B (Hnf3B)] is a transcriptional regulator ¢fdx1 and regulates fetal
endocrine pancreas development (Gao et al., 2087a,2001).Foxa2/Hnf3p is first
expressed at E5.5-6.5 in the anterior part of Hréy @rimitive streak and later in the

definitive endoderm (Schwitzgebel, 2001). In acdncreatic-cells, Foxa2/HnfB
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also plays a major role in the assembly and maames of the glucose metabolism
and insulin secretion machinery (Gao et al., 200t7has been demonstrated that
Foxa2/Hnf34 deficiency may contribute to the relative hypeulirteemia (Lantz et al.,
2004). Another homeodomain transcription factorf@;lis expressed in the epithelial
cells that are precursors of the exocrine and emd@ancreatic cells. It is the first
positive regulator of the proendocrine gendlgn3 in the pancreas
(Jacquemin et al., 2000).

The protein Hb9 expression is observed at E8henepithelium at the
forgut-midgut junction. It is expressed in the @brand ventral portion by E13.5. Hb9
is expressed at E17.5 restricted fdcells only in the adult pancreas
(Schwitzgebel, 2001).

As pancreatic buds form, the cells are morphahklty uniform and are
expressed for the pancreatic-duodenal homeoboxdk1jP Pdx1-expressing cells
represent a pancreatic precursor that will give ts all types of adult pancreatic
cells. The islet transduction with dominant-negatRdx1 (RIPDN79PDX1) results in
impaired mitochondrial metabolisrand glucose-stimulated insulin secretion (GSIS)
(Gauthier et al., 2009).

Ngn3, a member of the basic helix-loop-helix (BHLfamily of
transcription factors, is expressed in the panmreatiage at E9.0- 9.5 (Schwitzgebel,
2001). At E12.5, these pancreatic buds becomerto tbe branching morphogenesis
and endocrine progenitor cells are found to exphegs3. Ngn3-expressing cells are
considered as the endocrine progenitor cells {hetiScally give rise to the endocrine

pancreas (Wells, 2003). Ngn3-deficient embryos hawdramatic alteration in the
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morphology of the developing ductal tree in the gmaas of E13.5 and E15.5
(Magenheim et al., 2011).

The B cell e-box transactivation BETA2) [also known as neurogenic
differentiation 1 NeuroD1)] is associated with the activation of timsulin (INS) gene
and islet cells differentiation (Gangaram-Pandagad-and de Vos, 2007; Soria,
2001). At E9.5, the expression ®ETA2/NeuroD1 is presented in a subset of
pancreatic epithelial cells and becomes restrittetie adult islets. It was shown that
the cooperation oNeuroD1 and Pdx1 maintained the property of insulin-producing
cells derived from embryonic stem cells (Saitohmé#o, Miyazaki and Miyazaki,
2007). In NeuroD1-null mice, the reductionwfandp-cells is presented after E17.5
(Chao, Loomis, Lee and Sussel, 2007).

The paired box gene namdehx4 and Pax6 are required for the
differentiation of certain endocrine cell lineagksing pancreas development. During
the early stages of pancreas developnieg4 andPax6 are expressed in the cellular
subsets of the endocrine lineage (Dohrmann, Grumk laemaire, 2000).Pax6
expression is required for the generation of glocagecretingi-cells, which can be
detected around E9.0 in a small subset of celthenprepancreatic endoderPax6
can be detected throughout pancreas developmeateadirax4 can only be detected
during embryogenesig$?ax4 expression is first detected in E10 embryos, whgh
restricted to insulin producingrcells and somatostatin producidgells (Dohrmann,
Gruss and Lemaire, 2000; Soria, 2001)Pax6 knock-out mice, glucagon producing
a-cells are absent throughout all developmentalestatn contrastPax4 knock-out

mice are unable to develop matfreells (Dohrmann, Gruss and Lemaire, 2000).
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It has been shown thadtkx2.2 and Nkx6.1 genes are required for
pancreatic development (Chiang and Melton, 20082\ is expressed in the whole
pancreas bud at E9.5, but later it becomes restricta-, f- and PP-cells. Moreover,
Nkx2.2 is required for maintenance of Nkx6.1 expr@s. Nkx6.1 expression starts at
E10.5 in the pancreatic bud and then becomesatestrto insulin-producing cells by
E15.5 (Gangaram-Panday, Faas and de Vos, 2007;it3ghbel, 2001). Nkx2.2
mutant mice show immature or partially differerg@B-cells, coupled with the
absence of insulin production (Sussel et al., 198 Ai-mediated suppression of
Nkx6.1 mRNA in rat insulinoma INS-1-derived celhdis demonstrates a decrease in
glucose-stimulated insulin secretion (GSIS) (Sehist al., 2005).

Isl1 is involved in the early formation of the nmaeas. During
development, Isl1 is expressed in dorsal pancreapithelium at E9.0. Isl1 is
presented at E9.5 in glucagon positive cells anrlan all the islet cells
(Gangaram-Panday, Faas and de Vos, 2007; Schwelz g€191).

2.2.4 Pancreatic endocrine cells development

During pancreatic organogenesis, the populatigmaoicreatic progenitor
cells receives multiple signals in order to diffeiate into the endocrine cells
(Dhawan, Georgia and Bhushan, 2007). The early enarkpancreatic organogenesis
is the homeobox transcription factor Pdx1l. The etecr factors including the
transforming growth factop- (TGF{}) members (e.g. activin) and fibroblast growth
factor-2 (FGF2) are known to influence pancreatwedlopment. These factors can
also induce transcription of pancreatic marker genasolated endoderm (Burant and
Simeone, 2002). The repression of Sonic Hedgehbhb)(By both activin and FGF2

leads to Pdx1l expression in adjacent pancreatiodarch (Burant and Simeone,
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2002; Soria, 2001). In addition, the expansion difféérentiation of progenitor cells
has been shown to involve Notch signaling. The Nosignaling involves in
maintaining the progenitor cell population and alswevented endocrine
differentiation. It should be noted that Notch silymg maintains the progenitor cells
status by inhibiting Ngn3 expression (Dhawan, Georgnd Bhushan, 2007).
Accordingly, Ngn3 expression in pancreatic progasit is required for the
differentiation of the entire pancreas into endaoericells. However, these
Ngn3-expressing cells are mostly developed to glongroducing cells (Collombat,
Hecksher-Sorensen, Serup and Mansouri, 2006). fEmsiént expression of Ngn3
initiates endocrine differentiation and furtheriaates NeuroD1 that can drive islet
differentiation in progenitor cells (Gasa et aD08).

A number of transcription factors that are expeelsselectively in the
endocrine lineage in the developing pancreas, laadcould play a role in endocrine
cell subtype fate decisions, have been identiflédse factors contain homeodomains
and can be divided into early factors (Pax4, Nkxéh#d Nkx6.1) that are coexpressed
with Ngn3 in endocrine progenitor cells and latetdas (Pax6, Isll, Hb9 and Pdx1)
that are found in more mature cells (Wilson, Sclaeel German, 2003).

The paired-homeodomain factors, Pax4 and Pax& mmportant roles
in the differentiation of specific endocrine celldages during pancreas development.
Pax4 is expressed selectively in cells restriceethe - andé-cell lineage (Wilson,
Scheel and German, 2003). In additiBax6 is expressed in all endocrine cells of the
developing pancreas. There is further evidence Haa#l expression can only be

detected during embryogenesis, whitax6 can be detected throughout pancreas
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development (Dohrmann, Gruss and Lemaire, 2000)velder, the precursor cells
expressing onlyPax6 are restricted to the-cell fate (Chakrabarti and Mirmira, 2003).
In the final differentiation op-cells, the homeobox proteins Nkx2.2 and
Nkx6.1 appear to be crucial for directing develgpaells to theB-cell lineage. These
factors cause differentiation @kcells by activating directlyns gene in precursor
cells, as thelns promoter contains binding sites for both Nkx2.2d aNkx6.1
(Chakrabarti and Mirmira, 2003). Sander et al. (®0propose that downstream of
Nkx2.2, Nkx6.1 ensures the expansion and progression of NkxZgeeszingp-cell
precursors to matur@-cells. In addition, Pdx1 also plays a role in theal
differentiation of mature islet cells in which iegulates the expression of mature
B- ando-cell gene products. Furthermore, the studies sugpax6 and Isl1 in islet
hormone gene expression since Pax6 implicatesucagbn, insulin and somatostatin
expression and Isl1 implicates in glucagon and ¢ost@in expression

(Wilson, Scheel and German, 2003).

2.4 Stem cells

Stem cells are often classified with regards tartbegin, into embryonic stem
cells and adult stem cells. Depending on wheresteen cells originate, they have
different properties (Kiatpongsan, Tannirandorn afduitamasen, 2006; Stojkovic,
Lako, Strachan and Murdoch, 2004).

Embryonic stem cells (ESCgre derived from embryos that develop from
in vitro fertilized eggs e.gin vitro fertilization [IVF] clinic and then donated for
research purposes with informed consent of the idor©nce the inner cell mass

(ICM), which is part of the early (4-5 days old) leryo called the blastocyst is
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removed, the cells can be cultured into embryotgémscells. ESCs have the intrinsic
ability to become mesoderm, ectoderm, or endode¢hms giving rise to every
differentiated cells in the body. In addition, & also immortal by self renewal
capability. Consequently, ESCs are promising dgeeapeutic tool because it has less
limitation on differentiation potential.

Human adult stem cells are stem cells isolateth fvarious parts of the body
from fetus to adult stages of human developmerg. adult stem cell can renew itself,
and can differentiate to yield the major specializell types of the tissue or organ.
However, they contain less differentiation capatitgn ESCs. The primary roles of

adult stem celldn a living organism are to maintain and repag tlssue in which

they are found. It is generally believed that adt#im cell therapies will complement
but not replace embryonic stem cell therapies.ddekinds of adult stem cells seem
to have the ability to differentiate into a numleédifferent cell types under the right
conditions. If the differentiation of adult stemlsecan be controlled in the laboratory,
these cells may become the basis of therapies doyreerious common diseases.

Moreover, stem cells can be classified by a hobxar system (Kiatpongsan,
Tannirandorn and Virutamasen, 2006).

1. Totipotent stem cell is the first stage stenh ttat can be found in zygote.
It can develop into both embryonic and extraembiy/tissues.

2. Pluripotent stem cell is the later stage oiptuient stem cell. This cell type
can develop into all kinds of cells of an embryac@pt the extraembryonic tissues).
Pluripotent stem cell can be found in an embrytys@and developing organism.

3. Multipotent stem cell is a stem cell in any@pe tissues, organs or systems.

This stem cell has more limited differentiation gatial.
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2.3.1 Human embryonic stem cells (hESCs)
2.3.1.1 Derivation and culture of hESCs

The human embryonic stem cells (hESCs) are definggd the
ICM of blastocyst-stage embryos that are isolatedrbmunosurgery or mechanically
methods. The hESCs lines have been efficientlyvddrifrom ICM isolated by
immunosurgery that involves animal-derived substancmouse antibodies and
guinea pig complement (Skottman and Hovatta, 2086yvever, the immunosurgery
procedure raises the probability of smaller or podefined ICMs. Importantly, there
is a risk of the contamination of the hESCs witlnaal pathogens by the antibody
and complement treatment (Kim et al., 2005). Alatinrely, the use of Tyrode’s acid
for the removal of zona pellucida and mechanicalaison of ICM can serve as a
potentially useful method for the establishmenhBSCs line. Indeed, this technique
also implies that the blastocyst could not contadh animal-derived pronase,
antibodies, and complement factors (Skottman andhtia, 2006).

The hESCs lines can be maintained in an unefffigaited or
pluripotency staten vitro for prolonged periods of time. The potential ofS@Es to
differentiate into representing ectoderm, mesodamd endoderm derivatives has
generated the possible use of hESCs in therapapptications (Trounson, 2006).
The derivation process involves culturing of thevl©f blastocyst stage, induce to
proliferate and differentiate into desired cell égp(Stojkovic, Lako, Strachan and
Murdoch, 2004) (Figure 2.6). The first successtiivhtion of hESCs was performed
in the Thomson laboratory at the University of Vaissin (Madison, WI, USA). They
were isolated from the ICM of human blastocyst plated on mitotically inactivated

murine feeder cells (Thomson et al., 1998).
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Continuous culture of isolated ICM cells and KESin an
undifferentiated state requires the presence aleieéayers. Some previous reports
have demonstrated that the growth of undiffereetidtESCs can be maintained on
mouse embryonic fibroblast (MEF) feeders and onndam or Matrigel-coated-plastic
surface with MEF conditioned medium. The xenosuppggstems possibly transfer
harmful animal pathogens to any human transplaoipients in clinical use of
existing human cells (Mallon, Park, Chen, Hamiltord McKay, 2006). Furthermore,
human feeder layers are used for hESCs culturehwihdude human adult marrow
cells, human fetal muscle (FM), human adult skis)Acommercial human fetal skin
(FS; D551/CCL-10, American Type Culture Collect{&T CC]), human adult uterine
endometrial cells (hUECs), human adult breast mdmgnal cells (hBPCs) and
embryonic fibroblasts (hEFs). They are capableufgpsrt undifferentiated stage and
proliferation state of hESCs (Cheng, Hammond, YéarZ and Dravid, 2003;
Kibschull, Mileikovsky, Michael, Lye and Nagy, 201lllee et al., 2004a; Richards
et al., 2003). Conditioned medium from hESCs-detividoroblasts (hESC-dFs)
efficiently supports growth of hESCs in feeder-fadture systems (Stojkovic et al.,
2005). A three-dimensional (3D) porous natural pwy scaffolds (chitosan and
alginate) effectively support self-renewal of hES@#out the need of feeder cells or
conditioned medium (Li, Leung, Hopper, Ellenbogen Zhang, 2010). Recent study
has demonstrated that a defined engineered 3D fibierosystem allows adequate
propagation and cryopreservation of hESCs undedefetee chemically defined
conditions (Lu et al.,, 2012). However, these ca@twonditions still have the
ingredients from animal such as fetal bovine se(&BS) and bovine albumin that

contain in culture medium. For the clinical potahtin cell replacement therapy,
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differentiated cells from hESCs will be cultured xeno-free systems (Kibschull,
Mileikovsky, Michael, Lye and Nagy, 2011; MallonamR, Chen, Hamilton and
McKay, 2006). InterestinglyChen et al. (2012) reported the suspension culture
system under defined and serum-free conditionsigesva powerful approach for
scale-up expansion of hESCs. It was demonstrattdctil banks of several hESCs
lines are generated from this system under cuGmud Manufacturing Procedures

(cGMP) or cGMP-equivalent conditions.
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Figure 2.6 Derivation of hESCs. (a) Day 8 (IVF = day 0) hatahiblastocyst
derived aftein vitro fertilization. (b) ICM isolated by immunosurgery o
mechanical isolation and attached to the mouseefeedlls (MEF).
(c) Thirteen-day-old primary hESCs colony grown MiEF. Note the
presence of cells with typical hESCs like morphgldwhite arrow).
(d) Undifferentiated hES-NCL1 colony grown on humdeeder.
(e) Spontaneous differentiation of hES-NCL1 cells ithw
neuronal-precursors morphology. Induced differdiaiia of pluripotent
hES cells could be achieved after addition of dpecfactor(s).
Scale bars, 200 mm (a, c, d, e); 100 mm (b) (Adhjftem Stojkovic,

Lako, Strachan and Murdoch, 2004).
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2.3.1.2 Characterization of hESCs

The hESCs lines form flat and compact colonié istinct
cell borders which have a high ratio of nucleuscytoplasm and have prominent
nucleoli. The hESCs exhibit high levels of telonseraactivity and show normal
karyotype (number and type of component chromospraéier prolonged culture
with multiple passages. They are survived and famaliedin vitro indefinitely under
well-defined tissue culture conditions. Most of tbells can be subcultured after
freezing, thawing, and replatinghe cells can be differentiated into a varietycefi
types bothin vitro and in vivo conditions. The hESCs lines are expressed the
stage-specific antigens (SSEA-3 and SSEA-4), tlyeogloteins tumor recognition
antigen (TRA-1-60, TRA-1-81 and TRA-2-54), germldeimor marker (GCTM-2),
trophoblast giant (TG343 and 30), cluster of ddfaration (CD9 and 133),
Octamer-4  (Oct4), Nanog, SRY-box containing gene PSox2),
teratocarcinoma-derived growth factor 1 (Tdgfl)t-teght determination factor 2
(LeftyA), RNA exonuclease 1 (Rex-1), Stellar, DadNanos 1, pumilio gene
(Pum 1 and?2), growth differentiation factor-3 (Gdf3), thymuslcantigen 1 (Thy-1)
and alkaline phosphatase (Raikwar, Mueller and Zawa, 2006; Stojkovic, Lako,
Strachan and Murdoch, 2004). Markers that are comtaccharacterize hESCs are
following: SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, Octhd alkaline phosphatase.
Nevertheless, there are differences between hES@®ir pluripotency or the genetic
profile under the same conditions, their poterfizail large-scale culture and growth
under feeder-free protocols, or their ability tonfioteratoma after injection into severe
combined immunodeficiency (SCID) mice. Moreoverithcapacity to differentiate

into different cell types unden vitro conditions is variable (Raikwar, Mueller and
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Zavazava, 2006; Stojkovic, Lako, Strachan and Mcingd@004). It is important to
note that the difference in various hESCs linassesful for the scientists to choose the
appropriate hESCs line for their research.

2.3.1.3 Directed differentiation of hESCs

The hESCs represent an unlimited source of deliscell
replacement therapy because of their ability tdif@rate and differentiate into cells
of all three germ layers. Directing the differetiba of hESCs into desirable cell
types requires the efficient differentiation praitsc to derive tissue-specific
progenitor cells. In addition, the culture condigoare also optimized to control and
restrict the differentiation pathways of hESCsetéintiation. As hESCs differentiates
in vitro, the formation of embryoid bodies (EBs) represamsmportant step toward
the generation of particular cell lineages. It dddoe noted that hESCs are able to
differentiate through EBs parallels embryonic depehent due to EBs recapitulates
events during embryogenesis (Hwang, Varghese argdgff, 2008).

For the production of EBs, several methods Hseen designed
specifically by researchers to provide a sourcecells for their applications
(Figure 2.7). Methylcellulose (MC) methods haverbeeveloped to form EBs from
single ESCs. This method allows for the differetitia of hematopoietic cells and
endothelial cells. Additionally, MC culture is alsemployed in hematopoietic
colony-forming assays (Kurosawa, 2007). In contrasinging drop (HD) methods
have been widely used to differentiate a varietgdf types from ES cells. HD is a
two-step process consisting of the aggregationS€£&in drops and the maturation of
cell aggregates in suspension culture using batigrade dishes. The HD culture can

be efficiently generated a good environment fomioig EBs, in which it allows the
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aggregation of ESCs by the rounded bottom of a ingndrop. This method has the
advantage of using small media volume and it camtrob the number of ESCs
aggregated in a hanging drop. However, it is altiegaome multiple steps methods.
Moreover, it is impossible to exchange the mediomafdrop and the observations of
forming EBs in drops by direct microscopic is difflt (Kurosawa, 2007). Beside the
MC and HD culture, suspension culture in bactegralde dishes has been used for
liquid suspension culture of ESCs to induce EB fation. By this method, the
resulting EBs tends to be heterogeneous in sizeslaaple because their self-organized
aggregation in culture. The heterogeneity of EBacstires may influence cell fate
differentiation (Kurosawa, 2007). Therefore, itnecessary to develop methods that
can be used to form EBs homogenously and can dother differentiation
(Karp et al., 2007).

The use of EBs to produce a variety of desirell types
represents an exciting approach for therapeutitiGgtions. Several researchers have
developed the protocols for deriving functionall agbes from hESCs. Importantly,
the culture conditions have been designed to oldamumber of cell types by an
understanding of developmental biology. In ordemtwnic cell development, it is
necessary to optimize various cytokines and grofattors that would control the

differentiation towards specific cell lineages (HwaVarghese and Elisseeff, 2008).
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Methods for inducing EBs formatioi) single cells are grown as EBs in
a methylcellulose semisolid medium (MCM). Nucleatedythroid,
erythroid and myeloid cells, neutrophils, mast<@hd megakaryocytes
and endothelial cells are developed from EBs cettuin MCM.
(I Drops containing 400-1000 ES cells are platedthe lids of Petri
dishes. After 2 days of incubation, EBs are haeesind subsequently
cultivated in suspension. Lymphoid progenitors, deanyocytes,
skeletal and vascular smooth muscle cells, adipscformed in EBs.
(I) ES cells are grown in nonadhesive tissueweltplates in standard
cell culture medium. Erythroid and endothelial selheuronal and glial

cells developed in suspension EBs. (Adapted frorebBilets, Ziegler,

Groscurth and Gassmann, 2000).
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2.3.1.4 Differentiation of hESCs into insulin-producing cels

For diabetic therapies, T1D is mostly studied. Manientists
have focused on inducing islet neogenesis from staths in vitro. The cell
replacement for islet destruction states would beilable in unlimited supply.
Consequently, embryonic stem cells are possiblyded to differentiate efficiently
into insulin-producing cells and release insulirp@priately in response to glucose
(Beattie and Hayek, 2004; Jones, Burns and Per2a0d,).

Many scientists have established techniques\doge hESCs
differentiation into insulin-producing cells. Fanstance, Assady et al. (2001) have
used hESCs in both adherent and suspension culamgsobserved spontaneous
in vitro differentiation that included the generation oflavith characteristics of
insulin-producingp-cells. The H9 line of hESCs was used. These agitsv as
homogeneous and undifferentiated colonies when #reypropagated on a feeder
layer of MEFs. Accordingly, spontaneous vitro differentiation of hESCs is
investigated after removal of cells from the MEfder layer using two different
model systems. Cells grew under adherent conditiorisssue culture plates, in the
absence of MEFs, display a pleiotropic pattern withmerous morphologies.
In contrast,in vitro differentiation in suspension culture results imare consistent
pattern, with the formation of discrete embryoidlies (EBs). Organization of EBs
starts as early as day 3 after removal from MEFs teansfer to suspension culture.
More complex structures occur with progressive daysuspension culture such as
epithelial- or epithelial-like cells lining hollowtructure or cysts. Until day 19 after
EBs development, occasional cells expressing insare evident as early as 14 days

of differentiation, with a progressive increase mumber through day 19.
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Immunohistochemistry analysis using anti-insulititzody, 60-70% of EBs is stained

positively for insulin, and 1-3% of cells are posiy stained at maximum density.

Insulin release is measured by enzyme immunoassayndifferentiated hESCs,

differentiated hESCs, and MEF cells. The level mdulin release is significantly

greater from 20- to 22-day of EBs (60-70 EBs peshyi as compared with

undifferentiated hESCs. The expressions of ofheell-related genes using RT-PCR
analysis of undifferentiated and differentiated KESare examined. Insulin MRNA,

islet glucokinase (GK) and glucose transporter-24G2) genes are identified in

differentiated but not undifferentiated hESCs. Tdlacose transporter-1 (GLUT1)

isotype, a constitutive glucose transporter, iselyicexpressed in all forms of hESCs.
In addition, expression of Oct4 mMRNA, a markerha pluripotent stage is detected in
undifferentiated hESCs but decreases progressiviilying the subsequent

differentiation. On the other hand, the differethhESCs express insulin promoter
factor-1/pancreatic duodenal homeobox factor-1 IIPBX1) and neurogenin 3

(Ngn3) transcription factors. These 2 proteins hlagen shown to contribute to the
regulation of pancreatic and endocrine cell diffitigion.

It has been described that islet like clustdesive hESCs
differentiation can be achieved in multi-step paaes; (i) formation of EBs (stage
1); (ii) selective differentiation of cell populats expressing nestin using fetal calf
serum depletion and culture with ITSF (stage 2);froliferation and maintenance of
precursor cells (stage 3); and (iv) the differdidia induction and maintenance of
insulin-positive cells (stage 4). The resultaniscale positive for dithizone (DTZ), a
zinc-chelating agent known to selectively stain goaatic B-cells and are

immunoreactive for antibodies against insulin, glyans, and C-peptide. Insulin and
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other pancreati@-cell related genes such as glucagon, somatost&tiR6.2 and
SUR1, IAPP, Isl1, PC1/3, PC2, GK, Nkx6.1, GLUT2 dnaix4 are expressed in the
differentiating cells. The results indicate thatfetentiated cells can express genes
involved in the p-cell differentiation pathway (Baharvand, Jafaryasdumi and
Ashtiani, 2006b). Furthermore, insulin-producindetdike clusters (ILCs) are
generated from hESCs according to the method deedlby Jiang et al (2007). The
hESC lines are cultured under feeder-free conditeamd direct differentiation toward
ILCs by using a multi-step, serum-free protocoleT36-day differentiation protocol
consists of four stages which included definitivedederm induction (stage 1),
pancreatic endoderm formation (stage 2), endodnidection (stage 3) and islet-like
clusters maturation (stage 4). The hESCs genegdieitd/e endoderm coexpressing
CXCR4 and Sox17, and CXCR4 and Foxa2 when treatddsedium butyrate and
activin A. The Pdx1-expressing pancreatic endoderthen induced by the addition
of bFGF, EGF, noggin and B27 supplement. Followmithdrawal of bFGF, these
cells are allowed to develop pancreatic endocrieds.cGene expression analysis
shows that pancreatic endoderm cells also staexfmess other pancreas-related
genes, such as HIxB9, Ptfla, Ngn3 and Nkx6.1. Ufother differentiation of
Pdx1-positive cell clusters to day 36, immunocymulcal staining data
demonstrated that the C-peptide-, glucagon- andagustatin-positive cells were
predominantly localized in the small bud-like ckrst as well as in some of the
smaller ILCs. When further characterized by TEMg thCs appear to have intact
granulated cells containing secretory granulesddition, the ILCs generated by this

protocol are able to secrete C-peptide in resptm20 mM glucose.
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Although several authors achieved insulin comitey cells from
hESCs, the other report suggests that these cellapake insulin from the culture
medium (Rajagopal, Anderson, Kume, Martinez andtdfel2003). In this report, the
insulin positive cells did not stain with an antilyofor C-peptide, a byproduct of
de novo insulin synthesis. Moreover, electron nscopy of differentiated cells failed
to demonstrate the granule characteristif-otlls. Therefore, the convenient cultures
systems for inducing insulin-producing cells frol83Cs must be adjusted to obtain
the endogenous insulin synthesis. In addition differentiation should be performed
in xeno-free system in order to further developepttll medical application (Mallon,
Park, Chen, Hamilton and McKay, 2006). Moreovemedactors of hESCs have to
be overcome before it can be applied for therapguirposes. For examples, during
differentiation stage, the major histocompatibildgmplex (MHC) is up-regulated,
leading to the non-self proteins expression onghradt cells which may result in
immune rejection of the graft in the absence of imosuppressive therapy
(Stojkovic, Lako, Strachan and Murdoch, 2004). didition, the expression of high
level of telomerase activity can lead to teratornamftion after injection which
should be noted (Fujikawa et al., 2005). Furtheemprolonged growtin vitro may
also cause chromosomal aberrations. Therefore, lebenpharacterization of hESC
lines including their molecular status, a contirsigenetic and chromosomal analysis
is important. However, the results from many labaiias demonstrate the rapid
progress for possible treatment of diabetes bygusisulin-producing cells generated

from hESCs.
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2.3.1.5 The limitations of hESCs

The potential application of hESCs has been extehsi
studied due to their high differentiation capacitjowever, the use of hESCs to
generate functional cells raises the problems &ssaocwith technical limitations and
ethical issues. One of the technical limitation@$sociated with the use of culture
conditions using feeder layer in a serum-contaimmggdium. The use of any feeder
layer will always exhibit inherent variability, inreases the work load and limits the
large-scale culture of hESCs. Hence, developingeddr-free culture system as well
as eliminating xenogeneic products for culturingSKRES will be valuable tools for
researchers (Mallon, Park, Chen, Hamilton and M¢R&W6). The issue of difficulty
to maintain hESCs in culture is also highlightedtbgir spontaneous apoptosis and
differentiation. It has been reported by Qin et(2007) that p53 knockdown hESCs
reduces spontaneous differentiation and slows tHierehtiation rate. Indeed,
teratoma formation has become a critical obstameéHe therapeutic applications of
hESCs. It is generally believed that highly pudfigorogenitors or terminally
differentiated cell types derived from hESCs result prevention of teratoma
formation (Hentze et al.,, 2009). While subpopulasioof hESCs have been
characterized by the expression of distinct surfaaekers, their fates have provided a
valuable tool for generating tissue-specific reagerior cell-based therapy
(King et al., 2009). Moreover, the combined gerendfer/hESCs therapies can
generate a pure population of genetically modifaitferentiated cells with the
selection using lineage-specific markers (Strulpvieopold, O'Connor, Pergolizzi
and Crystal, 2007). Furthermore, the encapsulgbimtedure has the potential to

prevent the formation of tumors (Fong, GauthamahBongso, 2010a).
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The possible destruction of transplanted hES&g&/atives by
the patient’s immune system should also be consitibefore the transplantation of
these cells. Recent reports have shown that theumohagical properties of
hESC-derived cells are related to the immune nejegirocesses. The most important
classes of alloantigens that may cause rejectientla@ minor histocompatibility
complex (mHC) antigens and the ABO blood group gams. It has already been
shown that undifferentiated hESCs express low tew#l MHC-I molecules, while
differentiated hESCs show elevation in this expoessTherefore, it is possible that
MHC expression on differentiated hESCs leads torépection of the transplanted
cells. However, there are several options for tlevgntion of graft rejection. In these
regards, the immune-previleged sites including byan and testes have been used to
avoid immune response toward transplanted cellslittoahally, it might be possible
to create a bank of immunotyped hESCs, to genésatgenic cell lines by somatic
nuclear transfer (NT) or by parthenogenesis. Howetheese technical and ethical
issues must be overcome before applying these iceltéinical applications. Other
solutions to prevent the rejection of hESC-dericetls are the use of hematopoietic
chimerism for tolerance induction and the creatmuniversal donor cell line
(Boyd, Higashi and Wood, 2005; Drukker and Benuwgniz004).

The ethical controversies represent anotheeiasgociated the
use of fresh human embryos. There is concern atpadelines on the use of fresh
embryos as a source of new hESC lines. HowevelC#madian pluripotent stem cell
guidelines provide such donors and the public witle option of making a
well-considered and voluntary decision about theation of surplus fresh embryos

for hESC research. Importantly, they offer a mottel ethical oversight of the
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donation of fresh embryos for this research thaauvailable to oversight bodies in
other countries (Cohen et al., 2008). Furthermarduced pluripotent stem cells
(iPSCs) technology provides a solution to the ethiiebate surrounding hESCs since
it does not require both the destruction of an g¢mland the use of human oocytes
(Kastenberg and Odorico, 2008).
2.3.1.6 Encapsulation technology: A power tool for hESCs
applications

In the context of therapeutic applications, the agsclation
technology represents a powerful tool towards tmplémentation of hESCs in
clinical and industrial applications. The encapsed hESC results in high expansion
ratio and high cell recovery yields after cryopreation. This method also improves
the culture of hESC aggregates by protecting detisn hydrodynamic shear stress,
controlling aggregate size and maintaining celfipltency (Serra et al., 2011). It has
been demonstrated that hESCs encapsulated in tgmalrogels maintain the
undifferentiated state and retain their pluripoteapabilities without any enzymatic
treatment, mechanical expansion or manipulatioa feeder-freeenvironment. This
approach is well-suited for providing automatedtuné scale-up process and the
opportunity of long-term culture, feeder-free andn#abor-intensive culture of
hESCs (Siti-lsmail, Bishop, Polak and Mantalari3)&).

Alginate encapsulation systems have been shownopport the
ability of ES cells to differentiate into specifaell types. The researchers use an
alginate encapsulation process for the proliferaiaod growth of mESC aggregates,
which further supports the differentiation of insdpositive cells from mESCs

(Wwang, Adams, Buttery, Falcone and Stolnik, 2008)addition, the other group
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demonstrates 3bnodel to culture and differentiate hESCs that areapsulated in
calcium alginate microcapsules. This system promawlular interactions that are
essential for both maintaining pluripotency and feténtiation. In addition,
encapsulated hESCs are separated from feeder delli;g the process of
differentiation, which mimicsin vivo microenvironment and bypass the EBs
formation step in a controlled manner. Thus, thi3 &ulturing of hESCs using
alginate microcapsules may be useful for directedgtiation of hESCs toward
particular cell types and also has potential fomumoisolation and prevention of
teratoma formation of hESCs during transplantati@hayosumrit, Tuch and
Sidhu, 2010).

Cell encapsulation has been proposed to be atiwol for
treatment of diabetes since it potentially alloWs tell protection from host immune
system by a concept of immunoisolation. In paracuthe microcapsules of islets
provide a delicate balance of characteristics ohalg physical strength,
immunocompatibility and selective permeability thaill block large immune
components. Additionally, its membrane allow thegzae of smaller molecules such
as oxygen, glucose, water and insulin (Lee and B@@Q). In addition, encapsulated
islets in a biocompatible alginates have protethedislets against immune rejection,
which is confirmed by prolonged survival of encdpsed islet allografts up to
200 days (de Vos, Faas, Strand and Calafiore, 200&thermore, Schneider et al.
(2005) have developed a microcapsule system tloatgis adult rat and human islets
against xenogenic rejection in immunocompetent atiab mice without

immunosuppression.
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2.3.2 Mesenchymal stem cells (MSCs)
2.3.2.1 The characteristics of MSCs

Mesenchymal stem cells (MSCs) are multipotential
nonhematopoietic progenitor cells that are ingiadolated from bone marrow. It is
later found that these cells are present in alneestry type of connective tissue
(Hocking and Gibran, 2010; Pountos and Giannofl85). It has been reported that
MSCs are present in several sources including uecabitord blood (UCB), adipose
tissue, bone marrow (BM) and Wharton’s jelly of uhalal cord (Bunnell, Flaat,
Gagliardi, Patel and Ripoll, 2008; Laco, Kun, Welleamakrishna and Chan, 2009;
Lee et al., 2004b; Taghizadeh, Cetrulo and Cet204.1).

The MSCs are characterized by plastic adherecoiny
forming capacity and rapid proliferation. Theselselxhibit differentiation capacity
that can differentiate into osteogenic, adipogeamd chondrogenic lineages under
appropriate conditions (Figure 2.8) (Chen, Shamny Dong and Zhang, 2008;
Deans and Moseley, 2000; Hoogduijn et al., 2010 hlso recognized that MSCs
are positive for CD105, CD73, and CD90 expressiomd are negative for
hematopoietic cell surface markers CD34, CD45, GD1ID19 or CD78, CD14 or
CD11b expression and HLA-DR (Dominici et al., 200&)dditionally, there is
evidence demonstrating that undifferentiated MS@d MSCs differentiated into
adipose, bone and cartilage express HLA classtinbuHLA class Il. This suggests
that MSCs can be transplantable in HLA-incompatilmelividuals (Le Blanc,

Tammik, Rosendahl, Zetterberg and Ringden, 2003).
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Culture expanded
human MSCs

osteogenesis adipogenesis chondrogenesis

Figure 2.8 Human mesenchymal stem cells culture. The cells ibéxha
spindle-shaped fibroblastic morphology followingltate expansion
ex vivo (top panel). Under appropriate inducing conditjcthe cultures
will demonstrate adipogenic differentiation evidedcby fat globules,
chondrogenic differentiation as measured by stginfor type I
collagen, or osteogenesis as seen by calcium conslifDeans and

Moseley, 2000).
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2.3.2.2 The therapeutic properties of MSCs
The MSCs have provided an attractive source fosués

engineering, regenerative medicine and autoimmiseade treatment. The ability of
self-renewal and multipotency also make MSCs aecéffe tool for cell-replacement
therapy. Several recent studies indicate that M&iSsess the capacity to differentiate
into nonhematopoietic cells of multiple tissuesluding epithelial cells of the liver,
kidney, lung, skin, gastrointestinal (Gl) tract,damyocytes of heart and skeletal
muscle (Herzog, Chai and Krause, 2003). In addiseveral characteristics of MSCs
such as migration and homing potential, immunomaiduy properties and trophic
effect, could raise their clinical applicationsviarious disorders. Moreover, the ability
to secrete bioactive molecules such as growth fectytokines and chemokines has
been shown to mediate paracrine mechanisms of ME€Eiselles Lda, Fontes, Covas
and Caplan, 2009). The trophic effects of MSCs dmginct from the direct
differentiation of MSCs into repair tissue. The MS@ccomplish this function by
secreting a variety of cytokines and growth facttrat have both paracrine and
autocrine activities. It is proposed that MSCs sypoactive factors that suppress
the local immune system, inhibit fibrosis (scarnfiation) and apoptosis, enhance
angiogenesis, and stimulate mitosis and differéotieof tissue-intrinsic reparative or
stem cells (Caplan and Dennis, 2006). Moreoverdtta indicate that the presence of
immunomodulatory properties may play specific rol@s immunomodulators in
maintenance of peripheral tolerance, transplantaiderance, autoimmunity, tumor
evasion, as well as fetal-maternal tolerance (Nautd Fibbe, 2007). It is also
important to recognize that MSCs possess remarkafrteinosuppressive properties

and can inhibit the proliferation and function betmajor immune cell populations.
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This effect may be attributed to the interactiorirma wide range of immune cells,
which is evidenced by tha vivo andin vitro immunomodulatory properties of MSCs
(Shi, Liu and Wang, 2011). MSCs could also contebm the repair of focal tissue
injury due to their ability to secrete bioactivetiars that serve to limit the extent of
tissue damage at the injured sites and to re-ésttalblood supply. Indeed, the
mechanisms involved in MSC homing to injured sii@owed by exertion of local
trophic and immunomodatory effects could be the tmogportant functions of
systemically delivered MSCs (da Silva Meirelles, plaa and Nardi, 2008).
Furthermore, MSCs represent an easily harvestedeapdnded cell type without
complications, thus providing an efficient cell soes for transplantation (Bieback,
Schallmoser, Kluter and Strunk, 2008). When congbavgh embryonic stem cells,
MSCs are relatively free of ethical issues, immuegction and tumor formation
(Kim, Jeon, Yang, Oh and Chang, 2010). Therefdreseé MSC characteristics exhibit
the potential for use in cell-based therapy.
2.3.2.3 Treatment of diabetes mellitus by MSCs

It has been an increasing interest in therapetfects of MSCs
for diabetes mellitus treatment. Lee et al. (20@pprted that intracardiac infusion of
human bone marrow cells (hMSCs) into diabetic N€Id/ mice engrafted
immediately after systemic infusion into the migepbably in response to specific
signals from the injured tissues. The results iawhd that the infused hMSCs
improved the hyperglycemia and increased mousdimiyels in the diabetic mice.
There was an increase in pancreatic isletspacells producing mouse insulin in the
hMSC-treated mice. Therefore, the effects of theSkd treatment could represent

the selective homing of hMSCs and the ability & tells to repair the tissues.
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Additional study has noted that vitro transdifferentiation of
human umbilical cord blood-derived mesenchymal sits (UCB-MSCs) into
insulin-producing cells could provide an abundamurse of cells for islet
transplantation. This finding demonstrates that &wwmUCB-MSCs-derived
insulin-secreting cells express pancreticell markers including insulin, glucagon,
GLUT2, Pdx1, Pax4 and Ngn3. These induced cellddceynthesize and secrete
functional islet proteins such as insulin, glucagamd C-peptide. However, the
induced cells represent immature islet-like celbecause those cells are not
responsive to glucose challenge very well (Gaolet2808). Recently, Xie et al.
(2009) have studied the capacity of human bone amamesenchymal stem cells
(human BM-MSCs) to generate insulin-producing cells that effort, human
BM-MSCs were induced to transdifferentiate into uiivs-producing cells both
phenotypically and functionally. These differergidtcells expressed multiple genes
related to the development or function of panceegtcells includingNkx6.1, 111,
BETA2/NeuroD, Glut2, Pax6, Nestin, Pdx1, Ngn3, insulin and glucagon.
Immunofluorescence analysis indicated that thedls o®-expression insulin and
C-peptide. These insulin-producing cells could stcinsulin in a glucose-dependent
mannerin vitro and could ameliorate the diabetic conditions akmbzotocin
(ST2)-treated nude mice.

2.3.2.4 Wharton's jelly derived mesenchymal stem cells

(WJ-MSCs)

This context focuses specifically on the properi#sMSCs
that have been harvested from Wharton’s jelly. Wigarton’s Jelly that is contained

within the human umbilical cord is typically disded as medical waste post-delivery.
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Wharton's jelly stem cells are isolated in a nowaisive procedure that is safe for
both mother and newborn. The stem cells in Whastgelly exhibit MSC properties
which possess plastic culture ware adherence,fgpsaiface antigen expression and
multipotent differentiation potential (Taghizade€letrulo and Cetrulo, 2011). On the
basis of MSC properties, these stem cells arelalswn as Wharton'’s jelly derived
mesenchymal stem cells (WJ-MSCs) (Peng et al., 2Qaterestingly, these cells
exhibit specific markers consistent with ESCs, udahg hESC markers (Tra-1-60,
Tra-1-81, SSEA-1, SSEA-4 and alkaline phosphatgdajjpotency markers (Oct4,
Sox2 and nanog) and form ERBsvitro. However, WJ-MSCs show low expression
levels of pluripotency markers compared to hESCagfilzadech, Cetrulo and
Cetrulo, 2011).

The MSCs derived from the Wharton's jelly aresidered as a
potential alternative to human umbilical cord blqaCB)-derived MSCs. Fong et al.
(2010b) reported that human Wharton’s jelly wasca source of MSC compared
with human UCB. In this study, the results showsat human WJ-MSCs could offer
an invaluable source for regenerative purposesausec of the high derivation
efficiency, availability of large numbers of freshive cells, high expansion
capabilities, prolonged maintenance of stem cebperties and differentiation
potential over UCB-derived MSCs. Moreover, the otlgeoup demonstrates that
different tissue derived MSCs could utilize uniquenechanisms of
immune-modulation. They have thus evaluated theumarproperties of MSCs from
bone marrow and Wharton’s jelly when primed witHiammatory stimuli, IFN and
TNFa. The results indicated that expression levels ofown MSCs

immune-modulatory molecules such as IDO, Hgf andK€@enerated PGE2 differed
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in culture supernatants of both the MSCs. Theswifaavere differently modulated
by inflammatory stimuli. It is temping to suggebat inflammation can fine tune the
immune properties of various tissue derived MSGsirtitly. Therefore, the effect of
predominant inflammatory cytokines at the siterahsplantation is considered to be
important in modulating the immunogenicity and immamodulatory behavior of

different MSCs (Prasanna, Gopalakrishnan, Shamk@iasandan, 2010).

2.4 Herbal medicine

Scientists remain interested in natural productduding plants, animals and
minerals that can be used for the treatment of Inum@eases. In developing
countries, the applications of natural productsédplace or reduce the toxicity and
side effects of synthetic drugs have been develspgdficantly. (Verma and Singh,
2008). The use of natural products can represergcanomic and safe alternative
approach to treat infectious diseases (Rojas, QcBeampo and Munoz, 2006).
Indeed, a number of modern pharmaceutical drugs kf@eir origin from herbs that
are used in traditional medicine (Muthu, AyyanaajdRand Ignacimuthu, 2006). The
World Health Organization (WHO) estimates that agpnately 80% of the global
population uses herbal medicine for their primaggalthcare. As a consequence, the
herbal market is around US$ 60 billion with an angrowth rate of 7%
(Wakdikar, 2004).

In fact, substances derived from plants or plarved synthetic analogs offer
one quarter of all prescription medications. Tradi&l knowledge and experiences
have had an influence on modern allopathic medidtrie likely that many important

new remedies will be discovered and commercialindatie future. Accordingly, there
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are many herbal remedies that have the power teepteand treat a variety of
diseases. The mixtures of different chemical comgsuthat are found in herbal
plants exhibit various effects on the human boday. &xamples, bitter substances can
stimulate digestion but anti-inflammatory compoun@siuce swellings and pain
rather than reveal the effect on digestive systeéhenolic compounds may act as an
antioxidant and venotonics while antibacterial amdifungal tannins act as natural
antibiotics. Diuretic substances can enhance timeirgtion of waste products and
toxins. In addition, alkaloids have been found mthvance mood and give a sense of
well-being (Gurib-Fakim, 2006).

In Thailand, many herbs have been used in medjgglications since ancient
time to present time. There is a great amount difliphing data regarding Thai
herbs’ properties in medicine. Many herbs have Isagentifically evaluated for their
medicinal values. For instances, root extractér@nas comosus and Carica papaya
exhibited diuretic activities (Sripanidkulchai, Wgpanich, Laupattarakasem,
Suwansaksri and Jirakulsomchok, 2001). The extod¥loringa oleifera showed
therapeutic efficacy for HSV-1 infection (Lipipu003). Aeginetia indica Roxbert
extracts enhanced T cell-mediated immune respof®attachoat, Chitsomboon,
Peachee, Guo and White, 2004). The extract f@amna indica rhizomes displayed
HIV type 1 reverse transcriptase inhibitory activit (Woradulayapinij,
Soonthornchareonnon and Wiwat, 2005). TWeacuna collettii extracts manifested
antimutagenic potential (Cherdshewasart, Sutjit,Iclaroen, Panriansaen and
Chulasiri, 2008) Garcinia cowa leaf extracts exhibited antibacterial activity mga

gastrointestinal pathogenic bacteria (SakunpakPardchayupakaranant, 2012).
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2.4.1 Herbal medicine for diabetes

The diabetic treatments using oral hypoglycemicnéggeand insulin
therapy demonstrate promising results. Howeveiseghesatments are considered to
cause side effects in some individuals (LorenZzaticco, Miglietta, Lamberti and
Bruno, 2010; Kuroe et al., 2007). Thus, there isr@neased requirement of low side
effect agents that can improve safety of diabetestrhent. The herbal plants have
been good candidates for commonly used againsetiabSeveral herbs have been
evaluated for their antidiabetic activities. Thelbgical actions of herbal products are
related to their chemical compositions that aredute treat diabetes. It has been
reported that the key compounds for diabetic impnognt are phenolics, flavonoids,
terpenoids, coumarins and other constituents whklobw blood glucose reduction
(Rao, Sreenivasulu, Chengaiah, Reddy and Chetty1l0)20More important
antidiabetic potential of herbal plants and thestivee principles are given in the
Table 2.3.

In Thailand, several herbal medicines have beecumented in
Thai/Lanna Medicinal Plants/Recipe Database “MAN@BRI” as antidiabetes
including Anogeissus acuminata, Rauwolfia serpentina, Catunaregam tormentosa,
Dioecrescis erythroclada and Mimosa pudica (Manosroi, Moses, Manosroi and
Manosroi, 2011). Moreover, a recent systematic emevi suggested that
supplementation with Ipomoea batatas, Slybum marianum and Trigonella
foenum-graecum may improve glycemic control in T2D patients (Sukdmon,
Poolsup, Boonkaew and Suthisisang, 2011). Thusetfiadings indicate that herbs

may offer an alternative approach for preventind &eating diabetes.



Table 2.3 Important antidiabetic potential of herbal plaatsl their active principles (Rao, Sreenivasulu,r@aé&éah, Reddy and Chetty,

2010).
Botanical name Family Parts used Main active comporents
Allium sativum Alliaceae Bulbs Allyl propyl disulphide, allicin
Annona sguamosa Annonaceae Fruits Liriodenine, moupinamide
Areca catechu Arecaceae Seed Arecaine and arecoline
Artemisia pallens Asteraceae Leaves and flowers Germacranolide
Azadirachta indica Meliaceae Leaves, flowers and seed Azadirachtimambin
Bauhinia forcata Leguminosae Leaf Astragalin, kaempferitrin
Beta vulgaris Amaranthaceae Root Phenolics, betacyanins
Boerhavia diffusa Nyctaginaceae Whole plant Punarnavine and uraolit
Camellia sinensis Theaceae Leaves Caffeine and catechins

29



Table 2.3 (Continued).

Botanical name Family Parts used Main active comporents
Capparis decidua Capparidaceae Fruit Spermidine Isocodonocarpine
Combretum micranthum Combretaceae Leaves Polyphenols

Elephantopus scaber Asteraceae Whole plant Terpenoid and 2,6,23 dlige
Ficus bengalensis Linn Moraceae Bark Leucodelphinidin and leucopelargonin
Gymnema sylvestre Asclepiadaceae Leaf Dihydroxy gymnemic triacetate
Gynandropsis gynandra Capparidaceae Root N,N-diethyltoluamide

Lantana camara Verbenaceae Leaves Lantanoside, lantanone
Liriope spicata Liliaceae Root Beta-sitosterol, stigmasterol
Momordica charantia Cucurbitaceae Leaves Charantin, sterol

Ocimum sanctum Labiatae Whole plant Eugenol

Panax quinquefolius Araliaceae Root Ginsenosides, protopanaxadiol

€9



Table 2.3 (Continued).

Botanical name Family Parts used Main active comporents
Parinari excelsa Chrysobalanaceae Bark Myricetin, quercertin
Phyllanthus amarus Phyllanthaceae Whole plant Phyllanthin

Prunus amygdalus Rosaceae Seeds Amygdalin

Pterocar pus marsupium Leguminosae Whole plant Kenotannic acid, pyrodatec
Punica granatum Lythraceae Fruit Punicalagin, punicalin

Ricinus communis Euphorbiaceae Root Ricinolic acid

Salacia oblonga wall Celastraceae Root bark Salacinol

Sarcopoterium spinosum Rosaceae Root Catechin and epicatechin
Smallanthus sonchifolius Asteraceae Leaves Sonchifolin, uvedadimhydrin, uctuanin
Swertia punicea Gentianaceae Whole plant Methyl swertianin antidiiglin
Tinospora cordifolia Menispermaceae Root Tinosporone, tinosporic acid

79



Table 2.3 (Continued).

Botanical name Family Parts used Main active comporents

Trigonella foenum- Fabaceae Leaves and seeds 4-hydroxy isoleucine
graecum

Vernonia anthelmintica Asteraceae Seed Epoxy acid or vernolic acid

Withania somnifera Solanaceae Cuscohygrine and Somniferine,withanamde

withasomnine

cuscohygrine

g9
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2.4.2 Gynura procumbens
Gynura procumbens (family Compositae, common name paetumpung) is
widely distributed in South East Asian countriests@as Indonesia, Malaysia and
Thailand. Its classification is as the following:
Kingdom Plantae
Division  Magnoliophyta
Class Magnoliopsida
Order Asterales
Family  Asteraceae
Genus Gynura
Species Gynura procumbens (Lour.) Merr.
Source: http://www.homolaicus.com/scienza/erbatilitilbotanica_sistematica/

hypertext/0791.html.

Figure 2.9 Gynura procumbens (Lour.) Merr., paetumpung.



67

Gynura procumbens (Lour.) Merr., has traditionally been used for the
treatment of eruptive fevers, rash, kidney diseasagraine, constipation,
hypertension, diabetes mellitus and cancer. Seveegbrts documented that
G. procumbens has hypoglycemic activity (Hassan, Yam, Ahmad doudof, 2010;
Zhang and Tan, 2000), anti-inflammatory (Iskandesong, Coupar and
Jiratchariyakul, 2002), anti-hypertensive (Hoe, ,L&pok, Kamaruddin and Lam,
2011; Kim, Lee, Wiryowidagdo and Kim, 2006), ankterogenic (Mahmood et al.,
2010), wound healing activity (Zahra et al., 20Idntioxidant and antitumor (Maw,
Mon and Oo, 2011). A previous research has repdhatiphenolics and flavonoids
are the major antioxidant components identifiedGnprocumbens leaf (Mustafa,
Abdul Hamed, Mohamed and Abu Bak26009). Phenolic compounds exert multiple
biological effects including antioxidant activityantitumor, antimutagenic and
antibacterial properties (Shui and Leong, 2002)diAdnally, the flavonoids exhibit
potential for antiviral, anti-allergic, antiplatéleanti-inflammatory and antitumor
activities (Buhler and Miranda, 2000Yloreover, another study has suggested that
steroids might be one class of anti-inflammatorgnpounds in this plant (Iskander,
Song, Coupar and Jiratchariyakul, 2002).

In the hypoglycemic activity aspect, the studys hehown that an
ethanolic extract ofc. procumbens leaves (150 mg/kg) significantly lower serum
glucose, cholesterol and triglyceride levels inbéii rats. It has been demonstrated
that the hypoglycemic effect ob. procumbens may be due to a biguanide-like
activity, similar to metformin (a biguanide derivest) that can ameliorate
abnormalities in lipid levels (Zhan and Tan, 200®)rthermore, the water extract of

G. procumbens leaves (1000 mg/kg) showed a significant decr@as#ood glucose



68

levels and improved outcome of the intraperitorgtatose tolerance test (IPGTT) in
diabetic rats. It was observed that theprocumbens water extract actively enhanced
insulin-stimulated glucose transport across the brame of skeletal muscle, similar
to metformin in the absence of insulin (Hassan, YAlmmad and Yusof, 2010). It is
therefore possible thaG. procumbens may provide a useful source of new
hypoglycemic agent to treat diabetic patients.

2.4.3 Efficacy and safety of herbal products

Despite the widespread interest, herbs that |dokoshedical verification
of efficacy or safety should be of concern. Theeade reactions of herbal products
are caused by adulteration, inappropriate formutatir lack of understanding of herb
and drug interaction (Elvin-Lewis, 2001). The infation about the effects of herbal
remedies must provide safety, efficacy and reliabliernatives to conventional
medicine. There have been reports of the adverskcaleconsequences from herbal
plant products. Numerous herbal products are amsuCiwith multisystem organs
failure such as cardiovascular, pulmonary, renegr] hematological and endocrine
system (Tovar and Petzel, 2009). By analyzing thteadnesberg forensic database,
the cause of death may be due to a traditional dgrméth an unknown substance
(Stewart, Moar, Steenkamp and Kokot, 1999).

In order to minimize adverse side effects, ithighly important to
develop methods that ensure the quality and sabétynerbal products. Thus,
standardization and quality control for these paislare essential to be measured for
consumer safety. In addition, assessments of mnakah as taxonomic, chemical,
genomic and proteomic referring the identificataarthentication of herbal product

components also need to be investigated. The defimarkers are also helpful for
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identification of the adulterants, differentiatiai herbal medicines with different
sources, stability testing of proprietary produétewever, marker-based analysis has
limitations as the markers are not single compowtsa combination of methods is
necessary for herbal component detection. Besiddsahmarker analysis, the safety
and efficacy of herbal products are establisheduin their long historical use.
Furthermore, the quality control of herbal medisineas a direct impact on their
safety and efficacy. There are many parameters asigtientification, water content,
chemical assay of active ingredients, inorganicurigs (toxic metals), microbial
limits, mycotoxins, pesticides and others, shoulsd de certified for herbal products
(Sahoo, Manchikanti and Dey, 2010).

Although there is an increase in the market afbdle products, the
regulation of the quality assurance of both prextérs and product-related treatment
for medicinal uses need to be well establisheds Ténquires a new category of cGMP
license, meet standards of safety and quality rements and local government
health department regulation (Chan, 2003). Furtbegmthe international regulatory
requirements on specifications, standardization @asdsification of herbal products
need to be met in order to ensure uniformity ofligpasafety and efficacy of the

same herbal medicines across the countries.



CHAPTER Il

MATERIALS AND METHODS

3.1 Human embryonic stem cells (hESCs)

3.1.1 Culture of hESCs
The hESCs line H9 was purchased from Wicell Re$ednstitute,
Madison, USA. The cells were maintained in the tiatentiated state by culturing on
the layer of mitomycin-C treated human foreskinrditdast (HFF-1) feeder.
Undifferentiated hESCs were grown in hESC mediumtaioing 79% knockout
Dulbecco’s modified Eagle’s medium (KO-DMEM; Inwien), 20% knockout
serum replacement (KO-SR; Invitrogen), 1% non-e&semmino acid (Sigma),
1 mM L-glutamine (Sigma), 0.1 mMp-mercaptoethanol (Invitrogen) and
5 ng/ml basic fibroblast growth factor (bFGF; Papah) at 37C, 5% Q, 4.5% CQ
and 95% humidity. The cells were mechanically pgedavery 5-7 days.
3.1.2 Invitro differentiation of insulin-producing cells
For the differentiation of insulin-producing cells)differentiated hESC
colonies were produced to generate embryoid bodi&s) using the hanging drop
method and were cultured in hRESC medium without BHEBs were then cultured in
6-well plate for 14 days in stage 1 medium maingmposed of KO-DMEM
containing 2% B27 (Invitrogen), 2 ng/ml bFGF and 2§/ml EGF (Peprotech)
(Stage 1) Then, the differentiated cells were cultured utturing medium as stage 1

in the absence of bFGF for 7 da{&tage 2) At day 29, the cells were cultured in a
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maturation medium mainly composed of KO-DMEM, 10 nmidotinamide (Sigma)
and 50 ng/ml IGF Il (Peprotech) to generate insphoducing cells for 18 days
(Stage 3) Differentiated cells were incubated at°G7 5% Q, 4.5% CQ and
95% humidity.

To verify whether differentiated cells are insdfiroducing cells,
differentiated cells were subjected to charactdoramethods including protein
expression by immunofluorescence assay, gene expnedy real-time PCR,
dithizone staining and insulin secretion assay.

3.1.3 Immunofluorescence assay

For immunofluorescence staining, cells were fixed ithw
4% paraformaldehyde in PBS and blocked with 3% meand 0.2% triton X-100 in
PBS. The cells were then incubated overnight°& #ith primary antibody. After
washing with PBS, cells were incubated with secondmtibody for 1 h at room
temperature. The cells nuclei were counterstainga 4y6-diamidino-2-phenylindole
(DAPI) (Invitrogen) for 3 minutes at room temperatuand were mounted with
mounting media (VECTASHIELD, Vector Labs, Burlingam CA). The
immunofluorescence images were analyzed using arebcence microscope
(Olympus American Inc. Melville, NY).

The following primary antibodies and dilutions eused; mouse
anti-hNestin 1:100 (R&D Systems, MAB1259); guineg anti-insulin, 1:100 (Dako,
A0564); rabbit anti-glucagon, 1:100 (Dako, A056B)puse anti-human pro-insulin
c-peptide 1:100 (Chemicon, CBL94); mouse anti-sostatin (Santa Cruz

Biotechnology, SC-25262). Secondary antibodies wé&il@C-conjugated goat
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anti-mouse 1:100 (BD Pharmingen), FITC-conjugatethe anti-rabbit (Dako) and
Cy3-conjugated goat anti-mouse 1:100 (Jackson InonfResearch Labs).
3.1.4 Quantitative real-time PCR

Undifferentiated hESCs, EBs and differentiated estdg3 cells were
collected for RNA extraction using RT100 Total RNWAni kit (Geneaid). RNA
concentrations were measured by NanoDrop ND-10@t8g#hotometer (NanoDrop
Technologies Inc.) and 50-100 ng of this RNA wasdug a reverse transcription
(RT) reaction with a cDNA Synthesis kit (Fermenta®)e PCR mixture were carried
out by mixing cDNA with SYBR Green master mix (Apgd Biosystems), forward
and reverse primers (listed in Table 3.1). The-tiead PCR reactions were performed
using an ABI 7900HT real time PCR system (Appliad€ystems). The relative gene

expression values were calculated by normalizatitin housekeeping gene GAPDH.



Table 3.1

Primer sequences and PCR conditions used in #h¢ime PCR.

Gene Primer sequence (5' ----> 3") Annealing temp(°C) Product size (bp) Reference
GAPDH F: AGC CAC ATC GCT CAG ACACC 60 302 Yao et al., 2006
R: GTA CTC AGC GGC CAG CAT CG
OCT4 F: GAGCAAAACCCGGAGGAGT 60 310 Yao et al., 2006
R: TTCTCTTTCGGGCCTGCAC
Nestin F: CAGCTGGCGCACCTCAAGATG 55 208 Shim et al., 2007
R: AGGGAAGTTGGGCTCAGGACTGG
Pdx1 F: CCC ATG GAT GAAGTCTACC 58 262 Seeberger et al., 2006
R:GTCCTCCTCCTTTTTCCAC
Hnf3p F: CCA CCA CCA ACC CCA CAA AAT G 60 294 Baharvand, Hashemi,

R: TGC AAC ACCGTCTCCCCAAAGT

Ashtiani and Farrokhi, 2006a

€L



Table 3.1 (Continued).

Gene Primer sequence (5' ----> 3") Annealing temp(°C)  Product size (bp) Reference

Ngn3 F: GGT AGA AAG GAT GAC GCC TC 58 313 Seeberger et al., 2006
R: CCG AGT TGA GGT CGT GCA T

NeuroD1 F: GCC CCA GGG TTATGA GAC TATCAC T 61 523 Khoo et al., 2005
R: CCG ACA GAG CCC AGATGTAGTTCTT

Pax6 F: CCG AGA GTAGCG ACT CCAG 64 239 Segev, Fishman, Ziskind, Shulman
R: CTT CCG GTC TGC CCG TTC and Itskovitz-Eldor, 2004

Nkx6.1 F: GTTCCT CCTCCTCCTCTTCCTC 53 381 Segev, Fishman, Ziskind, Shulman
R: AAG ATC TGC TGT CCG GAA AAA G and ltskovitz-Eldor, 2004

GLUT2 F: AGGACTTCTGTGGACCTTATGTG 55 231 Segev, Fishman, Ziskind, Shulman

R: GTTCATGTCAAAAAGCAGGG

and ltskovitz-Eldor, 2004

V.



Table 3.1 (Continued).

Gene Primer sequence (5' ----> 3") Annealing temp(°C)  Product size (bp) Reference
Insulin F: CTACCTAGTGTGCGGGGAAC 61 ~150 Yu et al., 2007
R: CACAATGCCACGCTTCTG
Somatostatin F: GTACTT CTT GGC AGA GCT GCT G 55 179 Segev, Fishman, Ziskind, Shulman
R: CAG AAG AAATTC TTG CAG CCA G and Itskovitz-Eldor, 2004
Glucagon F: CCC AAG ATTTTG TGC AGT GGT T 60 221 Seeberger et al., 2006

R: GCG GCC AAG TTC TTC AAC AAT

VA
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3.1.5 Dithizone (DTZ) staining

A DTZ (Sigma) stock solution was prepared by diggsoh 50 mg of
DTZ in 5 ml of dimethylsulfoxide (DMSO) and storbdefly at -15°C. DTZ staining
was performed by adding 20 ul of the stock solutmd ml of culture medium. The
cells were then incubated at°7for 15 minutes. After rinsing with Hank’s baladce
salt solution (HBSS), the stained cells were arelylay a phase contrast microscope.

3.1.6 Measurement of insulin secretion of differemited cells

The differentiated cells were rinsed twice in Krétiager bicarbonate
HEPES (KRBH) buffer. The cells were then incubaitedKRBH buffer containing
5, 20 or 50 mM glucose at 3Z for 1 h, respectively. Supernatant were colleéted
insulin secretion measurement. Insulin levels weatetermined by insulin
enzyme-linked immunosorbent assay (ELISA) kit (Dako

3.1.7 Alginate encapsulation of human embryonic ste cell-derived
insulin-producing cells (hES-DIPCs)

Insulin-producing cells were suspended in a 1.58thate solution at a
concentration of 40,000 cells/ml and extruded tléalginate mixture from a plastic
syringe into a 200 ml bath of Ca(100 mM), containing 145 mM NaCl and
10 mM MOPS. After the alginate beads were formled,@aCJ solution was removed
and beads were washed with buffer solution. Findhe encapsulated hES-DIPCs
were then cultured overnight in complete mediur@7acC.

3.1.8 Invitro assessment of insulin secretion of encapsulated 8BDIPCs

The encapsulated hES-DIPCs were cultured &€3%% Q 4.5% CQ

and 95% humidity. Cell culture media samples welkected at DO, D2, D4, D6, D8,
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D10, D12 and D14 to assess the quantity of ingédoreted by the cells. Insulin levels
were determined by insulin enzyme-linked immunosattassay (ELISA) kit (Dako).
3.1.9 Diabetic treatment by hES-DIPCs transplantatn

Mice were maintained in accordance with the dinds of the
Committee on Care and Use of Laboratory Animal Reses, National Research
Council, Thailand. The experiments performed onenicaccordance with the advice
of the Institutional Animal Care and Use Committeéajranaree University of
Technology (SUT).

Eight-week old male mice weighing approximatelytd@®0 g bred were
used. The animals were maintained under contrabeaperature (23-2&) with a
12 h light and 12 h dark lighting. They were fedhna water and standard laboratory
dietad libitum throughout the experiment.

To generate diabetic mice, non diabetic mice wergtefl overnight
(12 h) prior to intraperitoneal injection of strepbtocin (STZ, 40 mg/kg body
weight). Diabetes was confirmed by the determimatiof fasting glucose
concentration on the seventh day post administraboSTZ. STZ-treated animals
were considered diabetic when the blood glucoseenad 250 mg/dl.

Diabetic mice were then divided into three groapgollows:

Group I: Diabetic control mice without cell transplantatign = 5)

Group II: Diabetic mice were subcutaneously (SC) transpthmigh

non-encapsulated hES-DIPCs. (n =5)

Group IlI: Diabetic mice were subcutaneously (SC) transpthmtih

encapsulated hES-DIPCs. (n =5)
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The encapsulated hES-DIPCs were removed fromcthigire dishes,
placed in a conical tube and washed three timels WBSS. Each animal received
1 x 1@ cells corresponding to a capsule volume of 50thd 1 ml syringe. Treated
mice did not receive any immunosuppressive drugthadccells were transplanted at
DO, D14, D28 and D42. The body weight was measusesttkly during the
experimental period.

3.1.10 Examination of hES-DIPCs transplantation reipients

After transplantation, mice were fasted overnigdlbod samples were
obtained from the tail bleeding. Fasting blood gke level of each mouse was then
determined in every 14 days until 70 days of expernits. The blood glucose levels
were measured by Accu-Chek Advantage Il (Roche imagic, Mannheim,
Germany). The body weight of experimental animads \wneasured before and after
transplantation. At the end of the experiment, itnee were sacrificed by cervical
dislocation. Blood samples were collected and deged at 1,500 g for 10 minutes.
The serum was used for determination of blood urné@gen (BUN), creatinine,
cholesterol, high-density lipoprotein (HDL) and kalensity lipoprotein (LDL). The
atherogenic index (Al) and HDL/cholesterol ratiorevecalculated for all samples.
Al was calculated from the ratio of (cholesterol-BIHDL.

3.1.11 Detection of inflammatory mediator of transjpanted mice

At the end of the experiments, serum [kifhflammatory cytokine was
determined by an enzyme immunoassay (Mousepll-11F2: Quantikine, R&D
systems). The cytokine contents were expressedgasl.pThe mean minimum
detectable dose (MDD) of mouse IB-vas 2.31 pg/ml. The test was performed

following the instruction of the manufacturer.
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3.1.12 Statistical analysis
Data were expressed as mean + S.E.M. for each gr8taiistical
analysis was performed using SPSS software packagaon 11.5. The intragroup
comparisons were performed by using Paired-Samplesst. The intergroup
comparisons were performed by using a one-way aisalyf variance (ANOVA)
followed by Duncan test. Differences were considete be significant when

P <0.05.

3.2 Combination of human Wharton'’s jelly derived meenchymal

stem cells(hWJ-MSCs) transplantation and GPE treatment

3.2.1 Mesenchymal stem cell culture
The hWJ-MSCs cell line, WJM-1 was generated mesly from
Dr. Wilairat Leeanansaksiri Laboratory. WJM-1 sellere cultured in Dulbecco’s
modified Eagle’s medium (Gibco-Invitrogen) contaigi 10% FBS (HyClone),
100 U/ml penicillin ~ (Sigma), 100 (@l streptomycin (Sigma) and
2 pg/ml amphotericin B (AbbottLells were cultured in 5% G@nd 5% Q at 37°C
and were passaged every 3 days under the sameeatdiadition.
3.2.2 Plant material and preparation of plant extract
Gynura procumbens leaves were obtained from Dr. Wilairat
Leeanansaksiri and the identity of this plant wasficmed by comparison with a
voucher specimen no. 82892 at the Herbarium ofRbgal Forest Department of
Thailand.
Fresh leaves of the plant were washed well thmrees by tap water and

then washed once again by distilled water. Thedsavere ground with 95% ethanol
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by an electrical grinder and then filtered throwgliilter paper. The ethanol extract
was concentrated under vacuum in a rotary evapo(&8iachi Vacuum Controller
V-800, Switzerland) (Figure 3.1) to yield a semiidanass, which was further frozen
and lyophilized by a freeze dryer system (Labcom@msus, USA) (Figure 3.2). The
dried powder was stored at <& for further use. The percentage yield for ethanol

extract was 0.9% (w/w).
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Figure 3.1 Rotary evaporator used in the extraction process.
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Figure 3.2 Lyophilization apparatus used in the freeze drnpnocess.

3.2.3 Assessment of the effects of GPE alone or hWJ-MSCs

transplantation alone or combination of treatmentsin diabetic mice

Mice were maintained in accordance with the diuds of the
Committee on Care and Use of Laboratory Animal Resss, National Research
Council, Thailand. The experiments performed onemiere conducted in accordance
with the advice of the Institutional Animal Caredat/se Committee, Suranaree
University of Technology (SUT).

Eight-week old non-diabetic male mice weighingm@aximately 25 to
35 g bred were used. The animals were maintainetrunontrolled temperature
(23-25C) with a 12 h light and 12 h dark lighting. Thegn fed with a water and

standard laboratory died libitum throughout the experiment.
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To generate diabetic mice, non-diabetic mice wesed overnight
(12 h) prior to intraperitoneal injection of strepbtocin (STZ, 40 mg/kg body
weight). Diabetes was confirmed by the determimatiof fasting glucose
concentration on the seventh day post administratib STZ. STZ-treated animals
were considered diabetic when the blood glucoseeded 250 mg/dl.

The animals were divided into four groups asofob:

Group I: Diabetic control mice were fed with distilled watéh = 5)

Group II: Diabetic mice were fed once a day with GPE (500kigngin

aqueous solution orally for 84 days. (n = 5)

Group IlI: Diabetic mice were intravenously (IV) transplantedh

hWJ-MSCs. (n =5)

Group IV: Diabetic mice were treated with the combinaticgatment

(hWJ-MSCs transplantation and GPE 500 mg/kg orfdly84 days).

(n=5)

Each animal was transplanted with 1 ¥ t@lls by means of a 1 ml
syringe. Treated mice did not receive any immunpsegsive drug and the cells were
transplanted at DO, D7, D14 and D21. The body weiggs measured weekly during
until day 84 after transplantation.

3.2.4 Measurement of fasting blood glucose level

After overnight fasted, the blood glucose was assessed dr capillary
blood sample from the tail tip of rats. Fastingdalajlucose level of each mouse was
then determined in every 14 days until 84 daysxpleement. Fasting blood glucose
level was measured by Accu-Chek Advantage Il (RoBh&gnostic, Mannheim,

Germany).
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3.2.5 Biochemical analysis
At the end of the experiment, the mice were euttexhiand the blood
samples were collected from the heart and hepaititalpvein. The serum was used
for the determination of blood urea nitrogen (BUNjreatinine, cholesterol,
triglycerides, high-density lipoprotein (HDL) anoW-density lipoprotein (LDL). The
atherogenic index (Al) and HDL/cholesterol ratiorevecalculated for all samples.
3.2.6 Detection of inflammatory mediator
At the end of experiment, serum I3-linflammatory cytokine was
determined by an enzyme immunoassay (Mousepll-11F2: Quantikine, R&D
systems). The cytokine contents were expressedgasl.pThe mean minimum
detectable dose (MDD) of mouse IB-was 2.31 pg/ml. The test was performed
following the instruction of the manufacturer.
3.2.7 In vitro study of the GPE effect on human pancreatic cellifde
(PANC-1)
A humanpancreaticcell line (PANC-1) were cultured in a mixture of
DMEM containing 10% FBS. The cells were passagdddays before the experiment
and plated in 6-well plates at a density of 8.5 cells/wells. To induce islet-like
cell aggregates (ICAs) formation, cell culture mamdi was removed, cells were
exposed to 0.05% trypsin/EDTA atZ5for 60 s (to loosen but not detach the cells).
These cells were then cultured in KO-DMEM mediumtaming 1% BSA and
insulin-transferin-selenium (GIBCO). The PANC-1Isdbrmed ICAs within the next
4 days. These ICAs stained positive for DTZ, andewben tested for their ability to
secrete insulin in response to glucose. These eal® incubated for 1 h with

different glucose concentration (5, 20 or 50 mM) tine presence of GPE
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(25 or 50ug/ml). Following incubation, the solutions in theNs were removed and
stored at -8%C for insulin measurement. The insulin secretiorelevas measured by
an insulin ELISA kit (Dako).
3.2.8 Statistical analysis

Data were expressed as mean + S.E.M. for each gr8tgiistical
analysis was performed using SPSS software packagaon 11.5. The intragroup
comparisons were performed by using Paired-Sampldésst. The intergroup
comparisons were performed by using a one-way aisalyf variance (ANOVA)
followed by Duncan test. Differences were considete be significant when

P < 0.05.

3.3 Transplantation of hWJ-MSCs

3.3.1 Transplantation of hWJ-MSCs alone into STZ-iduced diabetic rats

Rats were maintained in accordance with the gudsli of the
Committee on Care and Use of Laboratory Animal Reses, National Research
Council, Thailand. The experiments performed os ve¢re conducted in accordance
with the advice of the Institutional Animal Caredat/se Committee, Suranaree
University of Technology (SUT).

Eight-week old male Wistar rats weighing approxiety 200 to 250 g
bred were used. The animals were maintained uradgratled temperature (23-26)
with a 12 h light and 12 h dark lighting. They wdesl with a water and standard
laboratory dietad libitum throughout the experiment. Diabetes was induced by
intraperitoneal injection of streptozotocin (STA, ®ig/kg body weight) dissolved in

0.1 M citrate buffer (pH 4.5) immediately beforeeu® adult rats fasted for 12 h.
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Ten days after STZ injection, fasting blood glucageeach rat was measured to
evaluate the diabetic status. The STZ-injected watls fasting blood glucose levels
higher than 250 mg/dl were considered as diabatgcand were used in experiments.

The diabetic rats were divided into four groupgalows:

Group [: diabetic control rats without hWJ-MSCs transpléiota

(n=4)

Group II: diabetic rats were intraperitoneally (IP) transpéal with

hWJ-MSCs. (n = 4)

Group lll: diabetic rats were subcutaneously (SC) transpdamti¢h

hWJ-MSCs. (n = 4)

Group IV: diabetic rats were intravenously (V) transplantedh

hWJ-MSCs. (n = 4)

Each animal was transplanted with 1 ¥ t@lls by means of a 1 ml
syringe. Treated rats did not receive any immunpsegsive drug and the cells were
transplanted at DO, D7, D14 and D21. The body wergrs measured weekly until
day 91 after transplantation.

3.3.2 Measurement of fasting blood glucose level

The rats were fasted overnight, blood samples wellected from the
tail tip of rats. Fasting blood glucose level otleaat was then determined in every
14 days until 91 days of experiment. The fastirgpdlglucose level was measured by
Accu-Chek Advantage Il (Roche Diagnostic, Mannh&Barmany).

3.3.3 Biochemical analysis
At the end of the experiment, the rats were eutteghiand the blood

samples were collected from the heart and hepaititalpvein. The serum was used
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for the determination of blood urea nitrogen (BUBPgatinine, uric acid, cholesterol
and triglyceride.
3.3.4 Statistical analysis

Data were expressed as mean * S.E.M. for eacbpgrStatistical
analysis was performed using SPSS software packagaon 11.5. The intergroup
comparisons were performed by using a one-way aisalyf variance (ANOVA)
followed by Duncan test. The differences of fastligod glucose level and body
weight at day 0 and day 91 of treatment were aedlylay using Paired-Samples

T-test.Differences were considered to be significant wRen0.05.
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Figure 3.3 Schematic summarization of the study design.



CHAPTER IV

RESULTS

4.1 The potential capability of hES-DIPCs for diabges treatment

4.1.1 Differentiation of hESCs into insulin-producng cells (hES-DIPCs)

To promote the differentiation of hESCs into inegiroducing cells, the
procedure was performed according to a differaotiafprotocol as described in
Materials and Methods Section. Differentiation ofndiiferentiated hESCs
(Figure 4.1A) was initiated in the absence of feddgers to promote the embryoid
bodies (EBs) formation. After an induction period7odays, the EBs were found as
three dimensional ball structure as shown in FigdB. After healthy EBs were
obtained, the EBs were subjected to differentiaporcess, stage 1-3, as described in
Materials and Methods Section. The medium was sbéé every 3 days. Stage 1 of
differentiation, the EBs were attached and growto ia confluent monolayer by
8 days postdifferentiation. The cells were allow@durther mature in this cocktail for
6 days for pancreatic endoderm induction (Figul€C). The cells were then cultured
in stage 2 differentiation media for 7 days to gatespancreatic endocrine cells. The
cell morphology was illustrated as Figure 4.1D.I€&bm stage 2 were then cultured
in stage 3 differentiation medium as described mtdvials and Methods Section for
18 days to generate insulin-producing cells. Then&gions of small islet cell clusters

were obtained as demonstrated in Figures 4.1E drd 4
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Figure 4.1 Differentiation of hESCs into insulin-producing Isel Phase contrast
microscopy of hESCs colonies (A), Embryoid bodi&Bs (B) and
differentiated cells at D21 (C), D28 (E) and D46 @hd F).

Scale bars, 300 pm (A); 100 pm (B-F).
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4.1.2 Characterization of hESC-derived insulin-producing cells

(hES-DIPCs)

To assess whether the differentiation protocol usdtiis experiment is
an optimized protocol for differentiation of hES@sto insulin-producing cells.
Specific gene expressions of cells in each diffegaéon stage were determined by
real-time PCR as demonstrated in Figures 4.2 arl 4espectively. The
differentiation of the cells was examined throughiine¢ processes, including cells at
D7, D21, D28 and D46. Gene expression of transonptctor, pancreatic duodenal
homeobox 1 Rdxl), was detected mainly in induced cells (D28) anahimmal
decreased in 46 days postdifferentiation (D46). Tedls at D21 were highly
expressedlucagon and neurogenine 3@gn3) and then reduced along the progression
of differentiation stage. The expressionN#stin, Hnf34, Nkx6.1, Pax6 genes were
detected starting at D7 and increased thereaftemile8ly, upregulation of
somatostatin was increasingly observed from D21 until D46 offedentiation
process. The expression of the gene encoding nenioglifferentiation factor 1
(NeuroD1) was upregulated only at D28. In addition, therespion of insulin gene
was highly induced at later stage of differentiati®46). The glucose transporter
GLUT2 was induced between D21 and D46 with a higherllavdghe end of the
differentiation process (D46).

To confirm whether the hESCs had differentiated islet-like clusters,
protein expression analysis was carried out by imofluorescence staining
(Figures 4.4-4.6). The data indicated that expoessif C-peptide, a byproduct of
insulin production, was highly expressed in thesés¢Figure 4.6A). In this stage, the

glucagon-positive cells (Figures 4.5B and 4.6B)d asomatostatin-positive cells
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(Figure 4.5A) were also observed. However, the fadfmn of nestin-expressing cells
was detected in day 46 of differentiation (FiguréAj.

Additionally, hESC-derived insulin-like clustensere further tested
using a dithizone (DTZ) staining. DTZ, a zinc-chiglg agent, is known to selectively
stain pancreatif-cells crimson red. The cells were stained pos#wedTZ as shown
in Figure 4.7, thus confirming that insulin-produgicells were present at various
stages throughout differentiation.

To determine whether these cells can releasdinnsve examined the
insulin secretion in response to glucose by usimghb, 20 mM and 50 mM glucose.
The insulin levels in response to glucose were 25:72.41, 30.33 + 1.14 and
63.47 = 0.52 pmol/l, respectively. Significant iheusecretion was observed with

50 mM glucose as compared with 5 mM glucose (Figugg.
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Nestin/DAPI

Figure 4.4 Fluorescence microscopic imaging of immunostainiog nestin. The
cells after 46 days of differentiation were staingth antibodies against
nestin (panel A, red = Cy3), followed by appropiasecondary
antibodies conjugated to fluorochromes. Panel BDK&PI nuclear
staining (blue color). A merge of nestin and DARBges was shown in

panel C. Scale bar = 50 pm.
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Somatostatin Glucagon

Somatostatin/Glucagon/DAPI

Figure 4.5 Fluorescence microscopic imaging of immunostairfimgsomatostatin
and glucagonThe cells after 46 days of differentiation werarstd with
antibodies against somatostatin (panel A, red =)Cy3d glucagon
(panel B, green = FITC), followed by appropriate@edary antibodies
conjugated to fluorochromes. Panel C is DAPI nuckaining (blue
color). A merge of somatostatin, glucagon and DiRdges was shown

in panel D. Scale bar = 50 pm.
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Glucagaon

C-peptide/Glucagon/DAPI

Figure 4.6 Fluorescence microscopic imaging of immunostairforgC-peptide and
glucagon proteinsThe cells after 46 days of differentiation werdarstd
with antibodies against C-peptide (panel A, red y3)Cand glucagon
(panel B, green = FITC), followed by appropriateselary antibodies
conjugated to fluorochromes. Panel C is DAPI nuckaining (blue
color). A merge of C-peptide, glucagon and DAPI ges was shown in

panel D. Scale bar = 100 pm.
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Dithizone (DTZ) stainingThe cells after 46 days of differentiation were
identified for insulin-producing cells within theiférentiated hESC
colonies (A and B). These clusters were DTZ posit({C and D).

Scale bars, 300 pm (A); 100 um (B); 50 um (C)upa@ (D).
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Figure 4.8 Insulin secretions at various glucose concentratibifferentiated cells
(D46) were examined for their insulin-secretion qutial. The
differences of secreted insulin concentrations wdyserved in 5 mM,
20 mM and 50 mM glucose stimulations. Significanisulin
concentration was observed when incubated with B0 gtucose. The
data of experiment are expressed as the mean #MSdE.three
independent experiments.*Values deviate significantly from

corresponding 5 mM glucosP & 0.05).
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4.1.3 Alginate encapsulation of hES-DIPCs
In order to generate alginate encapsulated hES-8IP€lls were mixed
with alginate as described in Materials and Meth8dstion to form coated colony
with diameter of approximately 2,000m (Figures 4.9A and 4.9B). The ability of
encapsulated cells to release insulin into theucallmedium was examined bging
an ELISA assay. The amounts of insulin releasedanfrine encapsulated cells

increased from D4 (16.90 + 0.40 pmol/l) to D14 (B27+ 1.58 pmol/l) (Figure 4.9C).
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Figure 4.9 Encapsulated hES-DIPCs. Phase contrast microscomnaapsulated

hESC-derived insulin-producing cells (A and B).Ulns secretion was
performed by ELISA assay. Representative resultsxailin secretion
levels were retrieved from the encapsulated hESEBIRultured in
differentiation medium stage 3 on DO, D2, D4, D@, 10, D12 and
D14, respectively (C). All values are mean + S.Efbt. each group.

*Significantly different from D4R < 0.05). Scale bar = 3Qdm.
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4.1.4 Examination of body weight and fasting blood glucose levels of
diabetic mice after hES-DIPCs transplantation
Body weight and fasting blood glucose levels ofbdiec mice either
transplanted with non-encapsulated or encapsulaEtDIPCs were evaluated and
shown in Figures 4.11 and 4.12, respectively. lité@ mice were included as
controls. After non-encapsulated or encapsulate8-DEPCs were transplanted into
diabetic mice for 70 days, body weight of all mm@s not significantly changed
during the treatment, except encapsulated hES-Dif@ssplanted mice at D14
(Figure 4.11). In addition, the results demonsttateat fasting blood glucose levels
were increased significantly in the untreated grahpughout the study period.
On the other hand, fasting blood glucose levelsarfsplanted mice were maintained.
However, diabetic mice which received non-encapedl&ES-DIPCs transplantation
showed significantly lower fasting blood glucose D28 when compared with D14

posttransplantation (Figure 4.12).
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Figure 4.10 The observation of both non-encapsulated and euntzpd hES-DIPCs
in diabetic mice groups. Gross observation aftercapsulated
hES-DIPCs transplanted into the subcutaneous &ieabetic mice (A).
The appearance of diabetic mice after transplamtigd encapsulated

hES-DIPCs (B) and non-encapsulated hES-DIPCs (C).
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#Significantly different from D14F < 0.05).
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4.1.5 BUN and creatinine level of diabetic mice transplated with
hES-DIPCs
The levels of BUN and creatinine of diabetic micansplanted with
either non-encapsulated or encapsulated hES-DIRGs adetermined after 70 days of
transplantation. Untreated control group was inetbdThe levels of BUN and
creatinine of all three groups were not signifitardifferences as demonstrated in

Figures 4.13 and 4.14, respectively.

40.00 -
35.00 - '|'
fa—
= 3000 1 | 7 |
525,00 | % ODM control
Eﬂ 20.00 A~ % B DM + non-encapsulated
= 15.00 - / hES-DIPC's
Z / DM + encapsulated
E 10.00 - % hES-DIPCs

Groups

Figure 4.13 Levels of blood urea nitrogen (BUN) in diabetic migither untreated or
treated with non-encapsulated or encapsulated HPEH All values

are mean = S.E.M. for each group.
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Figure 4.14 Levels of creatinine in diabetic mice either unteglaor treated with
non-encapsulated or encapsulated hES-DIPCs. Alluegal are

mean + S.E.M. for each group.

4.1.6 Lipid profile of diabetic mice transplanted with hES-DIPCs
Blood samples of diabetic mice either untreated t@ated with
non-encapsulated or encapsulated hES-DIPCs wejecsed to lipid profile analysis.
The levels of LDL, Al and HDL/cholesterol ratio these diabetic mice were shown
in Figures 4.15-4.17, respectively. There was gaiicant difference in LDL levels
between the non-encapsulated hES-DIPCs transptamtand diabetic control mice.
However, a significant decrease in Al (Figure 4.86)d a significant increase in
HDL/cholesterol ratio (Figure 4.17) were observadnbn-encapsulated hES-DIPCs

transplanted mice when compared to the diabetitralomice.
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Transplantation of encapsulated hES-DIPCs did poaduce any
significant difference in LDL, Al and HDL/cholestdrratio in these mice when

compared to the control, as shown in Figures 4.13;4espectively.
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Figure 4.15 Levels of low-density lipoprotein (LDL) in diabetroice either untreated
or treated with non-encapsulated or encapsulat&iDIPCs. All values

are mean = S.E.M. for each group.
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Figure 4.16 Atherogenic index (Al) in diabetic mice either wdted or treated with
non-encapsulated or encapsulated hES-DIPCs. Alluegal are
mean = S.E.M. for each groupSignificantly different from the diabetic

control mice P < 0.05).
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Figure 4.17 HDL/cholesterol ratio in diabetic mice either umiied or treated with
non-encapsulated or encapsulated hES-DIPCs. Alluegal are
mean = S.E.M. for each groupSignificantly different from the diabetic

control mice P < 0.05).

4.1.7 Inflammatory evaluation of hES-DIPCs transplated diabetic mice
The IL-18 inflammatory cytokine of non-encapsulated hES-DdPd
encapsulated hES-DIPCs transplanted groups wefeaded by an ELISA assay. The
results indicated significant decrease of [.-level in non-encapsulated and
encapsulated hES-DIPCs transplanted groups compaithé diabetic control group,

as shown in Figure 4.18.
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Figure 4.18 The IL-1B inflammatory cytokine concentration in diabeticceieither
untreated or treated with non-encapsulated or eutaied hES-DIPCs.
The amounts of ILi (mean = S.E.M.) are expressed as pgfivhlues
deviate significantly from corresponding diabeticonttol mice

(P < 0.05).
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4.2 The potential capability of the combination of hWJ-MSCs

transplantation and GPE for diabetes treatment

4.2.1 Fasting blood glucose levels and body weightdiabetic mice

Fasting blood glucose levels and body weight abdtic mice treatment
by GPE alone, hWJ-MSCs transplantation alone orbtoation of both treatments
were shown in Figures 4.19 and 4.20, respectivEhe results showed that no
significance difference was observed in the fasbtapd glucose level of the group
treated with GPE alone, hWJ-MSCs transplantati@amealor combination of both
treatments for 84 days of treatment. Moreover, igoificant changes in the body
weight were found in all treatment groups, compawétl the diabetic control group.
In contrast, diabetic mice control showed signifiicencrease in fasting blood glucose

on the D84.
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4.2.2 Blood urea nitrogen (BUN) and creatinine in ébetic mice
The effects of GPE alone, hWJ-MSCs transplantatedone or
combination of both treatments on BUN and creaéinim diabetic mice were shown
in Figures 4.21 and 4.22, respectively. The treatmeith GPE, hWJ-MSCs
transplantation and combination of both treatmedid not change BUN and

creatinine levels in diabetic mice when comparetth wiabetic control mice.

5 4
7~
=4 A
E ADM control
%Ll
S BDM + GPF (300 me/ke)
v
-
220 1 BDM + hWJ-MSCs transplantation
5
@ 10 DM + hW.J-MSCs transplantation

and GPE (500 mg/kg)
0

Groups

Figure 4.21 Levels of blood urea nitrogen (BUN) in diabetic mieither untreated or
treated with GPE (500 mg/kg) or hWJ-MSCs transpithon or
combination treatment (hWJ-MSCs transplantation @R&E500 mg/kg).

All values are mean £+ S.E.M. for each group.
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Figure 4.22 Levels of creatinine in diabetic mice either untegleor treated with GPE
(500 mg/kg) or hWJ-MSCs transplantation or combamattreatment
(hWJ-MSCs transplantation and GPED0 mg/kg). All values are

mean + S.E.M. for each group.

4.2.3 Lipid profile in diabetic mice
The effects of GPE alone, hWJ-MSCs transplantatedone or
combination of both treatments on cholesterol, Iytcgride, HDL, LDL, Al and
HDL/cholesterol ratio in diabetic mice were showrFigures 4.23-4.31, respectively.
There was a significant decrease in Al (Figure ®.2@d a significant in HDL
(Figure 4.25) and HDL/cholesterol ratio (Figure 8).2n the GPE-treated diabetic
mice when compared to the diabetic control miceweler, GPE did not alter

cholesterol, triglyceride and LDL significantly. bontrast, no significant changes in
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the cholesterol, triglyceride, HDL, LDL, Al and HItholesterol ratio were present
between the control group and treated-diabetic mitle hWJ-MSCs transplantation

or combination of both treatments.
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Figure 4.23 Levels of cholesterol in diabetic mice either uatesl or treated with
GPE (500 mg/kg) or hWJ-MSCs transplantation or doatibn
treatment (hWJ-MSCs transplantation and GPE 50kghgAll values

are mean = S.E.M. for each group.
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Figure 4.24 Levels of triglyceride in diabetic mice either wdted or treated with
GPE (500 mg/kg) or hWJ-MSCs transplantation or doatibn
treatment (hWJ-MSCs transplantation and GPE 50kghgAll values

are mean = S.E.M. for each group.
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Figure 4.25 Levels of high-density lipoprotein (HDL) in diabetimice either
untreated or treated with GPE (500 mg/kg) or hwJad &ansplantation
or combination treatment (hWJ-MSCs transplantatiand GPE
500 mg/kg). All values are mean + S.E.M. for eadbug. * Significantly

different from the diabetic control micP & 0.05).
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Figure 4.26 Levels of low-density lipoprotein (LDL) in diabetioice either untreated
or treated with GPE (500 mg/kg) or hWJ-MSCs traasfation or
combination treatment (hWJ-MSCs transplantation@R& 500 mg/kg).

All values are mean £+ S.E.M. for each group.
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Figure 4.27 Atherogenic index (Al) in diabetic mice either wedted or treated with
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treatment (hWJ-MSCs transplantation and GPE 50kghgAll values
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Figure 4.28 HDL/cholesterol ratio in diabetic mice either umiied or treated with
GPE (500 mg/kg) or hWJ-MSCs transplantation or doatibn
treatment (hWJ-MSCs transplantation and GPE 50kghgAll values
are mean = S.E.M. for each groufSignificantly different from the

diabetic control miceR < 0.05).

4.2.4 Inflammatory evaluation of diabetic mice
The inflammatory activity of GPE alone, hWJ-MSCansplantation
alone or combination of both treatments in diabetice was evaluated by an ELISA
assay. Diabetic mice treated with GPE alone andbawettion of both treatments had
significantly lower IL-33 concentrations than the diabetic control micehdligh, the
effect of hWJ-MSCs transplantation on IB-vas also lower than diabetic control

mice but there was no significant statistic diffeze in this aspect (Figure 4.29).
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Figure 4.29 The IL-13 inflammatory cytokine concentration in diabetic ceni
treatment with GPE (500 mg/kg) or hWJ-MSCs transjaidon or
combination treatment (hWJ-MSCs transplantation @R&E500 mg/kg).
The amounts of ILf§ (mean + S.E.M.) are expressed as pg/ml.

*Significant different from the diabetic control rai® < 0.05).

4.2.5 Effects of GPE on insulin secretion by PANC-gells formed islet-like
cell aggregates (ICAs)
The mechanism of action of GPE on PANC-1 formedAdCwas
determined according to Materials and Methods Beciihe data indicated that GPE
at a dose of 50 pg/ml significantly increased imsttlease by PANC-1 formed ICAs

when stimulated with 5 mM, 20 mM and 50 mM glucasempared with 25ug/ml of
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GPE-treated cells as shown in Figure 4.31. The hwggies of PANC-1 formed

ICAs were illustrated in Figure 4.30.

Figure 4.30 Morphologies ofPANC-1 cells formed islet-like cell aggregates (KJA
PANC-1 cells differentiated into islet-like cell grggates (ICAs) (A).
and these ICAs were DTZ positive (B). Scale barSp um (A);

30 um (B).
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4.3 The potential capability of hWJ-MSCs transplanation alone for

diabetes treatment

4.3.1 Fasting blood glucose and body weight in diakic rats

Fasting blood glucose levels and body weight inbelie rats either
untreated or treated with hWJ-MSCs at three sitdgasplantations; intraperitoneal,
subcutaneous and intravenous, were shown in Figh@3 and 4.33, respectively.
After treatment for 56 days, the transplantatica ivitraperitoneal site had significant
decrease in the level of fasting blood glucoseampared with the diabetic control
rats. Although this group turned out to increase I#vel of fasting blood glucose at
84™ and 9% day of the experiment but no significant statistata was found. In
addition, there was no significant difference irstiag blood glucose level after
hWJ-MSCs transplantation at subcutaneous site. Mewveasting blood glucose
levels at the end of experiment were potent sigaifily reduced in intravenously
transplantation group compared to the diabetic robrgroup. The level of fasting
blood glucose in diabetic rats significantly desezhafter hWJ-MSCs transplantation
at intravenous site from the ®8&lay to the 9% day (Figure 4.32)The reduction in
blood glucose levels after treatment with hWJ-MSCstravenous site was 65.33%,
subcutaneous site was 41.84% and intraperitonéal veas 9.78% (Table 4.1A).
Intraperitoneal transplantation group showed mimmdecrease in percentage blood
glucose level with less than the diabetic controug (30.32%).

The body weight of hWJ-MSCs transplantations \faee sites
(intraperitoneal, subcutaneous and intravenous) swgsificantly greater than the
diabetic control group. Percentage increase in badyght was 29.55% for

subcutaneous transplantation, 25.81% for intraveransplantation and 24.71% for
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intraperitoneal transplantation (Table 4.1B). Mat@o there was no mortality in the

animals after being transplanted with hWJ-MSCs.
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Figure 4.32 Fasting blood glucose levels in diabetic rats eithdreated or treated with hWJ-MSCs transplantat@one. All values are
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Table 4.1 Fasting blood glucose levels (A) and body weigh} i{B diabetic rats
before and after treatment with hWJ-MSCs alone haeet sites of
transplantations. All values are mean += S.E.M. fmch group.
* Significantly different from the corresponding iaitvalues P < 0.05).

A

Fasting blood glucose levels (mg/dl)
Groups DO D91 % different
DM control 537.67 £ 62.33 374.67 £65.79 -30.32
DM + IP 557.50 + 42.50 503.00 + 57.08 -9.78
DM + SC 525.75 + 73.92 305.75 + 45.92 -41.84
DM + IV 584.75 + 15.25 202.75 + 57.49 -65*33
B
Body weight (g)

Groups DO D91 % different

DM control 210.00 +17.32 260.00 + 43.59 23.81

DM + IP 212.50 £11.09 265.00 +10.41 2471

DM + SC 220.00 = 7.07 285.00 +18.48 29.55

DM + IV 232.50 +19.74 292.50 + 24.96 25*81
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4.3.2 Blood urea nitrogen (BUN), creatinine and ug acid in diabetic rats
transplanted with hWJ-MSCs
After 91 days of hWJ-MSCs transplantation, bloodngles were
collected and subjected to BUN, creatinine and acd analysis. Untransplanted
control rats were included. The levels of theseulteswere shown in Figures
4.34-4.36, respectively. There was no significaffedence in serum BUN, creatinine
and uric acid after hWJ-MCs transplantations (jpér&oneal, subcutaneous and

intravenous) when compared with diabetic contrtd.ra
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Figure 4.34 Levels of blood urea nitrogen (BUN) in diabeticsraither untreated or
treated with hWJ-MSCs alone at three sites of plamsations. All

values are mean + S.E.M. for each group.
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Figure 4.35 Levels of creatinine in diabetic rats either untiedaor treated with
hWJ-MSCs alone at three sites of transplantatiokt. values are

mean + S.E.M. for each group.
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Figure 4.36 Levels of uric acid in diabetic rats either unteshtor treated with
hWJ-MSCs alone at three sites of transplantatiokls. values are

mean + S.E.M. for each group.
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4.3.3 Analysis of cholesterol and triglyceride leve in hWJ-MSCs
transplanted diabetic rats
The levels of cholesterol and triglyceride of cohtand experimental
groups of rats were shown in Figures 4.37 and 4r@8pectively. Treatment with
hWJ-MSCs transplantation (intraperitoneal, subcetals and intravenous) had no
effect on serum cholesterol and triglyceride levelsen compared with diabetic

control group.
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Figure 4.37 Levels of cholesterol in diabetic rats either uateel or treated with
hWJ-MSCs alone at three sites of transplantatiokls. values are

mean + S.E.M. for each group.
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Figure 4.38 Levels of triglyceride in diabetic rats either wg#ted or treated with
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mean + S.E.M. for each group.



CHAPTER V

DISCUSSION

5.1 The potential capability of hES-DIPCs for diab&es treatment

In order to derive insulin-producing cells from HESin vitro, hESCs were
induced through a stage of differentiation protodetcribed previously with some
modification (Jiang et al., 2007). The insulin-puothg cells were induced to
differentiate from hESCs in a manner that mimicfedentiation in vivo. The
differentiation stages range from starting withinigéive endoderm (DE) induction,
pancreatic endoderm formation, pancreatic endodgridaction and subsequently to
islet-like clusters (ILC) maturation.

The DE is the embryonic germ layer which can gnse to the pancreas
(Docherty, Bernardo and Vallier, 2007). In the prasstudy EBs were formed within
hanging drops.These cells expressednf3f which is a critical factor in the
endodermal cell lineage development. In f&tnf3p is a transcriptional regulator of
Pdx1, which is important in the regulation of insulirerge expression and also
required for the differentiation of the mature paas (Soria, 2001)Pdx1l is
subsequently required during mid-pancreatic devekag for cellular differentiation.
Depletion ofPdx1 gene expression demonstrated that the next dewelopphase, the
onset of acinar and islet development are blocktale( et al., 2005). Another study
reported that recombinant adenovirus containingomasiitutively active mutant of

Pdx1 efficiently induced insulin production in hepattey, resulting in reversal of
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STZ-induced hyperglycemia. However, these hepatscytere preserved hepatocytic
functions even when albumin and transferrin expoess were observed in
insulin-producing cells. Thus, it indicated thadegenoudPdx1l expression is likely
to maintain the insulin-producing cell function @diret al., 2005).

During early stage of insulin-producing cells dr#ntiation from hESCs, a
marker of pancreatic endocrine progenitor and nestean cellsNestin, was observed
in these cells (Figure 4.4). The expressiomedtin in these cells has been noted to
play a role in the development of pancreatic endeccells. The nestin-expressing
cells might represent the precursors for neogenesipancreatic endocrine cells
(Hunziker and Stein, 2000). These data also supgdy the works in mESCs and
hESCs which could generate the insulin-producinds deom nestin-positive cells
(Lumelsky et al., 2001; Mao, Chen, Bai, Song anchidy2009).

In addition, in our works, the differentiated selere found to exhibltlkx6.1, a
homeobox gene presented in differentiafgdells. Interestingly,Nkx6.1 is also
restricted top-cells and some neurons (Docherty, Bernardo antlevaR007). This
finding suggests the presence of a common progeoifitoeurons and insulin-positive
cells duringin vitro differentiation (Soria, 2001).

In the present study, the expressiorN&%6.1 was detected starting at definitive
endoderm formation stage and then increased Ungtilater stages of differentiation.
The results also revealed tiiReix1l gene expression during the DE induction. Its
expression level peaked in the pancreatic endo@iage and slightly decreased at
ILC maturation stage.

Moreover, the results demonstrated that the is##t precursor,Ngn3, was

highly expressed at 21 days of the differentiatimocess (pancreatic endoderm
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induction). The expression ®gn3 is required for the specification of a common
precursor for the four pancreatic endocrine cgtlesy (Gradwohl, Dierich, LeMeur
and Guillemot, 2000). Similarly, it has been denated that Ngn3 and
NeuroD1/BETA2 can drive the early differentiation of islet cel8chwitzgebel et al.,
2000). Ngn3 has been shown to induce the expression of BETWuioD), a
transcription factor implicated in the insulin geeepression and in islet cells
differentiation (Soria, 2001). It has been hypothed that Ngn3 is involved in
activating the expression BETA2 at an early stage of islet cell differentiation
through the E boxes in tiBETA2 promoter (Huang et al., 2000).

Our results also shown thisign3 is downregulated during the transition of the
endocrine cell precursor into complete islets, egpion ofNkx6.1 is upregulated. It
has been demonstrated that ectdgkz6.1 expression is induced iRoxa2 (Hnf35)
positive endodermal cells that express exogerasl (Pedersen et al., 2005).
Moreover, recent report has shown that synergestmression ofNeuroD1 andPdx1l
might be crucial for maintenance of the propertyirfulin-producing cells derived
from ESCs (Saitoh, Yamato, Miyazaki and Miyazaki02). This data indicates that
the expression ofNkx6.1, NeuroD1l and Pdxl play a role in the formation of
pancreati@-cells.

In order to promote the mature pancredticells, the expression of a key
transcription factors should be achievedvitro. Additionally, the candidate factors
are required to drive the maturation of progenitéks demonstrated in our study,
after pancreatic endocrine cells were exposeddadtimbination of nicotinamide and
IGF Il, the induction of an important transcriptiéactors could be acheived for ILCs

development. The cells at the end of differentratsbage expressed pancreas-related
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genes includingsLUTZ2, insulin, somatostatin andglucagon. Nestin andHnf35 were
also highly expressed in these cells. Accordingh® immunofluorescence staining,
hESC-derived ILCs expressed islet-specific hormasalin which represented by the
presence of C-peptide; a genuine markerdef novo insulin production. The
somatostatin- and glucagon-expressing cells we ddtected in these cell clusters.
Surprisingly, the expression of Nestin was alsontbun these populations. Thus,
although the modified protocol succeeded to dettieelLCs but the small portions of
insulin progenitors are still remained. Consequeritie current protocol should be
improved to yield lower the progenitor cells.

To define the functional of hES-DIPCs, further esments were carried out
including the characterization of pancredticells, the ability to release insulin in
response to glucose and the capacity of thesefoelfsiture clinical application. Our
finding demonstrated that hES-DIPCs are DTZ-positoells. The zinc-chelating
agent DTZ is known to selectively stain pancrefticells, which contain relatively
high levels of zinc (Shiroi et al., 2005; Baharvaddfary, Massumi and Ashtiani,
2006). In this work, DTZ-positive cellular clustengere observed inthe clusters at
days 46 of differentiation. This finding support® tachievement of insulin-producing
cell differentiation within the cellular clusters addition, the insulin secretion from
the ILCs exhibited a glucose-dependent manner aarsloy higher level of insulin
release in 50 mM glucose stimulation than in 5 nli¥cgse activation (Figure 4.8). In
addition, we succeeded to generate alginate enleapsuhES-DIPCs containing
capacity of insulin release (Figure 4.9C). Therefoboth encapsulated and

non-encapsulated hES-DIPCs could function as inquidbducing cellsn vitro.
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The encapsulation can be applied to protect intpthoells against antibodies
and cytotoxic cells of the host immune systemak been shown that alginated-based
microcapsules allow transplantation of cells in #i®sence of immunosuppression
(de Vos, Faas, Strand and Calafiore, 2006). Momede alginate technology has
also been applied to the differentiation of mES@se insulin-producing cells (Wang,
Adams, Buttery, Falcone and Stolnik, 2009).

In order to determine whether the hES-DIPCs géedran this work could
functions in vivo, both non-encapsulated and encapsulated hES-DWRE@®
separately transplanted into STZ-induced diabeticemAll cell-transplanted mice
maintained their blood glucose level for 70 dayerafransplantation. In contrast, the
control group which did not receive hES-DIPCs, flasting blood glucose was
significantly increased throughout the experimehtese results suggest that our
hES-DIPCs are capable of reducing the elevateddbiglocose which results in
maintain glucose level and prevent the diabetiggm@ssion in diabetic mice. This
rescue ratenight be due to the quality of hES-DIPCs. Isletifyuaind insulin content
have been previously reported to guarantegivo function in an animal model of
allotransplantation (Migliavacca et al., 2004).dar study, the pancreatic exocrine
cells are still present in the mixing clusters wdther islet cells. Therefore, the
improvement of high yield and high purity of the 3dbIPCs is needed to increase
more successful transplantation.

Among the treated mice, the excellent health aldge status were observed in
the hES-DIPCs transplanted mice (Figure 4.10Cthénpresent study, as shown in
Figure 4.18, the mice transplanted with either remtapsulated or encapsulated

hES-DIPCs showed a significant decrease in serurf Ilconcentration when
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compared to the control. These results suggest ttiattransplanted cells could
suppress IL-f production and also delay the diabetic progressiodiabetic mice.
The mechanism by which these cells decrease tlirigtion of IL-18 is not known. It
has been noted that IlBlwas produced by activated macrophages and morsocyte
(Li et al., 2008). In T1D, islet infiltrating magobages produce IL-1 which is
cytotoxic specifically toB-cellsin vitro (Sjoholm, 1998). It has also been suggested
that the development and progression of diabetraptications are associated with
inflammation which mediated by the inflammatory naors, such as
pro-inflammatory cytokines (Navarro and Mora, 200B) addition, Garcia et al.
(2010) indicated that the inflammation markers mrereased in diabetic patients
which serve as factor for cardiovascular risk predn as they are associated with
endothelial dysfunction. Nevertheless, insulin een considered a regulator of
inflammatory and immune responses in which it cé#enaate inflammation and
regulate immune reactions. Intensive insulin thgrdp also maintained the
inflammatory reaction balance, which significantjecreases pro-inflammatory
cytokine levels and increases anti-inflammatoryokyte levels (Deng and Chai,
2009).

Besides the results on blood glucose andflleVels from both hES-DIPCs and
encapsulated hES-DIPCs transplantation, the otihmrheémical analysis are also
determined. The present data indicated that alltidted mice did not exhibit any
significant alterations in BUN and creatinine lesjelvhen compared with diabetic
control mice. Elevation of the serum urea and anewd, key kidney function

markers, is related to kidney dysfunction in diabdtyperglycemia (Gatua et al.,
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2011). It is also suggested that these transplaceéld did not effect on the kidney
function.

Serum lipid profile including LDL, Al and HDL/chekterol ratio are used in the
evaluation of lipid abnormalities. The transplaimatof non-encapsulated hES-DIPCs
in STZ-diabetic mice caused a significant decr@aske Al and a significant increase
in HDL/cholesterol ratio after 70 days of treatmeéntfact, diabetes is associated with
a high incidence of vascular disease (Wagner, Ma#iRubio, Ordonez-Llanos and
Perez-Perez, 2002). In addition, the increase of kel has been previously shown
to reduce risk for cardiovascular disease (Assmand Gotto, 2004). Therefore,
hES-DIPCs might reduce the risk of cardiovasculasease. However, the

mechanisms by which hES-DIPCs evoke these effexd to be further clarified.

5.2 The potential capability of the combination of hWJ-MSCs

transplantation and GPE for diabetes treatment

The present study examined the effects of oralymiaistered GPE
(500 mg/kg), hWJ-MSCs transplantation and the coatimn of both treatments on
STZ-induced diabetic mice. These treatments wenepaoed to the diabetic control
mice. The results showed thihie fasting blood glucose levels did not signifityan
changed in all treated diabetic mice after 84 d#yseatments. However, there was
significant increase in fasting blood glucose leviel the control diabetic mice. In
addition, the treatment with either hWJ-MSCs trdausiation or the combination of
both treatments did not change BUN, creatinineagterol, triglyceride and LDL in

diabetic mice.
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The daily administration of GPE (500 mg/kg) for &ays significantly
increased HDL and HDL/cholesterol ratio and siguifitly decreased in atherogenic
index (Al). The results implied that GPE may habe fpotential to prevent the
formation of cardiovascular disease. The componantsthe mechanisms by which
GPE exerts these effects are not completely urmmist However, the presence of
flavonoids within the herb has been previously shéwvincrease HDL and reduce the
Al when treated in hypercholesterolemic rabbitsbf@maniam et al., 2010).

According to the inflammatory process, activatioh macrophages and
monocytes resulted in the production of IB-(Li et al., 2008).In this study, the
concentration of IL-g was determined in the serum samples taken from the
experimental animalsThis study demonstrated that STZ-induced diabeticem
treated with GPE or combination treatment signifitta reduced the serum ILB1
concentration. It is speculated that the anti-mfl@atory action exerted by GPE could
be attributed to its substances. In agreement thighdata, the crude ethanolic extract
of G. procumbens has been shown to inhibit mouse ear inflammatioraddition, the
extracts and fractions have been shown to contaémeal constituents, such as
essential oil, steroid/triterpenes, bitter prinegl valepotriates and coumarins
(Iskander, Song, Coupar and Jiratchariyakul, 2002¢ontrast, the transplantation of
hWJ-MSCs was found to have no significant diffeeen the serum IL{1
concentration. We hypothesized that the intravesttesof transplantation might be a
problem in mice. The factor for cell loss duringrtsplantation is a small vessel of the
mouse tail vein. The cells that are transplante itail vein may accidentally
introduce outside the vein or leak out of the \atier transplantation. In addition, the

mechanical trauma from the transplantation procasdead to cell damage and death
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(Brundin et al., 2000). Thus, it is important to bevare of the advantages and
disadvantages of experimental model as this mdyante the experimental outcome.

The treatment of PANC-1 formed ICAs with variousncentrations of GPE
(25 and 50 pg/ml), also elicited a significant g&se in the insulin secretion levels
in vitro. GPE promoted insulin release from ICAs in gluedspendent manner,
when exposed the cells with 5 mM, 20 mM or 50 mMcgke. This result may
accounting for the role of GPE in maintaining blagidcose level through activation
of insulin releasen vivo. However, the additional mechanisms of GPE angeired

to elucidate.

5.3 The potential capability of hWJ-MSCs transplanation alone for

diabetes treatment

We used hWJ-MSCs in this study due to several reasb) the hMSCs has
several advantages in therapeutic applications réMes Lda, Fontes, Covas and
Caplan, 2009; Xu et al., 2008); 2) hWJ-MSCs is asilg accessible source of human
MSCs isolation ethical controversy (Nekanti et 2010; Secco et al., 2008); 3) these
cells are found to improve a variety of diseasedd@ns in animal models (Barry and
Murphy, 2004; Brooke et al., 2007; Deans and Mgs&6000; Fiorina et al., 2009);
and 4) The hWJ-MSCs has been serve as an altagrsativce for MSCs isolation. It
retains the differentiation potential and immunge@ssive capacity.

Although, there is a report of successful hWJ-M$@sasplantation (Prasanna
and Jahnavi, 2011), the optimal transplantatioa kds not to be determined. The
impact of the transplantation site for cell engrafht and function has been reported

(Carlsson, 2011; Lau et al., 2007; Troppmann, RépalGruessner, Nakhleh and
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Gruessner, 1997). The present study examined tleetedbf three different sites
(intraperitoneal, subcutaneous and intravenous)then potential of hWJ-MSCs
transplantation. Our data demonstrated the inflaeidiWJ-MSCs transplantation on
fasting blood glucose levels as well as on bodygitein STZ-induced diabetic rats.
Intravenous transplantation of hWJ-MSCs had showsigaificant hypoglycemic
effect in STZ-induced diabetic rats after 91 daysatiment. The increase in body
weight in STZ-induced diabetic rats was observeteratransplantation with
hWJ-MSCs. Although the subcutaneously transplasiesl had greater increase in
body weight than those other groups, the improvemmerbody weight was also
shown in intraperitoneal and intravenous sitesaidplantation. Thus, transplantation
of hWJ-MSCs into diabetic rats may improve theialtfe condition from diabetes.
Moreover, there was no mortality in the animalsig@anted with hWJ-MSCs. These
results suggest that the efficacy of hWJ-MSCs toeod hyperglycemia condition
may be due to the generation of ngwells by mechanisms through secreting trophic
cytokines that promote endogenous pancreatic stdla im the ductal epithelium
differentiate into newp-cells. Furthermore, they also produce a varietgyibkines
and growth factors that have an effect on the saflvof surrounding cells, and
improve the microenvironment of the pancreas (8a@ Hao, Fu and Han, 2011).
The reversal of hyperglycemia has also been repparteNOD mice by allogeneic
MSCs transplantation that may be due to its immuppeessive effect (Fiorina et al.,
2009). The hMSCs have been shown to have benekfiatts in animal models
including (i) the selective homing of hMSCs to bgthncreatic islets and renal
glomeruli of diabetic mice and (ii) the ability dhe cells to repair the tissues

(Lee et al., 2006). As previously described by Xuale (2009), the administration of
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conditioned rat pancreatic extract (RPE)-treatedCl8l$nedia significantly improved
the blood glucose levels of STZ-induced diabetts.ri must also be noted that the
therapeutic benefits of MSCs in tissue protection aepair may be attributable
primarily to paracrine mechanisms and not to trdfeséntiation into
insulin-producing cells. Nevertheless, the preamzhanism of hMSCs in preventing
T1D remains controversial (Vija et al., 2009).

In this current study, the findings exhibited sfgrant decrease in blood
glucose level and increase in body weight of rétexy &1 days post-transplantation via
intravenous injection. However, the results demmast that there is no significant
difference in serum BUN, creatinine, cholesterotl aniglyceride levels in those
untreated and treated diabetes rats. Interestitiggydiabetic rats in the intravenous
transplantation group did not demonstrate any ewmideof adverse effects from
hWJ-MSCs. The intravascular site has been prewosslown to allow better
functional graft survival in STZ-induced diabetiats (Troppman, Papalois,
Gruessner, Nakhleh and Gruessner, 1997). In additiee intravenous site has been
shown to provide oxygen and nutrient supply to ghafted tissue (Hirshberg et al.,
2002). Interestingly, intravenously transplanted@4Shave been reported to migrate
into multiple tissues with circulation of blood Wo(Li et al., 2011). In this study, the
intraperitoneal site appears to have less potethizal another site for transplantation.
Dufrane et al. (2006) also reported the intrapeatd site seems not appropriate for
cell transplantation. Our study demonstrated, &s dbe previously reported, that the

transplantation site may influence the cell functior diabetes treatment.



CHAPTER VI

CONCLUSION

This study aimed at investigating new approacbeshie treatment of diabetes.
There were three major objectives set out for ihigestigation; 1) to produce
insulin-producing cells from undifferentiated hES@ES-DIPCs) and evaluate the
capability of hES-DIPCs for diabetic treatmemtvivo; 2) to examine the antidiabetic
effect of the combination dbynura procumbens extract and Wharton’s jelly derived
mesenchymal stem cells (hWJ-MS@s)diabetic animal model; and 3) to investigate

whether hWJ-MSCs can be used as a possible saurdebetes treatment.

6.1 The potential capability of hES-DIPCs for diab&es treatment

The results of this study revealed the achieveraEhESCs differentiation into
functional insulin-producing cells (hES-DIPCs) vitro by our new four-stage
differentiation protocol. This new procedure prasdsuitable environment for hESCs
transitioned through definitive endoderm (DE), paatic endoderm and pancreatic
endocrine stage, until mature islet-like clusteisC§. An analysis of the gene
expression patterns revealed that these diffetedtieells were very similar in their
development to pancreatic islets. In addition, thES-DIPCs exhibited the
characteristic of pancreatig-cells including C-peptide and DTZ-positive celiula
clusters, the ability to release insulin in resmone glucose. Furthermore, the

transplantation of hES-DIPCs could control bloodicglse levels and prevent
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atherosclerosis in diabetic animals. Altogether,sweceeded to generate hES-DIPCs
which exhibit the characteristics insulin-producuells both in cellular and molecular
levels. In addition, this hES-DIPCs has therapeudicie in blood glucose regulation

and prevention of diabetic progressiorvivo.

6.2 The potential capability of the combination of hWJ-MSCs

transplantation and GPE treatment

The study has demonstrated that oral administratidBPE evokes a beneficial
effect on the atherogenesis- and inflammation-eelatliabetes. In addition, the
combination of hWJ-MSCs transplantation and GPEatment could reduce
inflammatory cytokine in diabetic animals. The fimgs of the study support
traditional medicinal use of. procumbens for diabetic treatment. Moreover, this
work also suggests therapeutic value of the contbimareatment of hwWJ-MSCs
transplantation and GPE treatment in blood glucosentaining and prevention

medicine for diabetic progressiomvivo.

6.3 The potential capability of hWJ-MSCs alone for diaketes

treatment

This study has explored the effect of various siteBWJ-MSCs injections for
diabetic treatmentn vivo. To this end, the hWJ-MSCs were transplanted tho
animals by the intraperitoneal, subcutaneous aimavienous routes. The animals that
received an intravenous transplantation exhibitgdificant decrease in the blood
glucose levels. In addition, hWJ-MSCs treated diabanimals showed a marked

increase in body weight following the intraperitahesubcutaneous and intravenous
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transplantation. This study indicates that hWJ-M®@s/ serve as a promising cell
source for the treatment of diabetes. Furthermibie intravenous is also considered
the best site for hWJ-MSCs transplantation. Them@so a need to further investigate
the molecular and signaling mechanisms underlying therapeutic effects of

hwJ-MSCs.
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