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ABSTRACT 
         The amniotic fluid stem cell is the intermediate stem cell between the embryonic 
stem cell (ESC) and adult stem cell (ASC). This stem cell gives more advantages for 
medical therapy than other stem cells due to its appropriate proliferation potential, it has 
no teratoma formation as reported in ESC and it has higher proliferation potential than 
ASC to generate an adequate cell. Therefore, the factor that regulates AFS proliferation is 
quite interesting. DNA methylation is the one major mechanism of epigenetics that 
controls cell activity by regulation of gene action. The DNA methylation pattern is stable 
and has inheritable characteristics. Once it is established, it is maintained and passed 
through the daughter cells. The unique gene called the imprinted gene is also affected by 
DNA methylation mechanism. This gene is a susceptible gene due to its monoallelic 
methylation. The alteration of DNA methylation status on only one allele can lead to 
different cell characteristics. Some imprinted genes are involved in cell proliferation. The 
intensively studied imprinting cluster which regulates cell proliferation is the IGF2-H19 
imprinting cluster. This imprinting cluster comprises 2 homeostatic imprinted genes. The 
IGF2 encodes an insulin-like growth factor to trigger cell proliferation whereas the non-
translated H19 downregulates cell proliferation. The gene action of IGF2 and H19 is 
regulated by a DNA methylation pattern at the CTCF6 binding region upstream of H19, 
which has been suggested as the Imprinting Control Region (ICR). In addition, the 
Differentially Methylated Region (DMR) within IGF2 is also suggested as the regulatory 
region due to its imprinting methylation pattern. The methylation pattern at these regions 
was studied in various cell types including embryonic stem cells, embryonic tissues, 
various cancer cells and cells from patients suffering growth retardation such as from 
Bechwith-Weidmann Syndrome (BWS), and Silver Russel Syndrome. However, the 
DNA methylation at these regions in AFS has never been reported. Therefore, this study 
investigated the DNA methylation pattern at both DMR and ICR in the IGF2-H19 
imprinting cluster in AFS using bisulfite sequencing technique. It also defined the 
methylation pattern separately at different passages, P8 and P15. The results showed that 
all CpG sites in both DMR and ICR are differentially methylated. Only some CpG sites in 
ICR at passage8 (P8) displayed biallelic methylation. The study concluded that the DNA 
methylation at DMR and ICR in the IGF2-H19 imprinting cluster of AFS cell was 
imprinting pattern. Additionally, the change of methylation pattern at ICR can occur 
during in vitro cultured process. 
 
KEY WORDS: AMNIOTIC FLUID STEM CELL/ DNA METHYLATION/ 

IMPRINTING/ IGF2/ H19 
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การศึกษารูปแบบ DNA METHYLATION ของยีนฝงจํา H19 และ IGF2 ในเซลลตนกําเนิดน้ําคร่ํา (DNA 
METHYLATION STATUS OF IMPRINTED GENE H19 AND IGF2 IN AMNIOTIC FLUID STEM CELLS) 
 
ศุจีภรณ ศรีประดิษฐ   4936481   SIBC/M 
 
วท.ม.(ชีวเคมี) 
 
คณะกรรมการที่ปรึกษาวิทยานิพนธ: เนตรนภิส ธีระวัลยชัย, Ph.D., ทัศนีย เพิ่มไทย, Ph.D.,  
วรรณา ทองนพคุณ, Ph.D., วิทยา ถิฐาพันธ, M.D. 

บทคัดยอ 
เซลลตนกําเนิดน้ําคร่ําจัดเปนเซลลตนกําเนิดทารก ซึ่งมีศักยภาพอยูระหวางเซลลตนกําเนิดตัวออน

และเซลลตนกําเนิดตัวเต็มวัย เมื่อพิจารณาถึงศักยภาพในการแบงตัวและการเปลี่ยนแปลงไปเปนเซลลทําหนาที่
นั้นจะเห็นไดวาเซลลตนกําเนิดน้ําคร่ํามีความสามารถในการเปลี่ยนแปลงไปเปนเซลลอื่นไดนอยกวาเซลลตน
กําเนิดตัวออน ดังนั้น เซลลตนกําเนิดน้ําคร่ําจึงมีศักยภาพในการนําไปใชในการรักษาต่ํากวาเซลลตนกําเนิดตัว
ออนในแงของความหลากหลายในการสรางเซลลทําหนาที่ แตในแงของการแบงตัวเพิ่มจํานวนนั้น เซลลตน
กําเนิดน้ําคร่ํากลับมีความไดเปรียบในการนําไปใชรักษามากกวาเซลลตนกําเนิดตัวออนและตัวเต็มวัยเนื่องจากมี
ศักยภาพที่ไมมากเกินไปจนกอใหเกิดมะเร็งดั่งเชนเซลลตนกําเนิดตัวออนและไมนอยเกินดั่งที่เปนขอจํากัดของ
เซลลตนกําเนิดตัวเต็มวัย ดังนั้นการศึกษานี้จึงไดสนใจถึงปจจัยควบคุมการแบงตัวเพิ่มจํานวนของเซลล ซึ่งการ
ทํางานของยีนฝงจําใน IGF2-H19 imprinting cluster เปนปจจัยหนึ่งที่มีการศึกษาอยางมากและมีรายงานวามี
ความสัมพันธกับความบกพรองทางการเจริญเติบโตหลายๆโรคดวยกัน โดยยีนฝงจําในกลุมนี้ประกอบดวย 2 ยีน
ที่ทําหนาที่ควบคุมสมดุลของการแบงเซลล ไดแก ยีน Insulin-like growth factor 2 (IGF2) ซึ่งสงเสริมการแบง
เซลล และ ยีน H19 ซึ่งยับยั้งการแบงเซลล ยีนในกลุมนี้จะมีการทํางานสัมพันธกันภายใตการควบคุมของ DNA 
methylation ที่บริเวณ ICR เหนือยีน H19 และ DMR ของยีน IGF2 ดังนั้น เราจึงสนใจศึกษารูปแบบ methylation 
ที่บริเวณ ICRและ DMR ในเซลลตนกําเนิดน้ําคร่ําซึ่งยังไมเคยมีรายงานมากอน และนอกจากนี้ยังไดทําการ
เปรียบเทียบรูปแบบ methylation ระหวางเซลลตนกําเนิดน้ําคร่ําที่ passage ตางกันดวย (passage8 และ passage15) 
การศึกษานี้ใชเทคนิค Bisulfite sequencing เพื่อระบุถึงรูปแบบ methylation ของ CpG ทุกตําแหนงในบริเวณที่
สนใจ จากการศึกษาแสดงใหเห็นวารูปแบบ methylation ที่บริเวณ ICR เหนือ H19 ของเซลลตนกําเนิดน้ําคร่ําเปน
แบบ imprinting คือมีความแตกตางกันระหวางอัลลีล แตอยางไรก็ตามบางตัวอยางพบรูปแบบ hypermethylation 
แทนที่ CpG บางตําแหนง ซึ่งเมื่อพิจารณาตอไปพบวา เซลลตนกําเนิดที่มี hypermethylation CpG นั้นเปนเซลลตน
กําเนิดน้ําคร่ํา passage8 ทั้งหมด และสําหรับการศึกษารูปแบบ methylation ที่บริเวณ DMR ของ IGF2 พบวามี
รูปแบบ methylation เปนแบบ imprinting ทั้งหมด แต imprinting methylation นั้นไมไดเกิดขึ้นบนอัลลีลเดียวกัน 
CpG บางตําแหนงเกิด methylation ขึ้นที่อัลลีลหนึ่งแต CpG ใกลเคียงกลับ methylation ที่อัลลีลอื่น ดังนั้นจึงสรุป
ไดวารูปแบบ methylation ของเซลลตนกําเนิดน้ําคร่ําเปนแบบ imprinting ทั้งที่บริเวณ ICR และ DMR ซึ่งรูปแบบ
methylation ที่ ICR อาจเปลี่ยนแปลงไดระหวางการเพาะเลี้ยงในหองปฏิบัติการ  
 
135 หนา 
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CHAPTER I 

INTRODUCTION 

 

 

Amniotic fluid stem cell is one of promising cells implicated in 

regenerative medicine due to its high proliferative potential and wide-range of 

differentiation capability. Before the discovery stem cell from amniotic fluid
(1)

, the 

main sources of stem cells are from both embryonic and adult tissues. The embryonic 

stem cell (ESC) is pluripotent cell which is capable of differentiation into almost all 

cell types, except placenta. The ESC also possesses the great proliferative potential 

that has been expandable over 100 passages
 (2-5)

. Therefore, the ESC has been 

anticipated as the powerful tool for regenerative medicine. However, the utilization of 

ESC has an ethical concern
(6)

 and some evidences of teratoma formation after 

transplantation
(7)

. Regarding to such limitation of ESC, the adult stem cell (ASC) 

becomes an alternative choice. The ASC is derived from adult tissue and has been 

suggested as multipotent cell
 (8-10)

 which is capable of differentiation only into many 

cell types but not all cell types as derived from 3 embryonic germ layers. Furthermore, 

it also possesses low proliferative potential. Therefore, the ASC is limited in 

utilization for medical application because of its restricted potency of proliferation and 

differentiation. The discovery of amniotic fluid stem cell (AFS) may provide an 

alternatibe choice for stem cell therapy. This stem cell is derived from fetal tissue and 

has been reported as having capability of differentiation into various cell types of 3 

germ layers 
(11, 12) 

which is benefit for stem therapy. Furthermore, AFS possesses high 

proliferative potential. The prior study has shown that AFS can form colony from 

single cell resulting in the homogenous AFS cell population. According to the stem 

cell property, the different of proliferative potential of each stem cell source may be 

influenced by the different proliferative regulatory factors.  

Cell proliferation is controlled in part by epigenetic mechanism such as 

DNA methylation, histone modification, and chromatin remodeling. The most 

intensive epigenetic study is DNA methylation because of the direct relevant between 
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exact methylation pattern with gene action whereas other epigenetic shows complicate 

pattern. The important methylated region to switch on or off the action of general gene 

is at promoter region. For the special gene set called imprinted gene, the important 

methylated region is differentially methylated region (DMR) which is methylated 

differently between paternal and maternal allele and concordance with the action of 

imprinted gene. The methylation pattern of imprinted gene is very interesting because 

this characteristic is susceptible, the mutation of methylation pattern only on one allele 

may lead to the different cell property.  

   In human, there are several imprinted genes play role in various cell 

actions but this study interested to the imprinted gene involving in cell proliferation 

regulation
(13, 14)

. The imprinted gene is normally control specific characteristic in 

cluster. The IGF2-H19 imprinting cluster is the most intensive study to regulate cell 

proliferation. This imprinting cluster composes of 2 antagonistic proliferation 

regulated genes. The insulin-like growth factor 2 (IGF2) encodes growth factor to 

trigger cell proliferation
(13-15)

 whereas the H19 encodes non-translated RNA to inhibit 

cell proliferation by siRNA action
(16)

. The imprinted gene action in this cluster is 

regulated by DNA methylation at DMR especially at 2 kb on the upstream of H19, 

called CTCF binding region
(17)

. This CTCF binding region recruits the CTCF insulator 

protein and switch gene action between 2 gene members in IGF2-H19 imprinting 

cluster, IGF2 and H19. The CTCF binding region can be divided into 7 sub-regions, 

CTCF1 to 7. Only the sixth CTCF binding region is reported as DMR
(17)

. The 

methylation pattern at this DMR plays role in regulation of gene action of both IGF2 

and H19 according to the insulator model. Thus, the CTCF6 binding region is called 

imprinting control region (ICR). Furthermore, another DMR in IGF2-H19 imprinting 

cluster locates between exon 2 and 3 of IGF2. This region shows unique of 

methylation pattern specific to each cell types. Therefore, the methylation pattern at 

ICR and DMR is important to regulated imprinted gene action and it is specific to each 

cell types.  

This study explores the methylation pattern at ICR and DMR in IGF2-H19 

imprinting cluster which has never been reported in amniotic fluid stem cell. We 

would like to know the methylation pattern at both ICR and DMR in IGF2-H19 

imprinting cluster of amniotic fluid stem cell and whether the methylation pattern of 
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this intermediate stem cell differs from those of embryonic stem cell and adult stem 

cell or not. Furthermore, this study also compares the methylation pattern between the 

different passages of the cell culture to determine if the methylation pattern is changed 

by in vitro culture condition.      
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Objective  

1. This study is the first report of the DNA methylation pattern at 

Differentially Methylated Region (DMR) and Imprinting Control Region (ICR) in 

IGF2-H19 imprinting cluster in Amniotic Fluid Stem Cell (AFS). 

2. This study compares the DNA methylation pattern at Differentially 

Methylated Region (DMR) and Imprinting Control Region (ICR) in IGF2-H19 

imprinting cluster between early passage and late passage of Amniotic Fluid Stem 

Cell. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

1. Stem Cells 

Stem cells are unspecialized cells with uncommitment on cell morphology 

and function. These cells possess capability to undergo self-renewal and can be 

induced to become at least one or more functional cell types after exposure to 

appropriate signal to trigger differentiation
(1)

. According to these unique properties, 

stem cells may play pivotal role in homeostasis to balance between regenerative cells 

and degenerative cells. Furthermore, they are involved in repair system for injury and 

some diseases
(2)

. 

1.1 The unique properties of stem cell 

Stem cells from various organs and various developmental stages have 3 

shared common characteristics. First, they are unspecialized cells. Second, they are 

capable to renew themselves for long periods. And third, they can differentiate to 

functional cells
(3)

.  

1.1.1 Unspecialized cell 

The word “stem” in stem cells is like stem of tree before 

branching to various stalks. These cells have not, yet, been specified for cell 

morphology and function. However, they can be induced to differentiate into various 

cell lineages under appropriate situation.   

1.1.2 Self-renewal property  

One unique stem cell property is self-renewal. Stem cells can 

replicate themselves and maintain their characteristic in cell population along 

proliferation process, for example, the stem cell can maintain telomere length during 

proliferation process whereas the differentiated cells change telomere length after 

undergo each cell division. The stem cells contain unlimited proliferation capability
(4)

. 

The ability to produce a large amount of cell population is attractive for therapeutic 

usage.  
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The previous study showed that the high self-renewal potential 

was found in embryonic stem cell
(5)

. This cell was able to proliferate for a year or even 

longer without developing to specialized cells. 

1.1.3 Differentiation property 

Another unique stem cell property is differentiation, the ability 

to differentiate unspecialized cells into specific morphology and carry out specific 

function. Differentiation process can occurred after receive appropriate signal. The 

internal signals from their gene action are the one factor to trigger differentiation 

process 
(6)

. These signals are specific to each cell lineage and were reported as 

differentiation protein marker in several previous studies 
(7-10)

. Furthermore, the 

external signal
(11)

 such as chemicals in extracellular matrix and physical 

connections
(12)

  are also involved in differentiation process.  

1.2 Classification of Stem Cell  

1.2.1 Based on differentiation capability 

Stem cells can be categorized according to the differentiation 

capability.  

1.2.1.1. Totipotent stem cells  

Stem cells in this category contain the highest 

differentiation potential. They can give rise to all cell types in a fully human 

development including placenta. The totipotent stem cell can be derived from the 

fertilized oocyte and premorula blastomeres 
(13)

.  

1.2.1.2. Pluripotent stem cells  

Stem cells in this category contain lower 

differentiation potential than totipotent stem cells. Though, they can give rise to 3 

primordial germ layers but not placenta
(14)

. The pluripotent stem cell can be derived 

various sources. The embryonic stem (ES) cell is derived from inner cell mass (ICM) 

in blastocyst stage 
(15)

 whereas the embryonic germ (EG) cell and embryonic 

carcinoma (EC) are derived from in vitro germ cell culture and tumorigenic germinal 

tissue, respectively. Furthermore, the induced pluripotent stem cell (IPs) technology 

was discovered to restore pluripotency in adult cells
(16, 17)

.  
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1.2.1.3. Multipotent stem cells  

Stem cells in this category contain lower 

differentiation potential than totipotent and pluripotent stem cells. They can give rise 

at least 2 or more cell types in specific lineages. The neural stem cell (NSC)
 (18)

 and 

neural crest stem cell (NCSC)
(19)

 can differentiate to neural cell lineage such as 

oligodendrocytes, dopaminergic neurons and astrocytes. Hematopoietic stem cell 

(HSC)
 (20, 21)

 can be derived to blood lineage such as red blood cells, white blood cells 

and lymphocytes. Mesenchymal stem cell (MSC)
(22)

 can give rise to mesenchymal cell 

such as adipocytes, chondrocytes, osteocytes and myocytes.   

1.2.1.4. Unipotent stem cells 

Stem cells in this category contain limited 

differentiation potential. They can give rise to only one mature cell type
(23)

. The 

keratinocyte stem cell is one example of this category. This cell can give rise to 

closely related keratinocytes. 

1.2.2 Based on their origin 

Another way to classify stem cells is regarding the source they 

were derived from. Generally, stem cells are classified as: embryonic, fetal or adult 

stem cells. Besides, the umbilical cord blood stem cells sometimes called neonatal 

stem cells. Therefore, stem cells are categorized into 4 groups according to their 

origin. 

1.2.2.1. Embryonic stem cells  

Embryonic stem cells are isolated from embryo 

during development. They can be either totipotent  or pluripotent stem cell depending 

on embryonic stage. Stem cell derived from fertilized egg and cell at early 

development contain totipotency whereas stem cell derived from 4 or 5 day-old, called 

blastocyst
(15, 24)

, contain pluripotency. The inner cell mass of blastocyst will develop 

into 2 layers; epiblast and hypoblast. Only the part of epiblast can give rise to 3 

primordial germ layers; ectoderm, mesoderm and endoderm 
(25)

. 

Even though these stem cells have advantage due 

to the highest differentiation potential however they have limitation about ethical 

concern and show teratomas formation evidence.  
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1.2.2.2. Fetal stem cells  

Fetal stem cells are isolated from the organs of 

fetuses. These stem cells can be isolated either from abortuses directly or from 

releasing cells in amniotic fluid. Previous study found fetal neural stem cells which 

can differentiate into neurons and glial cells in neural lineage 
(26)

. Furthermore, the 

fetal blood was rich sources of fetal hematopoietic stem cells 
(27)

. According to these 

discoveries, most stem cell derived from fetal is multipotent stem cells.  

1.2.2.3. Neonatal stem cells  

The neonatal stem cells are isolated from newborn 

baby such as umbilical cord which is collected after birth. The umbilical cord blood is 

a rich source of hematopoietic stem cells. Cord blood cells hold advantages over 

embryonic stem cells because of there are no ethical debate. In addition, cord blood 

stem cells hold an advantage over adult stem cells because they do not have the DNA 

mutations which accumulated along development
(28)

. 

1.2.2.4. Adult stem cells 

Adult stem cells, or somatic stem cells, are isolated 

from adult organs. In humans, the key functions of adult stem cells are to maintain and 

repair the specific tissues where they reside
(29)

. Adult stem cells have been found in 

many tissues but their numbers are very small. It is suggested that stem cells will 

remain in a particular area of a tissue for years without dividing. They are then 

triggered to divide by disease or tissue damage. These stem cells contain low 

proliferation potential therefore cell population number is inadequate for using. 

Moreover, they possess limited differentiation capability.   

Even though these stem cells have disadvantages 

as mention before however there are some advantages of avoiding ethical concern and 

no evidence of teratomas formation.   

1.3 Amniotic fluid stem cell 

Amniotic fluid stem cell (AFS) is fetal stem cell
(30)

. Its stem cell potential, 

both proliferation and differentiation, is intermediate between ESC and ASC. For the 

differentiation potential, the AFS can differentiate to wide range of functional cell 

types more than ASC which is restricted differentiation potential to a few cell lineages. 

However, the AFS cannot derive to all cell types; it does not have high differentiation 
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potential as ESC. Therefore, the AFS is less advantage for medical therapy than ESC 

in term of differentiation potential. For the proliferation potential, the AFS contains 

higher proliferation potential than ASC. The single AFS cell can give rise to the large 

stem cell population (up to 10
7
). The large cell population is benefit for therapeutic 

usage. The comparing to ESC, the AFS contains lower proliferation potential than 

ESC. The teratoma formation, due to the excess proliferation potential as shown in 

ESC, does not exist after AFS transplantation. 

In conclusion, the AFS contains appropriate proliferation potential to avoid 

teratoma formation and to generate an adequate cell. This statement reveals that the 

AFS is more advantage for medical therapy than both ESC and ASC in term of 

proliferation potential.   

Table1. The comparison of stem cell properties among ESC, AFS, and ASC   

Property 
Embryonic  

stem cell 

Amniotic fluid  

stem cell 

Adult  

stem cell 

Differentiation 

potential 
High potential 

Intermediate 

(ESC>AFS>ASC) 
Low potential 

proliferation 

potential 

High potential 

(resulting in 

teratomas 

formation) 

Intermediate 

(ESC>AFS>ASC) 

(resulting in 

adequate cell for 

therapy and no 

evidence of 

teratomas 

formation) 

Low potential 

(resulting in lack of 

cell for therapy) 

Feeder cell 

contamination 
Yes No No 

Ethical concerned Yes No No 

This study interested to the regulatory factor of cell proliferation. A high 

relevant factor to cell proliferation is the imprinted genes action in IGF2-H19 

imprinting cluster under the influence of DNA methylation. Therefore, the DNA 

methylation pattern to control those imprinted genes’ action becomes our interesting 

proliferation regulatory factor.  
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2. Epigenetic – DNA methylation 

DNA methylation is an inheritable epigenetic modification in which 

methyl group is covalently added to the cytosine residue in CpG dinucleotides. The 

DNA methylation is stable characteristic due to the covalent modification. Once 

established, the DNA methylation tends to be inherited in a clonal fashion by all 

daughter cells 
(31)

 under the effect of DNA methyltransferases enzyme. 

2.1 DNA methyltransferase (DNMT) enzyme 

The DNA methyltransferase plays important role to define DNA 

methylation pattern. Thus far, five Dnmts are known: Dnmt1, Dnmt2 and the Dnmt3 

family a,b and L. The Dnmt1, Dnmt3a and Dnmt3b contain functional 

methyltransferase activity.  

The Dnmt1 was the first metyltransferase to be discovered. The deletion of 

this gene was shown to cause demethylation of the genome and embryonic lethality in 

mouse 
(32, 33)

. Even though Dnmt1 has the ability to methylate DNA de novo, it is 

generally thought of as a maintenance methyltransferase. It has been shown to be part 

of the replication machinery, responsible for restoring the methylation pattern on the 

newly synthesized hemimethylated DNA after replication 
(34-37)

.  

The Dnmt3a and Dnmt3b constitute the class of de novo 

methyltransferases. Dnmt3a was shown de novo methylation activity when its 

expression was induced in Drosophila assays 
(38)

. The deletion of Dnmt3a or Dnmt3b 

or both was shown to affect the methylation of ES cells and early mouse embryos 
(39)

. 

These methyltransferases are therefore considered to be involved in establishing the 

methylation patterns of the genome during post-implantation development (Figure1). 

These enzymes might also be responsible for the aberrant methylation patterns during 

tumourogenesis, since overexpression of these genes, especially DNMT3B, can be 

seen in several cancer forms 
(40, 41)

.  
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Figure1. The role of DNMT enzyme in establishment and maintenance the DNA 

methylation pattern. 

The DNMT3 is known as de novo methyltransferase, it adds methyl group 

to the target CpG in both strand. The DNMT1 is known as maintenance 

methyltransferase, it adds methyl group to the CpG on the newly synthesized strand 

along the methyl mark on the old strand resulting in the symmetric methylation as 

before DNA replication.    

The Dnmt2 and Dnmt3L have so far not been shown to have any 

methyltransferase activity. The Dnmt2 is expressed at low levels and the function of 

expressed protein is still largely unknown, since the inactivation of this gene does not 

affect the methylation status of genome and show no phenotypic disturbances 
(42, 43)

. 

Dnmt2 has, however, been shown to bind strongly to DNA and its biological 

significance has yet to be determined 
(42)

.  

The Dnmt3L share several features with the rest of the Dmnt3 family, and 

despite its inability to methylate DNA, it has been shown to be important in the 

establishment of maternal methylation imprints. This was shown when the deletion of 

the Dnmt3L gene only affected maternal specific methylation marks without affecting 

the global methylation levels 
(44)

. Dnmt3L emerges therefore as a regulator of maternal 

specific methylation patterns. Although the mechanisms behind this process remains 
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unknown, it has been shown that Dnmt3L co-localizes with both Dmnt3a and Dnmt3b 

(45)
 and binds directly to HDAC 

(46)
. 

2.2 DNA methylation region 

The majority of CpG dinucleotides throughout the mammalian genome is 

methylated 
(47)

. Functional groups of DNA that can acquire methylation are repetitive 

sequences, CGIs, genes and imprinted regions. The CGIs are often unmethylated and 

thus diverge from other sequence types where methylation is the default state. The 

CGIs tend to co-localize with 5’ promoter regions in around 30-70% of human genes 

(48-51)
. In silico approaches strictly based on sequence composition are used to define 

CGIs (e.g., region >500 bp, GC-content >55%, and CpG observed/expected >0.6) and 

thus their function has to be proven experimentally 
(52)

. For the imprinted gene 

regulation, the influence of DNA methylation and special methylation pattern will be 

informed in “Imprinting” section.   

2.3 Role of DNA methylation 

DNA methylation plays critical roles in diverse biological processes. In 

prokaryotes DNA methylation is a component of the restriction system, which protects 

the host from the effects of foreign DNA 
(53)

. In mammal, DNA methylation is known 

to play important roles in gene regulation 
(50)

. Several lines of evidence suggest that 

DNA methylation is associated with gene silencing 
(54-57)

. DNA methylation is crucial 

for embryonic and post-birth development. Mouse embryos having homozygous 

deletion of DNA methyltransferases DNMT1 and DNMT3b die before birth 
(58, 59)

. 

Knocking out DNMT3a leads to death in ~ 4 weeks 
(59)

. The alteration of DNA 

methylation is the cause of several disease causing germline mutations 
(60)

, and 

somatic mutations that lead to cancer 
(61)

. Aberrant promoter methylation has been 

shown to be associated with cancer 
(62, 63)

. Methylation has also been implicated in 

immunodeficiency, centromeric instability, facial anomalies (ICF) syndrome. Study of 

ICF patients’cells showed the mutations in the gene encoding the DNA 

methyltransferase DNMT3b, which leads to specific chromosomal decondensation and 

reduced levels of methylation in satellite DNA 
(64, 65)

. Rett syndrome patients have 

mutations in the methyl-CpG binding protein MeCP2, suggesting a possible role of the 

inability to decode methylation signals in causing this disease 
(66)

. 
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In addition, a role for DNA methylation in imprinting was first 

demonstrated by defective imprinting observed in the Dnmt1-/- mice, where 

imprinting of the H19, Igf2, and Igf2r genes was disrupted 
(67, 68)

. This study showed 

that methylated CpG maintenance was mandatory for imprinted expression. The 

DNMT3 family of proteins has also been demonstrated to be vital for imprinting. As 

more and more imprinted genes have been identified, the effect of DNA methylation 

on imprinting has developed into a more complex picture, where some murine genes 

can maintain placental parent-of-origin specific expression in a DNA methylation 

independent manner 
(69, 70)

. 

3. Imprinting phenomenon 

3.1  Imprinting characteristic 

Imprinting phenomenon refers to the unequal of gene expression of two 

different parental alleles. The imprinted gene is susceptible gene to lose function 

because of its monoallelic expression. The alteration of gene expression only on one 

allele of imprinted gene can lead to abnormal characteristic 
(71-74)

. Therefore, the 

alteration of imprinted gene can be noticed easier than non-imprinted gene which 

requires biallelic mutation to cause the abnormal characteristic. 

The imprinted genes disperse throughout whole genome, they locate and 

action in group, called imprinting cluster (Table2). The consideration at each 

imprinted genes, it can be divided into 2 sub-classes depending on the allelic 

methylation and allelic expression. One is the maternal imprinted genes which are 

methylated at imprinting box only on maternal allele and resulting in maternal allele 

silencing. These genes are normally expressed from unmethylated paternal allele, thus, 

this gene set is called paternal expressed genes (PEGs). Another one is paternal 

imprinted genes which are methylated at imprinting box of paternal allele and 

resulting in paternal allele silencing. These genes are expressed from unmethylated 

maternal allele, called maternal expressed genes (MEGs) 
(75)

. 
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Figure2. Imprinting phenomenon is parental specific gene modification (star mark). 

The gene modification is specifically defined to parental sex along gametogenesis. B 

gene is marked in maternal allele, called maternal imprinted gene. C gene is marked in 

paternal allele, called paternal imprinted gene.  
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Table2. The list of human imprinted gene 

 

 

 

 

 



Sujeeporn Sripradite   Literature Review / 16 

 

3.2. Imprinting regulation 

The action of imprinted gene is regulated by DNA methylation 

mechanism. The differentially methylated CpG-rich regions with methylation specific 

to maternal or paternal chromosomes are typically found in the vicinity of imprinted 

genes 
(76, 77)

. Some differentially methylated regions are called imprinting control 

regions (ICR). The ICRs further have to be proven experimentally, through, e.g., 

knockout experiments in animal models, where the loss of the ICR disrupts the 

imprinting
 (78-80)

. The ICR can function in different ways, but direct tandem repeats 

containing highly conserved core transcription factor binding sites are typical 
(81)

. 

ICRs are relatively long (murine average 3.2 kb) compared to normal regulatory 

elements such as promoters and enhancers which rarely are longer than 500 bp 
(82, 83)

. 

Additional differentially methylated regions, called DMR, undergo significant 
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reprogramming through development, and are thought to be hierarchically regulated 

by the ICR 
(98)

. DMRs are thought to aid the stabilization of allele-specific expression 

at the level of individual genes and can constitute functional units such as promoters. 

It is noteworthy that all ICRs/DMRs would not formally be defined as CGIs and 

differences in GC and CpG content have been reported between maternal and paternal 

ICRs 
(82)

.  

3.3 The establishment and maintenance of imprinting methylation  

Along development, the DNA methylation level is fluctuating. The global 

demethylation happens twice during development: first in gametogenesis and the 

second time immediately following conception, where the paternal genome is rapidly 

demethylated while the maternal genome is demethylated at a slower rate (Figure4) 

(84)
. 

 

Figure3. The DNA methylation level along development is fluctuation in both male 

(grey line) and female (black line). The lowest methylation level causes by the global 

demethylation. The graph showed the lowest methylation level at 2 times, thus, it 

implies to global demethylation twice.  

The escape of the global methylation can be observed at imprinted 

methylation region including ICR and DMR. This exception was explained by the 

action of two regulatory factors, both allele-discremination protein (ADP) and de novo 

methylation protein (DNP) which can bind to different cis-acting elements allele-

discremination signal (ADS) and de novo methylation signal (DNS) respectively 
(85)

.  

In case of maternal imprinting or PEG, the DNP mask the DNS on 

maternal allele to protect methylation pattern from global demethylation during 
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preimplantation stage and prevent de novo methylation on paternal allele at 

implantation stage by masking ADS from ADP, and vice versa in case of paternal 

imprinting of MEG. 

For the non-imprinted genes (biallelically expressed genes, or BEG), they 

may also contain differentially methylated regions (DMRs). However, the DMRs of 

non-imprinted genes are subjected to the genome-wide demethylation. Some regions 

especially at promoter and CGIs are prevented from de novo methylation by the action 

of ADP on both parental alleles. The low-level methylation leads to biallelic 

expression of either tissue-specific genes or housekeeping genes. 

 

[Genomics, 2000;64(2):132-43] 

Figure4. The exception of global demethylation. DNA methylation pattern is 

established during gametogenesis. This pattern is inherited and maintained throughout 

of life, thus, it required some mechanism to retain this pattern when undergo to global 

demethylation and remethylation after fertilization. The hypothesis of 2 protein masks 

was suggested to protect methylation pattern.     

Once established, the methyl marks are typically maintained through cell 

divisions in a clonal manner. It does not follow Mendelian laws of inheritance. This 

enables a cellular memory and the methylation pattern is often specific for distinct cell 

types, and a range of tissue-specific differentially methylated regions have been 
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described before. The alteration of DNA methylation to control imprinted gene action 

has been reported in various diseases such as Prader-Willi Syndrome (PWS)
 (102)

, 

Angelman Syndrom (AS) 
(86)

, Beckwith-Weidmann Syndrome (BWS) 
(87)

, Silver 

Russel Syndrome (SRS) 
(88)

, etc. Some diseases are growth and development 

retardation. Some of them are metabolic diseases. Therefore, the imprinted gene 

involves in various cell function which will be described in “Imprinting Function” 

section. 

3.4 Imprinting function 

The nuclear transfer experiments creating parthenogenetic and 

androgenetic embryos were not only incompatible with development, but striking 

differences in the phenotype between the two types of conceptions were reported, with 

parthenogenetic embryos showing clear underdevelopment of extra-embryonic tissues 

and the opposite phenotype in androgenetic embryos. Further studies of chimeric mice 

created from normal cells in combination with parthenogenetic or androgenetic cells, 

revealed embryonal growth and skeletal defects and biased cell type contributions, 

underlining the functional inequality 
(89-91)

. Subsequent knockout studies of imprinted 

genes have revealed different specific functions, with the general conclusion that 

imprinted genes foremost affect mammalian growth, metabolism, and behavioral traits 

(92)
. The parent-offspring model (kinship theory) for the evolution of imprinting relates 

to the fact that imprinting is specific to placental animals, and that paternally 

expressed genes tend to be growth-promoting. The placenta enables a continuous 

maternal-fetal nutrition exchange throughout gestation, where in the model the mother 

strives to preserve resources for future pregnancies (potentially with a different father), 

while the interest of the paternal genome is to maximize nutrient allocation to his 

offspring 
(93)

. Clearly, this is just a theory and all imprinted genes do not support this 

model in an obvious way, and other models for the evolution of imprinting have been 

proposed including protection against parasitic DNA and maternal protection from 

invasive trophoblasts 
(92)

. This study interested to the factor controlling cell 

proliferation. The outstanding imprinting cluster involving in proliferation regulation 

is IGF2-H19 imprinting cluster, the major abnormal characteristic in many growth 

retardation diseases such as BWS, SRS, and various cancers.   
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IGF2 H19 
ICR 

4. IGF2-H19 imprinting cluster 

4.1 Composition of IGF2-H19 imprinting cluster 

The IGF2-H19 imprinting cluster locates on chromosome 11p15.5 and 

composes of 2 homeostatic imprinted genes including IGF2 and H19. The IGF2 

embeds on the upstream of this imprinting cluster. This imprinted gene encodes 

insulin-like growth factor 2 (IGF2) to trigger cell proliferation. The H19 embeds at 

downstream of IGF2. This imprinted gene encodes untransgated RNA which acts as 

miRNA to limit IGF2 action resulting in decreased of cell proliferation.  

 

 

 

 

Figure5. IGF2-H19 imprinting cluster compose of 2 imprinted gene members, IGF2 

(blue square) and H19 (purple square). The 7 sub-CTCF binding regions locate 

between those 2 gene members (green diamond). The enhancer (red circle) locates at 

downstream of H19. The methylation region (white circle) in this cluster is DMR in 

the IGF2 and the sixth CTCF binding site, which is suggested as imprinting control 

region (ICR).  

H19 is flanked by 2 regulatory regions. The upstream regulatory region of 

H19 is CCCTC-binding factor (CTCF) binding site and the downstream regulatory 

region of the H19 is shared enhancer. 

4.1.1 Insulin-like growth factor 2 gene (IGF2) 

Insulin-like growth factor II (IGF2) gene is maternal imprinted 

gene which locates on the upstream of H19/IGF2 imprinting cluster. This gene 

consists of 9 exons and its expression is regulated by 4 promoters (Figure6). Each 

promoter is active in different tissues and different developmental stage; for example, 

promoter1 (P1) is active predominantly in fetal and adult liver tissue. It is always 

transcripted from both parental alleles. In contrast to promoter 2-4 (P2-P4) are active 

in imprinting fashion 
(94)

. These promoters express throughout all stage of fetal 

Paternal 

Maternal 

CTCF binding 

region 
Enhancer 

IGF2 H19 

DMR 
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development. The IGF2 encodes insulin-like growth factor II (IGF2) protein. This 

IGF2 protein involve in proliferation, cell survival, and metastasis.   

 

Figure6. IGF2 gene composes of 9 exons. This gene encodes 4 IGF2 isoformed 

proteins under the influence of 4 promoters.   

4.1.2 H19 

H19 is paternal imprinted gene on the downstream of IGF2. 

This gene consists of 5 exons and 4 small introns. The H19 encodes non-coding RNA 

but its exact function is still unclear. Xuezhong Cai and Bryan R. Cullen 
(95)

 suggest 

that this non-coding RNA function as miRNA. This miRNA results in downregulation 

of specific mRNA and acts as tumor-suppressor gene. This gene is highly expressed 

since early stage of embryogenesis until fetal stage in many organs such as fetal 

adrenal, fetal liver, and placenta, but is approximately completely downregulated at 

postnatal stage. 

4.1.3 CCCTC-binding factor 

The CCCTC-binding factor, known as CTCF, is a zinc finger 

transcription factor that functions to preclude potential associations between promoters 

and enhancers by inducing formation of chromatin structure that physically separates 

the relevant sequences 
(96)

. The CTCF protein is methylation-specific factor. It can 

bind to the unmethylated but not methylated region. The docking of CTCF protein at 

CTCF binding site can act as insulator to prevent accessing of enhancers to promoter 

of farther neighbor gene. In case of CTCF binding at upstream of H19, this protein can 

block the influence of H19 downstream enhancer to the IGF2 promoter. Acquisition of 

methylation on the maternal chromosome in this region or loss of methylation from 
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the paternal chromosome occurs in a highly tumor-specific manner. For example, in 

bladder cancer, paternal hypomethylation leads to biallelic H19 expression 
(97)

. 

4.1.4 Enhancer  

IGF2-H19 imprinting cluster has one shared enhancer at 

downstream. This shared enhancer can trigger both IGF2 and H19 gene expression. 

The mechanism to switch gene action of these 2 imprinted gene members in this 

cluster has been described in the insulator model.  

4.1.5 Differentially methylated region (DMR) of IGF2 

The position of DMR of igf2 was previously defined in mouse. 

Three DMRs disperse along igf2, the DMR0 locates between exon1 and 2, the DMR1 

locates on the upstream of exon3, and the DMR3 locates on exon8 of igf2. In human, 

there are 3 homologous regions to the mouse DMR. However, the methylation study 

using methylated specific enzyme digestion showed that the DMR1 was not 

differentially methylated between parental allele. Therefore, only the homologous 

region to mouse DMR0 and DMR2 were suggested as DMR in human.  

 

[Human Molecular Genetics, 2004; 13(2): 247–55] 

Figure7. The differentially methylated region (DMR) of IGF2. The human IGF2 

has 3 homologous regions to the igf2 DMR in mouse. The methylation study using 

methylation specific enzyme restriction technique showed the different pattern at 

DMR1 between mouse and human. The DMR1 homologous region is not DMR in 

human.      

Thus far, the methylation studied technique has been 

improved. The bisulfite sequencing technique can determine methylation status of 

every CpG site in the interesting region. This technique showed the conflict 
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methylation pattern at DMR1 from the previous technique 
(98)

. They discussed that the 

differential methylation at DMR2 as reported by methylation specific enzyme 

digestion technique may false due to the limitation of enzyme restriction. The 

methylation status could be determined only at the CpG in restriction region. In 

conclusion, the DMR of human IGF2 referred to the homologous region to DMR0 of 

igf2 which locates between exon2 and 3 of IGF2.     

4.1.6 Imprinting control region on the upstream of H19 

The previous study screened methylation status on the 

upstream of H19 including the CTCF binding region and promoter of H19. The CTCF 

binding region can be divided into 7 sub-CTCF binding region (CTCF1 to CTCF7 

binding region). Only the CTCF6 binding region showed the percent methylation 

approximate to 50% whereas other CTCF binding regions showed hypermethylation. 

This region was suggested as DMR of H19.  

 

[Human Molecular Genetics, 2001; 10(23): 2619–26] 

Figure8. The methylation pattern on the upstream of H19. The CTCF6 binding 

region showed percent methylation approximate to 50%. This region was suggested as 

imprinting control region (ICR).  

Many studies showed the association between DNA 

methylation at this region and the gene expression of imprinted gene members in 

IGF2-H19 imprinting cluster.  The CTCF6 was hypothesized to be imprinting 

regulatory region of IGF2-H19 imprinting cluster, called imprinting control region 

(ICR). 
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4.2 The regulatory mechanism to control imprinted gene action in 

IGF2-H19 imprinting cluster (Insulator model) 

The insulator model interprets the cooperation between enhancer and the 

CTCF insulator protein to regulate imprinted gene action in IGF2-H19 imprinting 

cluster 
(99)

. The CTCF6 binding region, or ICR, locates on the upstream of H19. The 

CTCF protein is recruited to bind this region; however, the binding can be interrupted 

by methylation at this region. This CTCF protein acts as insulator protein to block the 

action of long distance downstream enhancer to upregulate IGF2 expression, then, 

switching on the H19 action instead. In normally, the CTCF6 binding region is 

methylated on paternal allele. Therefore, the CTCF protein cannot bind to this region 

on paternal allele. The disappearance of insulator protein allows the downstream 

enhancer to reach IGF2 promoter, but not H19 promoter, resulting in the upregulate 

IGF2 expression. For the maternal allele which is normally unmethylated, the CTCF 

protein can bind to this region. The CTCF insulator protein blocks the interaction 

between downstream enhancer and IGF2 promoter. The downstream enhancer reach to 

the H19 promoter instead and upreguates H19 expression.   

 

[Mol Cancer Res 2006;4(4):283-92] 

Figure9. The imprinted gene action in IGF2-H19 imprinting cluster is regulated 

by DNA methylation. At ICR, the methylation appears on the paternal allele but not 

maternal allele. The CTCF insulator protein binds to this region on maternal allele and 

blocks the interaction between downstream enhancer and IGF2 imprinting promoter. 

Therefore, the downstream enhancer binds to H19 promoter and trigger H19 

expression instead. For the paternal allele, the downstream enhancer can reach to 

imprinting IGF2 promoter due to the absence of insulator protein.       
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According to the insulator model, the DNA methylation at CTCF6 binding 

region, or ICR, is major regulatory factor to control imprinted gene action in IGF2-

H19 imprinting cluster. In addition, the imprinting methylation at DMR is 

concordance with imprinting expression manner. Therefore, the DNA methylation 

pattern at DMR and ICR is interesting factor to control imprinted gene expression in 

IGF2-H19 imprinting cluster which involving in proliferation regulation. The 

methylation at these regions has been study in various cell types such as embryonic 

stem cell, differentiated cells, cancer cells, cells from growth retardation patients’ 

cells. However, it has never been reported in AFS. Therefore, this study would like to 

define methylation at both DMR and ICR in IGF2-H19 imprinting cluster in AFS 

cells. In addition, this study also define methylation pattern separately at different 

passage because the previous studies  suggested that the in vitro environment might 

affect to the DNA methylation pattern by the observation the change of imprinting 

methylation pattern in the prolonged in vitro cultured cells 
(100)

.  

5. Bisulfite sequencing technique 

Bisulfite sequencing technique is a useful tool for DNA methylation study. 

These techniques can define methylation status of every cytosine residue along 

interesting region.  

DNA was treated with sodium bisulfite. This sodium bisulfite react to 

cytosine residue and results in deamination of cytosine to become uracil. The bisulfite 

reaction starts from sulfonation of cytosine at C-6 position followed by hydrolytic 

deamination at C-4 position to produce uracil-sulfonate and end up with desulfonation 

under alkaline conditions.  

However, not all cytosine are affected equally. The reaction for methylated 

cytosine is extremely slow when compare to unmethylated cytosine. Therefore, the 

bisulfite treating at appropriate time can distinguish methylated cytosine from 

unmethylated cytosine. 
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Figure10. The bisulfite reaction 

After bisulfite reaction, the treated DNA was amplified and detected by 

sequencing technique with or without cloning. Cytosine (C) signal from sequencing 

technique refer to unconverted cytosine of methylated cytosine whereas thymidine (T) 

signal refer to converted cytosine of unmethylated cytosine.  
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Figure11. Characterization of methylated and unmethylated cytosine after 

bisulfite treatment 

This study uses bisulfite sequencing with cloning process to determine 

methylation status of interesting CpGs. The cloning step purposes to separate two 

parental alleles in each clone before sequencing. The sequencing information from one 

clone referred to sequence of single allele. Therefore, DNA methylation status can be 

determined in individual allele. 

 

 

Bisulfite conversion reaction 

Polymerase chain reaction 

Bisulfite conversion reaction:  

  

 Unmethylated cytosine 

residues in both sense and 

antisense strand were 

converted to uracil.  

 Both strands become 

uncomplimentary to each 

other. 

Polymerase chain reaction:  

 

 Uracil, by conversion of 

unmethylated cytosine, 

compliment to adenine in 1
st
 

PCR cycle.  

 Adenine compliment to 

thymine in next PCR cycle. 

 Therefore, uracils in template 

strand are replaced by 

thymine in PCR product 

Sequencing:  

 

 C signal represent to 

methylated cytosine. 

 T signal represent to 

unmethylated cytosine. 

Sequencing  
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CHAPTER III 
MATERIALS & METHODS 

 
 
Materials and Reagents 

1. Chemicals and reagents 

Name  

Agar 

Agarose 

Ampicillin 

Boric acid 

Chloroform 

dNTP mix 

Dream Taq polymerase 

EDTA 

Ethanol 

Ethidium bromide 

EZ DNA methylation kit 

Fast start Taq polymerase 

Hundred basepair ladder 

IPTG 

pGEM-T-easy system 

Phenol 

Potassium acetate 

Potassium chloride 

Potassium phosphate  

Primers 

Proteinase K 

Pureyield plasmid miniprep 

Sodium chloride  

Sodium phosphate 

Catalog No. 

FB0010 

1170A 

1A6750 

B-6768 

1.02445.2500 

MBD00R0191 

EP0702 

E-5134 

1.00893.2500 

160539 

D5001 

12032902001 

MBDOSM0241 

DB0168 

A1360 

1.00206.0250 

P-1190 

P-9541 

P-0662 

HAP-100 

03115879001 

A1221 

S-3214 

S-9763 

Company 

Bio Basic, Canada 

Research Organics, USA 

GPO, Thailand 

Sigma, USA 

MERCK, Germany 

Fermentas, Canada 

Fermentas, Canada 

MERCK, Germany 

Sigma, USA 

Sigma, USA 

Zymo research, USA 

Roche, USA 

Fermentas, Canada 

Bio Basic, Canada 

Promega, USA 

MERCK, Germany 

Sigma, USA 

Sigma, USA 

Sigma, USA 

Bio Basic, Canada 

Roche, USA 

Promega, USA 

Sigma, USA 

Sigma, USA 
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Name  

Sodiumdodecylsulfate 

Sucrose 

Trizma base  

Tryptone powder 

X-gal 

Yeast extract 

Catalog No. 

L-4390 

21938 

T-1503 

G-211 

DB0083 

G-0961 

Company 

Sigma, USA 

Amersham, USA 

Sigma, USA 

Bio Basic, Canada 

Bio Basic, Canada 

Bio Basic, Canada 

2. Equipments and instruments 

Name 

Autopipette pipetman (20, 100, 1000) 

Electrophoresis  

Gel document 

Hot air oven 

Hot plate stirrer 

Microcentrifuge  

Milli Q 

Nanophotometer 

pH meter 

Refrigerator (-20
o
C) 

Refrigerator (4
o
C) 

Refrigerator (-80
o
C) 

Shaker 

Spindown  

Thermocycler 

Waterbath 

Company  

Gilson, France  

Biorad, Italy 

Biorad, Italy 

Heraeus,UK 

Thermolyne, USA 

Heraeus,UK 

Millipore, USA 

Implen, Germany 

Thermo, USA 

Sanyo, Japan 

Sharp, Japan 

Sanyo, Japan 

Hoefer, USA 

Wealtec, USA 

Labnet, USA 

GFL, USA 

3. Miscellaneous 

Name 

Liquid Nitrogen 

Microcentrifuge tube (0.5, 1.5 ml) 

Pipette tips (P10, P200, P1000) 

Autoclave 

Company 

Taylor-Wharton, USA 

Axygen Scientific Inc., USA 

Axygen Scientific Inc., USA 

Huxley, Germany 
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Methods  

1. Amniotic fluid stem cell sample 

The amniotic fluid stem cell was expanded by Unit of Stem Cell Research 

and Development for Medical Therapy, Department of Obstetrics and Gynecology, 

Faculty of Medicine of Siriraj Hospital. Two amniotic fluid stem cell lines were 

derived from the isolated cell from MACS technique using human CD117 Microbead 

kit (no.130-091-332, Miltenyi Biotec, Germany) according to Manufacturer’s 

instruction. Briefly, five milliliters of amniotic fluid from 14-18 weeks pregnancy was 

centrifuged at 2,000 rpm for 10 minutes, then, resuspended in 300 µL buffer 

(Phosphate buffer saline at pH 7.2, 0.5% BSA and 2 mM EDTA by diluting MACS 

BSA Stock Solution 1:20 with AutoMACS Rinsing Solution). A hundred microliters 

FcR Blocking reagent and 100 µL CD117 Microbeads was then added to cell 

suspension followed by incubation at 4
o
C for 15 minutes. After incubation, cell was 

washed with 1 mL buffer and collected by centrifugation at 2,000 rpm for 10 minutes. 

During centrifugation, the magnetic separation column was placed in magnetic field 

and rinsed with 500 µL of buffer. After that, the collected cell was resuspended in 500 

µL buffer and transferred to prepared magnetic column. It was left at room 

temperature until it was empty and followed by rinsing with 500 µL buffer for three 

times. The column was removed from the magnetic field and placed on a collection 

tube containing α-MEM medium followed by elution with 1 mL buffer before seeding 

on culture flask. These c-kit positive cell was cultured in AFS medium until it was 

80% confluent before subculturing to the next passage. For subculturing process, the 

cell was washed twice with phosphate buffer saline (PBS
-
) before it was detached by 

0.25% tripsin-EDTA. Trypsinization reaction was stopped by the addition 2 volume of 

AFS medium. Following centrifugation at 2,800 rpm for 5 minutes, the cell pellet was 

resuspended in 1 mL AFS medium before seeding onto a 25 cm
2
 culture flask. This 

cell was expanded until harvesting at passage 8 (P8) and passage 15 (P15).  

Another six amniotic fluid stem cell lines were isolated and expanded by 

the starter cell technique. In brief, five milliliters of the amniotic fluid was obtained 

from 14-18 weeks pregnant women. The amniotic cell was collected by centrifugation 

at 2,800 rpm for 5 minutes, then, resuspension in AF culture medium before seeding 

onto a 60 mm
2
 non-treated tissue culture dish. Following incubation at 37

o
C, 5%CO2, 
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5%O2 for 48-60 hours, the cell was further cultured in AFS medium for 48 hours. Each 

clone was detached by trypsinization using fine pipette tip to handle directly. It was 

seeded onto a 24-well non-treated plate and cultured until the cells reached 70% 

confluence. Following trypsinization, the cell was diluted to 3% cell concentration in a 

total volume of 10 mL. A hundred microliters was applied to each well of a 96-well 

non-treated plate. After culturing at 37
o
C, 5%CO2, 5%O2 for 7 days, the AFS medium 

was changed and further cultured until 70% cell confluent before the cell was 

expanded gradually in a 24-well plate, a 6-well plate, a 25 mm
2
 flask and a 75 mm

2
 

flask. The Amniotic fluid stem cell was harvested at P8 and P15. 

2. DNA extraction 

Amniotic fluid stem cell was harvested by trypsinization. It was washed 

twice with 1 mL phosphate buffer saline (PBS
-
) and recovered by centrifugation for 5 

minutes at 10,000 rpm (75008162 rotor, Heraeus labofuge 400R, UK). The pellet was 

resuspended with 500 µL homogenized buffer (0.1M NaCl, 0.2M sucrose, 0.01M 

EDTA, 0.3M Tris-base pH8.0) followed by adding 40 µL of 10% SDS and 10 µL 

Proteinase K, and incubation at 37
o
C overnight (8-12 hours) or 52

o
C for 3 hours. 

Then, 8M potassium acetate 100 µL was added and incubated at 4
o
C for 1 hour (vortex 

every 10 minutes) followed by centrifugation at 4
o
C, 10,000 rpm for 15 minutes. The 

clearance supernatant was mixed with 1 mL of phenol:chloroform (1:1), centrifuged at 

4
o
C, 10,000 rpm for 5 minutes. Then, the upper phase was mixed with 500 µL of 

chloroform before centrifugation at 4
o
C, 10,000 rpm for 5 minutes. After that, the 

upper phase was mixed with 1 mL of absolute ethanol and left at room temperature for 

2 hours (or at -20
o
C overnight) before DNA pellet recovering by centrifugation at 4

o
C, 

12,000 rpm for 15 minutes. The DNA pellet was washed with 1 mL of 70% ethanol 

and recovered by centrifugation at 4
o
C, 10,000 rpm for 15 minutes and dried in room 

temperature. DNA pellet was finally solubilized with 20-30 µL of deionized distilled 

water. The DNA suspension was further analyzed by nanodrop spectrophotometry to 

define Purity (A260/280 approximate to 1.8) and concentration. 
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3. Bisulfite treatment 

The DNA was treated using commercially available EZ DNA methylation 

kit (D5001, zymo research) according to the manufacturer’s instruction manual. First, 

the DNA was calculated for 1 µg. This DNA was mixed with 5 µL of M-dilution 

buffer and adjusted the total volume up to 50 µL with deionized distilled water before 

incubation at 42
o
C for 30 minutes. A hundred microliters of CT-conversion buffer was 

mixed to the DNA sample and followed by incubation at 50
o
C for 16 hours in the 

dark. After incubation, the sample was further incubated at 4
o
C for 10 minutes (DNA 

thermal cycler 480, Perkin Elmer). A few minute before reach incubation time, 400 µL 

M-binding buffer was transferred into Zymo-spin IC™ column, which placed on 

collecting tube. Then, the treated DNA was mixed with M-binding buffer in column, 

and centrifugation at 13000 rpm for 30 seconds. The column was washed once with 

100 µL of M-wash buffer followed by adding 200 µL of M-desulphonation buffer and 

left at room temperature for 20 minutes. After incubation, it was centrifuged and 

washed twice with 200 µL of M-wash buffer. Finally, the column was placed on 1.5 

mL microtube before adding 20 µL of M-elution buffer directly to the filter and 

centrifuged at 13000 rpm for 1 minute. The bisulfite treated DNA were kept at -20
o
C. 

4. Defining of interesting region and gene information 

4.1 Differentially methylated region (DMR) of IGF2 

The sequence of DMR of IGF2 referred to GenBank accession no.Y13633. 

The methylation pattern in this region has been studied in several cell types. The 

interesting site in this region composed of 3 CpGs which shown as yellow label in 

Figure12. 
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4.2 CTCF6 binding region on the upstream of H19 

The CTCF6 binding region was intensively studied region. There were 

several reference sequences to define gene information in this region such as GenBank 

accession no.AF087017, AF125183, AC004556, U50731 and M32053. All reference 

sequences were aligned to each other, then, defining the interesting CpGs in the 

chosen reference sequence, GenBank accession no.AF087017. The interesting site in 

this region was 5 CpGs of CTCF6 binding region, yellow label in Figure14. 

 

Figure13. CpG position of individual CTCF binding site within CTCF binding 

region on the upstream of H19 gene  
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5. Primer design 

The primer for methylation study was designed using online MethPrimer 

program (http://www.urogene.org/ methprimer/index1.html). The genomic sequence 

in FASTA format of interesting region was input to the program and marked “Pick 

primers for bisulfite sequencing PCR or restriction PCR”.. 

 

Figure15. The feature of online MethPrimer program which is a bioinformatics 

tool to design primer for methylation studied 
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This program could specify forward and reverse annealing sites by 

numbering in the “target” blank. Moreover, the advance options were able to set up for 

more specific parameters such as product size, primer Tm, primer size, etc. After 

setting all parameters properly, the “submit” button was clicked. The program would 

take a few minutes before the appropriate primer pair sequences were shown.  

The specificity of each primer was further validated using online 

MethBLAST program (http://medgen.ugent.be/methBLAST/). 

 

Figure16. The feature of MethBlast online program the bioinformatics tool to 

calculate specificity of primer pairs 

The forward primer sequence from MethPrimer program was filled in 

“forward” blank whereas the reverse primer sequence was filled in “reverse” blank. 

After submitting the data, the program showed the probable amplified region in the 

whole genome. Only the primer pairs which specific to the interesting region were 

chosen (Table3).     
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6. Polymerase chain reaction (PCR) 

The nested-touchdown PCR was performed to amplify the CTCF6 binding 

region. For the first reaction of nested PCR, 4 µL of bisulfite treated DNA was mixed 

with PCR reagent containing 1X Fast Start Taq Buffer with 2 mM MgCl2, 0.5 µM 

H19outer F primer (5’-GGAATAATGAGGTGTTTTAGTTTTA-3’), 0.5 µM 

H19outer R primer (5’-CTAACCACTTAAAACTAAAAAAATC-3’), 0.2 mM dNTP, 

and 1U Fast Start Taq polymerase in total volume 20 µL. The reaction was started 

with an initial step at 95
o
C for 4 minutes followed by 10 cycles of touchdown PCR 

(denaturation step at 95
o
C for 45 seconds, annealing step at 57

o
C for 1 minute at first 

cycle and gradually decrease 1
o
C in each cycle and ended up with another extension 

step at 72
o
C for 1 minute). Then, the reaction continued to 40 cycles of general PCR 

(denaturation at 95
o
C for 45 seconds, annealing at 51

o
C for 1 minute, extension at 

72
o
C for 1 minute) and ended up with final extension at 72

o
C for 10 minutes before 

holding the reaction at 4
o
C. Furthermore, 5 µL of PCR product from the first reaction 

was amplified using the same condition except H19inner F primer (5’-

GTAGGGTTTTTGGTAGGTATAGAGT-3’) and H19inner R primer (5’-

CACTAAAAAAACAATTATCAATTC-3’) were added. 

The touchdown PCR was used to amplify the IGF2 gene. Its reaction was 

composed of 6 µL of bisulfite treated DNA, 1X Fast Start Taq Buffer, 1.5 mM MgCl2, 

0.2 mM dNTP, 0.5 µM IGF2 F primer (5’-TAATTTATTTAGGGTGGTGTTTGTG-

3’), 0.5 µM IGF2 R primer (5’-CAAACCTAAACCCTATCCCATC-3’) and 1U Fast 

Start Taq Polymerase in total volume 20 µL. Reaction was preheated at 95
o
C for 3 

minutes and followed by PCR 50 cycles with 3 different annealing temperatures. The 

first annealing temperature was at 65
o
C (denaturation at 95

o
C for 45 seconds, 

annealing at 65
o
C for 45 seconds, extension at 72

o
C for 1 minute) for 5 cycles and 

followed by another 5 cycles with annealing temperature at 62
o
C (denaturation at 95

o
C 

for 45 seconds, annealing at 62
o
C for 45 seconds, extension at 72

o
C for 1 minute) and 

continue to 45 cycles with annealing temperature at 57
o
C (denaturation at 95

o
C for 45 

seconds, annealing at 57
o
C for 45 seconds, extension at 72

o
C for 1 minute) and end up 

with final extension at 72
o
C for 10 minutes before holding at 4

o
C. 

The PCR product was further detected by horizontal agarose gel 

electrophoresis. Three percent agarose gel was prepared and sank in 1X TBE in 
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electrophoresis chamber. The mixing of 6X loading dye to 1 µL of 100 basepair-DNA 

molecular weight marker, and 3 µL PCR product was loaded separately into each well. 

Then, the chamber was given electricity 100V for 60 minutes. After that, the gel was 

stained with ethidium bromide (EtBr) for 1 minute and destained in 1X TBE for 4 

minutes. Finally, the electrophoretic result was detected and recorded using 

GelDocument (Figure17).  

(A) (B) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure17. (A) PCR product detection by electrophoresis technique. PCR product 

was separated in 3% agarose gel under electric field 80 volts for 90 minutes. The 1
st
 

lane was 100 bp DNA marker, 2
nd

 lane was PCR product 602 bp of H19 outer CTCF6, 

3
rd

 lane was PCR product 504 bp of H19 inner CTCF6 and 4
th

 lane was PCR product 

471 bp of IGF2 DMR. (B) Invert image of PCR product.  

7. DNA cloning  

7.1. Competent cell preparation 

The E.coli JM109 cells were thawed and streaked onto LB agar without 

ampicillin (LB w/o Amp
-
 agar) followed by incubation at 37

o
C for 14-16 hours. A 

single colony was picked up into 3 mL of LB broth without ampicillin (LB w/o Amp
-
 

broth) and shaked at 37
o
C for 12-14 hours. One milliliter cell suspension was 

inoculated into 100 mL of LB w/o Amp
-
 broth and shaked at 37

o
C for 8 hours. After 

About 602 bp 

About 504 bp 

About 471 bp 
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incubation, each 45 mL cultured cells were aliquoted to 50 mL-tube and stored on ice 

for 10 minutes. The cells were pelleted by centrifugation at 3,000 rpm at 4
o
C for 10 

minutes. Then, the cell pellet was resuspended in 10 mL of cold RF1 and placed on ice 

for 30 minutes. After that, the cell was pelleted and resuspended in 2.5 mL of cold 

RF2 followed by stored on ice for 15 minutes. Each 100 µL of cell suspension was 

aliquoted to 1.5 mL-microcentrifuge tube and rapidly frozen in liquid nitrogen before 

stored at -80
o
C. 

7.2. Recombinant DNA construction 

The PCR product was ligated to pGEM plasmid using pGEM-T-easy 

vector system (A3600, Promega, WI) as manufacturer’s instruction. Ligation reaction 

was composed of 5 µL of 2X Rapid Ligation Buffer, 1 µL of 50 ng/µL pGEM-T-easy 

vector, 1 µL of 3Weiss units/µL T4 DNA Ligase and 3 µL of PCR product. This 

solution was incubated at 16
o
C for 12 hours and could be stored at -20

o
C until 

transformation. 

7.3. Transformation  

One-hundred µL of JM109 competent cell in a 1.5 mL-microcentrifuge 

tube was thawed on ice for 5 minutes before mixing with the ligation reaction 

followed by stirring gently using a pipette tip and incubated on ice for 30 minutes. 

After incubation, the cells were heated at 42
o
C for 50 seconds before they were placed 

on ice immediately and further stored on ice for 5 minutes. Then, 900 µL of LB broth 

without ampicillin was added before shaking the cells at 37
o
C for 1 hour. IPTG/X-

gal/ampicillin LB agar was freshly prepared in the dark. Forty microliters of 100 mM 

IPTG, 40 µL of 20% X-gal and LB broth without ampicillin were mixed together 

before spreading onto LB agar containing ampicillin. The incubated cells were then 

collected by centrifugation at 10,000 rpm for 5 minutes. Nine hundred microliters of 

supernatant was pipetted out before spreading the left 100 µL cell suspension onto the 

IPTG/X-gal/ampicillin LB agar plate and incubated at 37
o
C for 16-20 hours. 

7.4. Colony selection 

The LB agar containing ampicillin was prepared and poured into petri 

dishes. The table was drawn under this plate. Each block was numbered sequentially 

(Figure18). This plate was called a master plate. Only white colonies detected on the 

Amp
+
/X-gal/IPTG LB agar from the transformation step (step 6.3) was subcultured to 
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the master plate. Then, it was cultured at 37
o
C for 12 hours. After incubation, DNA 

insert in individual clones were further verified by PCR. The PCR reaction composed 

of 1X Dream Taq buffer with 2 mM MgCl2, 0.5 µM primer (H19 inner primer pair or 

IGF2 primer pair depending on the inserted fragment in recombinant construction 

step), 0.2 mM dNTP and 0.5U Dream Taq polymerase in a total volume of 10 µL. 

Each clone was picked up and resuspended in a PCR master mix solution. The 

reaction was started with preheated step at 95
o
C for 5 minutes followed by 30 cycles 

of denaturation at 95
o
C for 45 seconds, annealing at 52

o
C for 45 seconds, extension at 

72
o
C for 1 minute and followed by a final extension at 72

o
C for 10 minutes before 

holding at 4
o
C. The PCR product was further analyzed by 3% agarose gel 

electrophoresis under 100V for 60 minutes. Only clones with the appropriate PCR 

product were picked up from the master plate and cultured in 3 mL of LB broth with 

ampicillin at 37
o
C for 12 hours. For each sample, at least 8 clones were selected.  

(A)                 (B)                               

 

 

 

 

 

 

 

 

 

Figure18. (A) colony screening blue and white colony formation on IPTG/x-

gal/amplicillin LB agar plate (B) master plate the numbering colony for further 

recombinant DNA selection 
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Figure19. Recombinant DNA selection by PCR technique 

8. Plasmid minipreparation 

Plasmid DNA was extracted from the selected clones using PureYield 

Plasmid Miniprep System (A1221 Promega, USA) according to the Manufacturer’s 

instruction. The 1.5 mL of cultured cell were transferred to a 1.5 mL microtube and 

harvested by centrifugation at 13,000 rpm for 5 minutes before removal of supernatant 

and followed by adding another 1.5 mL of cultured cell into the same tube and mixed 

with 100 µL of cell lysis buffer.   After that, 350 µL of cold neutralization solution 

was mixed before centrifugation at maximum speed for 3 minutes. The supernatant 

was then transferred to the column which placed into the collecting tube before 

centrifugation at maximum speed for 15 seconds. Two-hundred µL of the Endotoxin 

Removal Wash was subsequently added into the column and centrifuged for 15 

seconds before the column was washed with 400 µL using the Column Wash Solution 

and centrifuged for 30 seconds. Finally, the column was placed into a new 1.5 mL 

microtube and let stand for 1 minute at room temperature before centrifugation at 

maximum speed for 15 seconds.  
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9. Sequencing  

Totally the 256 plasmids of the selected clone (8 clons x 8 cell lines x 2 

passages x 2 regions) were analyzed using sequencing technique. Details of each 

plasmid i.e. the sample name, vector name, primer name, plasmid concentration, and 

product size were shown in Figure20 before sending to Ramathibodi Hospital, 

Thailand, and 1
st
 Base Company, Malaysia, for commercially sequencing 

For the clones containing CTCF6 binding region, the H19 inner forward 

primer was used as a sequencing primer. For the clones containing DMR of IGF2, the 

IGF2 DMR forward primer was used as sequencing primer.  
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Figure20. The sequencing order form. The sample’s name, plasmid’s name, plasmid 

concentration was filled in the form.  
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10. Data analysis 

The sequencing result was converted to FASTA format by Chromas 

program. 

 

Figure21. Sequencing data. The result from an automate sequencer is .abl file 

This sequence in FASTA format was further aligned to gene reference 

sequence, H19 (GenBank accession no.AF087017 nucleotide 6001-6600) or IGF2 

gene (GenBank accession no.Y13633 nucleotide 601-1200) according to the type of 

sequencing primer, using BiQ Analyzer program. This program converted cytosine (C) 

of non-CpG in reference sequence to thymine (T) before pairwise alignment with the 

sequencing result. Stars were marked underneath the perfect match nucleotide 

sequence between reference sequence and test sequence. The remaining cytosine at 

CpG site implied the methylated pattern (orange color label) whereas the converted 

thymine at CpG site implied the unmethylated pattern (purple color label). 

   



Sujeeporn Sripradite   Materials and Methods / 52 
 

 

Figure22. DNA methylation pattern was analyzed by BiQ Analyzer program 

Methylation pattern from BiQ Analyzer program could be symbolized by 

filled and blank circle. The methylated pattern (orange label) was represented by filled 

circle (●) whereas the unmethylated pattern (purple label) was represented by blank 

circle (○). For the CTCF6 binding region on the upstream of H19, there are 5 

interesting CpG sites and their methylation status were represented by 5 continuous 

circles. For the DMR of IGF2, there are 3 interesting CpG sites and their methylation 

status were represented by 3 continuous circles (Figure23) 
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Figure23. Methylation pattern of interesting CpG dinucleotide. Filled circle 

referred to methylated CpG, blank circle referred to unmethylated CpG. 

The methylation patterns of 256 clones were categorized into individual 

cell line at each passage. Therefore, each sample showed 8 methylation patterns. Some 

methylation patterns were found repeatly in several clones from the same sample, thus, 

the methylation pattern could be grouped. Each group of methylation pattern which 

found in each sample represented the methylation pattern of that sample.    
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CHAPTER IV 

RESULT 

 

 

1. The exploration of DNA methylation pattern at ICR and DMR in 

IGF2-H19 imprinting cluster of Amniotic Fluid Stem Cell (AFS) 

This study explored the DNA methylation pattern at Imprinting Control 

Region (ICR) and Differentially Methylated Region (DMR) in IGF2-H19 imprinting 

cluster in Amniotic Fluid Stem Cell (AFS). The ICR of this cluster locates about 2 kb 

on the upstream of H19, known as CTCF6 binding site, whereas the DMR locates 

between exon2 and 3 of IGF2. 

 

Figure24. Location of the interesting ICR and DMR in IGF2-H19 imprinting 

cluster. The IGF2-H19 imprinting cluster composes of 2 imprinted gene members; the 

IGF2 locates on the upstream-side whereas H19 locates on the downstream of IGF2 

(each boxes). The CTCF1 to 7 binding sites embeds between those two gene members 

(diamonds) and the enhancer is on the downstream of cluster (E-circle). The 

interesting ICR is represented by black-white diamond of the sixth CTCF binding site 

whereas the DMR is represented by black-white circle in IGF2. 

1.1. Imprinting Control Region (ICR) on the upstream of H19 

The bisulfite sequencing analysis showed methylation pattern of every 

CpGs in the interesting region. The methylated cytosine was detected as CpG from 

sequencing technique and represented by black circle (●) whereas the unmethylated 

cytosine was detected as TpG and represented by white circle (○). The exploring of the 

DNA methylation pattern at CTCF6 binding region and other CpG nearby this region 

included 3 CpGs on the upstream of CTCF6 binding region followed by 5 CpGs of 

CTCF6 binding region and 2 CpGs on the downstream of CTCF6 binding region. It 

showed the fully methylated pattern (●●● ●●●●● ●●) in almost all samples, except 

for 2FP8. This fully methylated pattern (●●● ●●●●● ●●) with ●○● ○○○○○ ○○ was 
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found as major pattern in 11 samples such as T8P8, T11P8, T18P8, T21P8, 2FP15, 

6AP15, CL8P15, CL9P15, T8P15, T11P15, T18P15, and T21P15. For sample 6AP8, 

the major methylation pattern was similar to those 11 samples but there was gain of 

methylation at CpG1 of CTCF6 binding region of pattern ●○● ○○○○○ ○○ therefore 

the major methylation pattern of 6AP8 was the combination of fully methylated 

pattern (●●● ●●●●● ●●) with pattern ●○● ●○○○○ ○○. For the sample 2FP8, the 

major methylation pattern was quite different from others. There was not any fully 

methylated or unmethylated pattern in 2FP8, only the alternative pattern (●●● ●○●●○ 

●● and ●○● ●●○○● ○○) was found. The alternative pattern ●●● ●○●●○ ●● was also 

found as one major methylation pattern of CL9P8 and in T21P8. The other 

methylation pattern such as ●○○ ○○○●● ○○ was found in CL8P8 and T18P15 

whereas fully unmethylated pattern was found in T18P15.  

According to this exploring of DNA methylation pattern at CTCF6 binding 

region, it could be concluded that the highest frequent major methylation pattern 

(11/16) of amniotic fluid stem cell was ●●● ●●●●● ●● with ●○● ○○○○○ ○○ even 

though some other patterns were also found occasionally such as major pattern ●●● 

●○●●○ ●● with pattern ●○● ●●○○● ○○ in 2FP8 and the major pattern of ●●● 

●●●●● ●● with ●○○ ○○○●● ○○ in CL8P8. Most samples (10/16) could be found 

only 2 major methylation patterns; however, some samples (6/16) appeared 

methylation pattern more than 2 patterns.    
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Figure25. Methylation pattern around CTCF6 binding region on the upstream of 

H19. The methylated CpG is represented by filled circle (●) whereas the unmethylated 

CpG is represented by blank circle (○). Five CpGs of CTCF6 binding region showed 

in square. 



Fac. of Grad. Studies, Mahidol Univ.   M.Sc. (Biochemistry) / 57 

 

 

 

 

 

2F P8 (4) 

 (4) 

 

2F P15 (5) 

 (3)  

 

6A P8 (1) 

 (6) 

 (1) 

 

6A P15 (5) 

 (2) 

 (1) 

 

CL8 P8 (5) 

 (3) 

 

CL8 P15 (4) 

 (3) 

 (1) 

 

CL9 P8 (4) 

 (3) 

 (1) 

   

CL9 P15 (6) 

 (2) 

 

 

IGF2 H19  



Sujeeporn Sripradite   Result / 58 

 

 

 

 

 

T8 P8  (4) 

 (4) 

 

T8 P15 (5) 
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Figure26. The frequency of particular DNA methylation pattern around CTCF6 

binding region of individual AFS samples 

IGF2 H19  
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For the consideration of methylation pattern at CpG site by site, both 

methylated pattern and unmethylated pattern could be found at same CpG from the 

different major methylation patterns. This pattern was called the differentially 

methylated pattern and represented by black-white circle ( ). Besides, some sample 

showed only methylated pattern at the same CpG from all major methylation pattern, 

called hypermethylated CpG and represented by filled circle ( ). The definition of 

methylation pattern around CTCF6 binding region found that the first and third of 3 

CpGs on the upstream of CTCF6 binding region was hypermethylated in 13/16 

samples (81.25%) and 10/16 samples (62.5%), respectively, whereas the second of 3 

CpGs on the upstream of CTCF6 binding region showed the differentially methylated 

pattern. In CTCF6 binding region, the CpG1, 4 and 5 was hypermethylated in 1/16 

samples (6.25%) whereas the CpG2 and 3 was differentially methylated pattern. For 

the downstream of CTCF6 binding region, both 2 CpGs showed hypermethylation in 1 

of 16 samples (6.25%). 

Therefore, the hypermethylation was frequently found at the first and third 

of 3 CpGs on the upstream of CTCF6 binding region whereas the CpG1, 4, and 5 of 

CTCF6 binding region and 2 CpGs on the downstream was rarely found 

hypermethylation. The different methylation pattern without any hypermethylation 

from all samples could be found at the second CpG on the upstream of CTCF6 binding 

region and the CpG2 and 3 of CTCF6 binding region. 
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Sample CpG CpG CpG 
CTCF6 binding region 

CpG CpG 
CpG1 CpG2 CpG3 CpG4 CpG5 

2F P8           

2F P15           

6A P8           

6A P15           

CL8 P8           

CL8 P15           

CL9 P8           

CL9 P15           

T8 P8           

T8 P15           

T11 P8           

T11 P15           

T18 P8           

T18 P15           

T21 P8           

T21 P15           

 

Table4. Methylation status at each CpG site around CTCF6 binding region. The 

methylation status at each CpG site (each circle) came from the overall methylation 

pattern from all 8 selected clones in individual samples. The specific CpG site which 

showed methylation pattern in all 8 selected clones was called hypermethylated CpG 

site, represented by fully filled circle ( ). The specific CpG site which showed both 

methylation and unmethylation pattern in 8 selected clones was called differential 

methylated CpG, represented by half filled circle ( ). 
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1.2. Differentially Methylated Region (DMR) of IGF2 

The exploring of the DNA methylation pattern at DMR of IGF2 and other 

CpGs nearby this region included 3 CpGs in DMR of IGF2 followed by 3 CpGs on the 

downstream of this region. The detectable methylation pattern was mainly in DMR of 

IGF2 whereas the methylation pattern of further CpG could be defined only in some 

clones. The pattern ○○● was found in almost all samples, except for the T8P8. This 

methylation pattern (○○●) with pattern ●●○ was the major methylation pattern in 14 

samples such as 2FP8, 6AP8, CL8P8, CL9P8, T11P8, T18P8,, T21P8, 2FP15, 

CL8P15, CL9P15, T8P15, T11P15, T18P15, and T21P15. For the other 2 samples, 

their methylation patterns were various. The methylation pattern in T8P8 showed ●○●, 

○●○ and ○●● whereas the methylation pattern of 6AP15 was ○○●, ○●●, ●○● and 

●○○.  

According to this exploring of DNA methylation pattern at DMR of IGF2, 

it could be concluded that the highest frequent major methylation pattern (14/16) of 

DMR of IGF2 was ○○● with ●●○ even though some other patterns were also found 

occasionally such as pattern ●○● in T8P8 and 6AP15, pattern ○●○ in 2FP8 and T8P8, 

pattern ●○○ in 2FP15, 6AP15 and CL9P15, and pattern ○●● in T8P8 and 6AP15. 

Most samples (10/16) could be found only 2 major methylation patterns; however, 

some samples (6/16) appeared methylation pattern more than 2 patterns. 
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Figure27. Methylation pattern around the DMR of IGF2. The methylated CpG is 

represented by filled circle (●) whereas the unmethylated CpG is represented by blank 

circle (○). Three CpGs of DMR of IGF2 showed in square. 
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Figure28. The frequency of particular DNA methylation pattern around DMR of 

IGF2 of individual AFS samples 

IGF2 H19  
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For the consideration of methylation pattern at CpG site by site, both 

methylated pattern and unmethylated pattern could be found at same CpG from the 

different major methylation patterns. This pattern was called the differentially 

methylated pattern and represented by black-white circle ( ). Besides, some sample 

showed only unmethylated pattern at the same CpG from all major methylation 

pattern, called hypomethylated CpG and represented by blank circle ( ). The 

definition of methylation pattern around DMR of IGF2 found that all 3 CpGs at DMR 

of IGF2 was differential methylation in all samples (100%). For the downstream of 

DMR, the detectable methylation pattern showed high frequency (11/16 samples) of 

hypomethylation at the first CpG next to DMR of IGF2. 

The study showed that the methylation pattern of this region was 

differential methylated therefore this region was DMR in amniotic fluid stem cell. 
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Sample 
DMR of IGF2 

CpG CpG CpG 
CpG1 CpG2 CpG3 

2F P8       

2F P15       

6A P8       

6A P15      N 

CL8 P8       

CL8 P15       

CL9 P8       

CL9 P15       

T8 P8     N N 

T8 P15       

T11 P8       

T11 P15       

T18 P8       

T18 P15       

T21 P8       

T21 P15       

 

Table5. Methylation status at each CpG site around DMR of IGF2. The 

methylation status at each CpG site (each circle) came from the overall methylation 

pattern from all 8 selected clones in individual samples. The specific CpG site which 

showed methylation pattern in all 8 selected clones was called hypermethylated CpG 

site, represented by fully filled circle ( ). The specific CpG site which showed both 

methylation and unmethylation pattern in 8 selected clones was called differential 

methylated CpG, represented by half filled circle ( ). 
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2. The comparing of DNA methylation pattern at ICR and DMR in 

IGF2-H19 imprinting cluster between AFS passage8 (P8) and 

passage15 (P15) 

2.1. Imprinting Control Region (ICR) on the upstream of H19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure29. Methylation pattern of CTCF6 binding region on the upstream of H19. 

The methylated CpG is represented by filled circle (●) whereas the unmethylated CpG 

is represented by blank circle (○). Five CpGs of CTCF6 binding region showed in the 

square.
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The methylation pattern of CpGs in CTCF6 binding region was shown in 

pair of P8 and P15 sample by sample (Figure30). This section would interpret the 

alteration of methylation pattern of CpG in CTCF6 binding region between P8 and 

P15 using flanking region to indicate the different pattern. For the AFS 2F, the major 

methylation pattern at P8 was (●●●)●○●●○(●●) with (●○●)●●○○●(○○) and the 

major methylation pattern at P15 was (●●●)●●●●●(●●) with (●○●)○○○○○(○○). The 

pattern ●○●●○ at P8 might gain more methylation and become ●●●●● at P15 whereas 

the other major pattern ●●○○● at P8 lost some methylation and become ○○○○○ at 

P15. For the AFS 6A, the pattern (●●●)●●●●●(●●) remained in both P8 and P15 

whereas other 2 major methylation patterns at P8 were similar to 2 major methylation 

patterns at P15, the pattern (●○●)●○○○○(○○) at P8 similar to (●○●)○○○○○(○○) at 

P15 and the pattern (○○○)○○○○○ at P8 similar to (○○○)○○●○● at P15. For the AFS 

CL8, the pattern (●●●)●●●●●(●●) was found in both P8 and P15 whereas another 

major pattern (●○○)○○○●●(○○) at P8 did not appear at P15 but the pattern 

(●○●)○○○○○(○○) and (○○○)○●●●● were found at P15 instead. For the AFS CL9, the 

fully methylated (●●●)●●●●●(●●) and unmethylated pattern (●○○)○○○○○ were 

found in both P8 and P15 whereas the pattern (●●●)●○●●○(●●) was found only at P8. 

This ●○●●○ pattern might gain methylation and become ●●●●● at P15. For the AFS 

T8, T11, T18, and T21, the major methylation pattern at P8 was same as P15. The 

pattern (●●●)●●●●●(●●) with (●○●)○○○○○(○○) was found in both different 

passages. However, the other patterns appeared in some samples such as the pattern 

(○○○)○○○○○(○○) at P15 of T18 and the pattern (●●●)○○●●○(●●) at P8 of T21. The 

pattern (●●●)○○●●○(●●) of T21 was found at P8 and disappeared at P15 as same as 

AFS CL9. 

The comparative of methylation pattern between P8 and P15 showed that 

the highest frequent pattern was (●●●)●●●●●(●●) with (●○●)○○○○○(○○). However, 

there were gain and loss of methylation in some pattern along in vitro culture.    
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Figure30. The frequency of particular DNA methylation pattern of interesting 

CpG site in CTCF6 binding region  

IGF2 H19  
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For the consideration of methylation pattern at CpG site by site, both 

methylated pattern and unmethylated pattern could be found at same CpG from the 

different major methylation patterns. This pattern was called the differentially 

methylated pattern and represented by black-white circle ( ). Besides, some sample 

showed only methylated pattern at the same CpG from all major methylation pattern, 

called hypermethylated CpG and represented by filled circle ( ). The definition of 

methylation pattern at CTCF6 binding region in each 2 different passages found that 

only P8 could be found hypermethylation at some CpGs in CTCF6 binding region. 

The hypermethylation at CpG1, CpG4, and CpG5 was found in 1 of 8 AFS lines  

(12.5%) at P8 whereas the others showed differentially methylated pattern.  

Therefore, the CTCF6 binding region was DMR in amniotic fluid stem cell 

even though some hypermethylation was found in P8.  

 

Sample 

P8 

CTCF6 binding region Sample 

P15 

CTCF6 binding region  

CpG1 CpG2 CpG3 CpG4 CpG5 CpG1 CpG2 CpG3 CpG4 CpG5 

2F P8      2F P15      

6A P8      6A P15      

CL8 P8      CL8 P15      

CL9 P8      CL9 P15      

T8 P8      T8 P15      

T11 P8      T11 P15      

T18 P8      T18 P15      

T21 P8      T21 P15      

 

Table6.  Methylation status of each interesting CpG site in CTCF6 binding region 

at different passages. The methylation status at each CpG site (each circle) came 

from the overall methylation pattern from all 8 selected clones in individual samples. 

The specific CpG site which showed methylation pattern in all 8 selected clones was 

called hypermethylated CpG site, represented by fully filled circle ( ). The specific 

CpG site which showed both methylation and unmethylation pattern in 8 selected 

clones was called differential methylated CpG, represented by half filled circle ( ). 
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2.2. Differentially Methylated Region (DMR) of IGF2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure31. Methylation pattern of the DMR of IGF2. The methylated CpG is 

represented by filled circle (●) whereas the unmethylated CpG is represented by blank 

circle (○). Three CpGs of DMR of IGF2 showed in square. 
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The methylation pattern of CpGs in DMR of IGF2 was shown in pair of 

P8 and P15 sample by sample (Figure32). This section would interpret the alteration of 

methylation pattern of CpG in DMR between P8 and P15. For the AFS 2F, the pattern 

○○● and ●●○ were found at both passages whereas another methylation pattern was 

different between P8, ○●○, and P15, ●○○. For the AFS 6A, the pattern ○○● remained 

in both P8 and P15 whereas the pattern ●●○ at P8 was not found at P15 but there were 

the pattern ○●●, ●○●, and ●○○ instead. For the AFS T8, all methylation patterns at P8 

and P15 were totally different. The pattern ○●●, ●○●, and ○●○ were found at P8 

whereas the methylation pattern at P15 was ○○● and ●●○. For the AFS CL8, CL9, 

T11, T18, and T21, the methylation pattern at P8 was same as the methylation pattern 

at P15. In AFS CL8, T11, T18, and T21, the pattern ○○● and ●●○ remained in both 

P8 and P15 whereas the AFS CL9 found the pattern ○○●, ●○○, and ●●○ in both 

passages.  

The comparative of methylation pattern between P8 and P15 showed that 

the highest frequent pattern was ○○● and ●●○. However, there were gain and loss of 

methylation in some pattern along in vitro culture. 



Fac. of Grad. Studies, Mahidol Univ.   M.Sc. (Biochemistry) / 73 

 

 

 

 

 

2F P8 (5) 

 (2) 

 (1) 

 

6A P8 (6) 

 (2) 

 

 

CL8 P8 (5) 

 (3) 

 

CL9 P8 (2) 

 (5) 

 (1) 

 

T8 P8 (4) 

 (1) 

 (3) 

 

T11 P8 (4) 

 (4) 

 

T18 P8 (4) 

 (4) 

 

T21 P8 (4) 

 (4) 

 

2F P15 (2) 

 (5) 

 (1) 

 

6A P15 (3) 

 (3) 

 (2) 

 

CL8 P15 (2) 

 (6) 

 

CL9 P15 (6) 

 (1) 

 (1) 

 

T8 P15 (3) 

 (5) 

 

 

T11 P15 (4) 

 (4) 

 

T18 P15 (6) 

 (2) 

 

T21 P15 (5) 

 (3) 

Figure32. The frequency of particular DNA methylation pattern of interesting 

CpG site in DMR of IGF2 

IGF2 H19  
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For the consideration of methylation pattern at CpG site by site, both 

methylated pattern and unmethylated pattern could be found at same CpG from the 

different major methylation patterns. This pattern was called the differentially 

methylated pattern and represented by black-white circle ( ). The definition of 

methylation pattern at DMR of IGF2 in each 2 different passages found that all CpG 

site of DMR of IGF2 showed differential methylated pattern in both P8 and P15.  

Therefore, this region also was DMR in amniotic fluid stem cell. 

 

Sample 

P8 

DMR of IGF2 Sample 

P15 

DMR of IGF2 

CpG1 CpG2 CpG3 CpG1 CpG2 CpG3 

2F P8    2F P15    

6A P8    6A P15    

CL8 P8    CL8 P15    

CL9 P8    CL9 P15    

T8 P8    T8 P15    

T11 P8    T11 P15    

T18 P8    T18 P15    

T21 P8    T21 P15    

 

Table7. Methylation status of each interesting CpG site in DMR of IGF2 at 

different passages. The methylation status at each CpG site (each circle) came from 

the overall methylation pattern from all 8 selected clones in individual samples. The 

specific CpG site which showed methylation pattern in all 8 selected clones was called 

hypermethylated CpG site, represented by fully filled circle ( ). The specific CpG 

site which showed both methylation and unmethylation pattern in 8 selected clones 

was called differential methylated CpG, represented by half filled circle ( ). 
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CHAPTER V 

DISCUSSION 

 

 

This study explored the DNA methylation pattern at Imprinting Control 

Region and Differentially Methylated Region in IGF2-H19 imprinting cluster using 

bisulfite sequencing technique. The methylation pattern of every CpGs at interesting 

regions including flanking region was defined. For CTCF6 binding region, the major 

methylation pattern of CpGs around the CTCF6 binding region was outstanding. The 

unmethylation at second and methylation at first and third of CpGs on the upstream-

side of CTCF6 binding region with 2 unmethylated CpGs on the downstream (●○●) 

NNNNN(○○) was the one major pattern. Another major pattern of flanking region was 

fully methylation of 3 CpGs on the upstream-side of CTCF6 binding region with 2 

methylated CpGs on the downstream (●●●)NNNNN(●●). These 2 major surrounding 

methylation patterns benefit to distinguish the different methylation pattern in CTCF6 

binding region. The exploring of methylation pattern at CTCF6 binding region found 

that highest frequent methylation pattern (11/16 samples) of CTCF6 binding region 

was fully methylation (●●●●●) and fully unmethylation (○○○○○). Therefore, the 

main methylation pattern of this region in amniotic fluid stem cell was 

(●●●)●●●●●(●●) and (●○●)○○○○○(○○). In theoretically, each samples supposed to 

show only 2 different methylation patterns because the amniotic fluid stem cell was 

diploid cell and the H19 was imprinted gene. However, more than 2 various 

methylation patterns were found in some samples which might because of the pool of 

cultured cell population. The unexpecting little mutate cell might include in sample 

population. Further than the consideration of methylation pattern along allele, the 

methylation pattern at each CpG site was digested. This pattern was hardly measure in 

quantitative due to the random error in colony selection process. The unequal between 

methylation patterns was found in most samples. Therefore, the methylation pattern at 

each CpG site from all clones was defined as disappearance or appearance only 

methylation including the combination of both methylated and unmethylated pattern. 
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The result showed that most samples found both methylated and unmethylated pattern 

at the same CpG, called differential methylation, except for the 2FP8 at CpG1 and 

CL8P8 at CpG4 and 5 which found only methylation pattern, called hypermethylation. 

Therefore, the CTCF6 binding region was DMR in amniotic fluid stem cell   

 Furthermore, this study compared the methylation pattern at CTCF6 

binding region between P8 and P15. This work was inspired from the previous study 

on the influence of in vitro culture to epigenetic of imprinted gene and the previous 

report of the alteration of imprinting after prolonged culture (at P66 to P76) of human 

Embryonic Stem Cell (hESC). Therefore, we would like to investigate whether the 

methylation pattern at CTCF6 binding region has been altered after in vitro culture or 

not. The study showed that some patterns were remained in both P8 and P15. The 

pattern (●●●)●●●●●(●●) was found in both passages in almost all sample, except  for 

AFS 2F which found this pattern only at P15. The pattern (●○●)○○○○○(○○) was 

shown at both passages in AFS T8, T11, T18, and T21. The consideration sample by 

sample, some patterns was found only at P8 but not at P15 such as pattern 

(●●●)●○●●○(●●) and (●○●)●●○○●(○○) in line 2F, pattern (●○●)●○○○○(○○) and 

(N○○)○○○○○ in line 6A, pattern (●○○)○○○●●(○○) in line CL8, pattern 

(●●●)●○●●○(●●) and (●○○)○○○○○ in line CL9, pattern (●●●)○○●●○(●●) in line 

T21. On the other hand, some patterns was found only at P15 such as pattern 

(●●●)●●●●●(●●) and (●○●)○○○○○(○○) in line 2F, pattern (●○●)○○○○○(○○) and 

(○○○)○○●○● in line 6A, pattern (●○●)○○○○○(○○) and (○○○)○●●●● in line CL8, 

pattern (●○●)○○○○○(○○) in line CL9, pattern (●○○)○○○●● and (○○○)○○○○○(○○) in 

line T18. Therefore, the methylation pattern at CTCF6 binding region got alteration 

after in vitro culture. The methylation pattern at P8 gain more methylation or lost 

some methylation to become the pattern at P15. The definition of methylation pattern 

at each CpG site at separate passages showed the hypermethylation pattern of CpG1, 

4, and 5 only in some samples (12.5%) at P8 whereas all CpGs at P15 was 

differentially methylated.    

For the study of methylation pattern at DMR of IGF2, the methylation 

status of CpGs in DMR of IGF2 and surrounding CpGs were determined. 

Unfortunately, the CpGs on the downstream embedded far apart from the CpG of 

DMR; the sequencing result was able to define methylation pattern in this region only 
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in some clones. Therefore, the downstream region was rarely help to distinguish the 

different methylation of DMR. However, the methylation pattern of CpGs in DMR 

was outstanding. The major pattern was ○○● and ●●○ in most samples (14/16 

samples). In theoretically, each samples supposed to show only 2 different methylation 

patterns because the amniotic fluid stem cell was diploid cell and the IGF2 was 

imprinted gene. However, more than 2 various methylation patterns were found in 

some samples which might because of the pool of cultured cell population. The 

consideration at each CpG site showed differential methylation in all samples of all 

CpG sites. Therefore, the DMR of IGF2 was differentially methylated region in 

amniotic fluid stem cell. 

In addition, this study compared the methylation pattern at DMR of IGF2 

between P8 and P15. The result showed that some patterns were remained in both P8 

and P15. The pattern ○○● and ●●○ was found in both passages in almost all sample, 

except for 6A which found these patterns only at P8 and T8 which found these 

patterns only at P15. The consideration sample by sample, some patterns was found 

only at P8 but not at P15 such as pattern ○●○ in line 2F, pattern ○●○, ○●● and ●○● in 

line T8. On the other hand, some patterns was found only at P15 such as pattern ●○○ 

in line 2F, pattern ●○○, ○●● and ●○● in line 6A, pattern ○○● and ●●○ in line T8. 

Therefore, the methylation pattern at CTCF6 binding region got alteration in some 

samples after in vitro culture. The methylation pattern at P8 gain more methylation or 

lost some methylation to become the pattern at P15. The definition of methylation 

pattern at each CpG site at separate passages showed the differential methylation of all 

samples at all CpG sites in both passages. 

The methylation patterns of imprinting regulatory region, both DMR and 

ICR, in IGF2-H19 imprinting cluster have been intensively studied in many cell types. 

The next section would discuss the methylation pattern of amniotic fluid stem cell 

which achieved from this study with the methylation pattern of other related cell types 

from previous studies region by region. The methylation pattern at CTCF6 binding 

region showed differential methylation pattern in human embryonic stem cell 
(115, 116)

, 

fetal tissue such as fetal brain, liver, kidney 
(100)

, and fetal ureteral tissue 
(17)

. Rugg-

Gunn and colleague determined the methylation pattern board region around the 

CTCF6 binding region in human embryonic stem cell showed the board differential 
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methylation region (Figure33). The major methylation patterns of this cell were fully 

methylated pattern, the methylation of all CpG along the same allele, and fully 

unmethylated pattern, the unmethylation of all CpG along the same allele. The study 

in fetal brain, kidney and liver of Thanh H Vu and colleague also showed the board 

differential methylation region (Figure33). The major methylation patterns of this cell 

were fully methylated pattern and fully unmethylated pattern even though some CpG 

was frequently found gain of methylation. Daiya and his colleague expanded the 

methylation determining region cover the CTCF6 binding region in fetal ureteral 

tissue (Figure33). Their result showed the board differential methylation region, 

started from 4 CpGs on the upstream of CTCF6 binding region until 10 CpGs on the 

downstream. The major methylation patterns in this cell were fully methylated pattern 

and fully unmethylated pattern. The methylation pattern in amniotic fluid stem cell in 

this study showed similar pattern to those cell types. The CTCF6 binding region and 2 

downstream CpGs was differential methylation region whereas 2 of 3 CpG on the 

upstream of CTCF6 binding region found the loss of imprinting methylation pattern. 

In the differential methylation region in AFS, the CTCF6 binding region and 2 

downstream CpGs, The major methylation pattern were fully methylated and fully 

unmethylated pattern as same as hESC and fetal tissue. 

    

         

 

 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Biochemistry) / 79 

 

 

 

(A) Human embryonic stem cell  (B) Human Amniotic Fluid Stem Cell 
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(C) Fetal Brain, Kidney, Liver 

 

 

 

 

 

 

 

 

 [Genom. 2000;64:132–143] 

(D) Human fetal ureteral tissue 

 

 

 

 

 

 

 

 

 [Hum. Mole. Genet. 2001;10(23):2619-26] 

 

 

 

 

Figure33. Methylation pattern around CTCF6 binding region in various cell 

types. The methylation status of every CpG around CTCF6 binding region was shown 

in each clone. The methylated CpGs were represented by black circle (●) whereas the 

unmethylated CpGs were represented by white circle (○). (A) Human embryonic stem 

cell (hESC) (B) Human amniotic fluid stem cell (AFS) (C) Fetal brain, kidney, liver 

(D) Fetal ureteral tissue 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Biochemistry) / 81 

 

According to the comparative of methylation pattern between human 

embryonic stem cell, fetal tissue, and amniotic fluid stem cell (Figure34), most CpGs 

in CTCF6 binding region were differential methylation pattern which represented by 

black-white circle ( ). However, the hypermethylation was found in different 

frequency between human embryonic stem cell, fetal tissue, and amniotic fluid stem 

cell. In human embryonic stem cell, the hypermethylation could be found at 3 CpGs 

on the upstream of CTCF6 binding region and CpG2 to 5 in CTCF6 binding region. 

The frequency of hypermethylation in human embryonic stem cell was different at 

each CpG site, 3 CpGs on the upstream-side showed 100% hypermethylation (13/13 

samples), 23% hypermethylation (3/13 samples), and 7% hypermethylation (1/13 

samples), respectively. For the CTCF6 binding site, the hypermethylation was found 

53% (7/13 samples) at CpG2, 38% (5/13 samples) at CpG3, 15% (2/13 samples) at 

CpG4, and 7% (1/13 samples) at CpG5. In amniotic fluid stem cell, the 

hypermethylation could be found at the first and third of 3 CpGs on the upstream of 

CTCF6 binding region, the CpG1, 4, and 5 of CTCF6 binding region and 2 CpGs on 

the downstream. The hypermethylation at first and third on the upstream-side of 

CTCF6 binding region were 81% (13/16 samples) and 62% (10/16 samples), 

respectively. For the CpG1, 4, 5 of CTCF6 binding region and the 2 CpGs on the 

downstream, the hypermethylation was found 7% (1/16 samples). Therefore, though 

this region showed differential methylation pattern in most CpG however the 

hypermethylation was also found at some CpG sites. The frequency of 

hypermethylation was different between human embryonic stem cell and amniotic 

fluid stem cell. 
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(A) Human Embryonic Stem Cell              (B) Human embryonic ureteral tissue 

  

 

 

 

 

               [Hum. Mole. Genet. 2001;10(23):2619-26] 

 

 

 

 

  

     [Genome Res. 2007 17: 1731-1742] 

 (C) Human Amniotic Fluid Stem Cell 

 

Figure34. The DNA methylation pattern of each CpG site around CTCF6 binding 

region in various cell types. The methylation pattern at each CpG from all clones in 

individual sample was analyzed. The CpG position which found both methylated and 

unmethylated pattern from all clones, called differential methylated CpG, was 

represented by black-white circle ( ). The CpG position which found only 

methylated pattern from all clones, called hypermethylated CpG, was represented by 

black circle  ( ). 
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The comparative the methylation pattern between different passages has 

been reported in some cell. Rugg-Gunn et al. compared the methylation pattern 

between early and late passages in human embryonic stem cell (Figure35). In his 

study, the embryonic stem cell approximate to passage100 represented to the late 

passage because of the high proliferation potential of embryonic stem cell. For this 

study, the amniotic fluid stem cell at passage15 represented for the late passage 

because its limited proliferation potential. Even though the amniotic fluid stem cell 

possessed high proliferation potential to generate stem cell population from single cell 

at early passage but its proliferation potential was decreased along in vitro culture and 

was limited around passage15.     

The study in human embryonic stem cell showed the gain of methylation 

pattern after prolonged in vitro culture, the unmethylated pattern at earlier passage 

(P55) became more methylation at late passage (P89). For the study in human 

amniotic fluid stem cell, some pattern remained in both early and late passage such as 

pattern (●●●)●●●●●(●●) and (●○●)○○○○○(○○) whereas some pattern was found 

only at P8 or P15 as describe in prior part of discussion. The change of methylation 

between P8 and P15 could be the gain of methylation or loss of methylation. 

Therefore, the change of methylation in human amniotic fluid stem cell differed from 

the change in human embryonic stem cell.    



Sujeeporn Sripradite   Discussion / 84 

 

(A) Human embryonic stem cell  (B)  Amniotic fluid stem cell 

 

 

 

 

 

 

 

 

 

 

    

 

              [Nat. Genet. 2005;37(6):585-7] 

 

 

Figure35. The comparative methylation pattern between different passages in 

various cell types. (A) Human embryonic stem cell line (B) Amniotic fluid stem cell   
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For the Differentially Methylated Region (DMR) between exon2 and 

exon3 of IGF2, it was suggested as hot spot for cancer marker 
(117)

. The global 

demethylation pattern in this region was found in many cancers. DNA methylation in 

this region was also investigated in ESCs. Kee-Pyo Kim and colleges 
(116)

 reported that 

the DMR of IGF2 was differentially methylated in all ESC lines as same as the 

methylation pattern in AFS in this study (Figure36). 

(A) Embryonic stem cell      (B) Amniotic fluid stem cell   (C) Cancer cell 

 

 

 

    

 

 

 

 

 

[Genome Res. 2007 17: 1731-1742]           [Cancer Res 2002;62:6442–6]  

Figure36. The DNA methylation pattern at DMR of IGF2 gene in various cell 

types. (A) Embryonic stem cell lines (B) Amniotic fluid stem cells (C) Colorectal 

cancer cells  

 



Sujeeporn Sripradite   Conclusion / 86 

 

 

CHAPTER VI 

CONCLUSION 

 

 

This study define methylation pattern at DMR and ICR in IGF2-H19 

imprinting cluster in AFS cells. The DNA methylation pattern is unique characteristic 

of each gene and each cell types therefore the methylation pattern at the same region 

but different cell types may appear the different pattern. For the methylation pattern at 

DMR and ICR in IGF2-H19 imprinting cluster, it was previously defined in various 

cell types; however, it has never been defined in AFS cells. Therefore, this study is the 

first report of methylation pattern at these regions in AFS cells.  

Sixteen AFS cell samples were represented for AFS cell population. These 

samples could be categorized into 2 sub-groups according to the different passages. 

The results showed that the ICR, or CTCF6 binding region, was differentially 

methylated between 2 parental alleles in most AFS samples. Only 3 of 16 samples 

showed biallelic methylation at some CpG site in ICR. Therefore, the overall of the 

DNA methylation pattern at ICR of AFS was differential methylation pattern. 

Furthermore, the consideration at different passages revealed that 3 AFS samples 

which found biallelic methylation pattern were AFS at passage8. This statement 

showed little mutation of methylation pattern during in vitro culture process. 

For the methylation pattern at DMR of IGF2, all 16 AFS samples showed 

differential methylation pattern. However, this differential methylation pattern was not 

the same allele specific methylation. Two of 3 CpG sites of IGF2 DMR were 

methylated on the same allele whereas one CpG site of IGF2 DMR was methylated on 

different allele.  

In conclusion, the methylation pattern at ICR of IGF2-H19 imprinting 

cluster was differential methylation with allelic specificity in AFS cells and it was 

slightly mutated during in vitro culture process. For the methylation pattern at DMR of 

IGF2 was differential methylation non allelic specificity.  
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The mutation of methylation pattern at ICR implied to the change of some 

characteristic, cell proliferation. This methylation pattern might utilize as indicator to 

determine AFS cell property.             
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APPENDIX A 

REAGENT PREPARATION 

 

 
1) Phosphate buffer saline (PBS-) 

1. Mixed solution as followed  

NaCl 10 g 

KCl 0.2500 g 

Na2HPO4 1.4400 g 

KH2PO4  0.2500 g 

Ultra pure water up to 1 L 

 Total volume 1 L 

2. Autoclaved at 120oC under high pressure condition for 30 minutes  

2) Homogenize buffer 

1. Mixed solution as followed 

  NaCl 1.461 g 

  Sucrose 17.115 g 

  EDTA 0.9305 g 

  Tris base (pH 8.0)  9.0825 g 

  Ultra pure water up to 250 mL 

   Total volume 250 mL 

2.  Autoclave at 120oC under high pressure condition for 30 minutes 

3) 10% Sodiumdodecylsulfate (10%SDS) 

1. Added 50 mL ultra pure water to 10 g of SDS (Lauryl sulfate)  

2. Stirred at 37oC until the solution turned to be clear.  

3. Adjusted volume by adding ultra pure water up to 100 mL. 

4. Shaked solution at 56oC for 1 hour. 

5. Filter through 0.22 µm (Corning)  
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4) 8M Potassium acetate  

1. Mixed solution as followed 

KC2H3O2 39.257 g 

Ultra pure water up to 100 mL 

 Total volume 100 mL 

2. Autoclave at 120oC under high pressure condition for 30 minutes 

5) Phenol 

1. Melt Phenol crystal at 65oC for one hour 

2. Added 0.25 g of 8-Hydroxyquinaline to the solution and  

3. Added 1 volume (~250 mL) of 1M Tris HCl pH8 and shaked for 15 

minutes 

4. Let stand at room temperature until the phenol phase (lower phase) 

became transparent, then, removed the upper phase 

5. Added another 1 volume of 1M Tris HCl pH8 and shaked for 15 

minutes 

6. Let stand at 4oC overnight 

7. Removed the upper phase 

8. Added 1 volume of 0.1M Tris HCl pH8 and shaked for 15 minutes 

6) TBE (Stock 5x) 

1. Mixed the solution as followed 

 Trizma base 54.00 g 

 Orthoboric acid 27.50 g 

 EDTA  3.72 g 

 Ultra pure water up to 1 L 

  Total volume 1 L 

7) RF1 solution 

1. Mixed the solution as followed 

 KC2H3O2(30 mM)  1.47 g 

 CaCl2-2H2O (10 mM)  0.75 g 

 Glycerol (15% w/v)  75 g 

 Ultra pure water up to 450 mL 

  Total volume 450 mL 
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2. Adjusted pH to 5.92 with 0.2 M acetic acid 

3. Added  

  RbCl (100 mM)  6 g 

  MnCl2-4H2O (50 mM)  4.59 g 

4. Adjusted volume up to 500 mL  

5. Filtrated through 0.2 µm filter 

8) RF2 solution 

1. Mixed solution as followed 

  RbCl (10 mM)  0.6 g  

  CaCl2-2H2O (75 mM) 5.5 g 

  MOPS (10 mM) 1.05 g 

  Glycerol (15% w/v) 75 g 

  Ultra pure water up to 500 mL 

   Total volume 500 mL 

2. Adjusted pH to 6.8 with NaOH 

3. Filtrated through 0.2 µm filter 

9) LB broth 

1. Mixed solution as followed  

  Yeast extract 5 g 

  Tryptone powder 10 g 

  NaCl  5 g 
  Ultra pure water up to 1 L 

   Total volume 1 L   

2. Autoclave at 120oC under high pressure condition for 30 minutes 
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APPENDIX B:  

SEQUENCING RESULT 

 

 
1. 2F P8 H19 
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2. 2F P15 H19 
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3. 6A P8 H19 
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4. 6A P15 H19 
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5. CL8 P8 H19 
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6. CL8 P15 H19 
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7. CL9 P8 H19 
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8. CL9 P15 H19 
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9. T8 P8 H19 
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10. T8 P15 H19 
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11. T11 P8 H19 
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12. T11 P15 H19 
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13. T18 P8 H19 
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14. T18 P15 H19 
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15. T21 P8 H19 
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16. T21 P15 H19  
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17. 2F P8 IGF2  
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18. 2F P15 IGF2 
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19. 6A P8 IGF2 
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20. 6A P15 IGF2 
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21. CL8 P8 IGF2 
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22. CL8 P15 IGF2  
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23. CL9 P8 IGF2 
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24. CL9 P15 IGF2 
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25. T8 P8 IGF2 
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26. T8 P15 IGF2 
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27. T11 P8 IGF2 
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28. T11 P15 IGF2 
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29. T18 P8 IGF2 
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30. T18 P15 IGF2 
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31. T21 P8 IGF2 
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32. T21 P15 IGF2 
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