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ABSTRACT 
 
        Thalassemia is a hereditary blood disorder. Mutations in the globin genes lead to 
reduced hemoglobin production.  The aim of thalassemia treatment is to induce 
adequate erythrocyte production or reduce cell destruction to the level that is enough 
to transport oxygen throughout the body. β-Thalassemia is a subtype of thalassemic 
diseases caused by reduction of β-globin chain production, which gives rise to 
unmatched α-globin chains that precipitate and results in shorter red cell life-span.  
Thus, reduction of the unmatched α-globin chains may reduce the severity of 
pathology of the red cells 
        In this study, RNAi, a tool for degradation of target mRNAs by siRNA, was used 
to study its inhibitory effect on α-globin mRNA level.  Lipofectamine containing 1.0 
µg of α-globin specific siRNA targeted to α-globin mRNA was transfected into 1x106 

normal erythroid precursor cells (ECFCs) in vitro.  At 48 hours after transfection α-
globin mRNA levels were analyzed by reverse-transcription and real-time PCR.  The 
results showed a significant lowering in the level of α-globin mRNAs (p<0.05), 
whereas the level of β-globin mRNAs was not affected.  A significant decrease in the 
number of hemoglobin positive cells as detected by benzidine staining at 96 hours 
(day 10) after transfection compared to the control cells (p<0.05) supported the 
observation on depletion of α-globin mRNA level.   
        RNAi inhibition of α-globin mRNA expression by α-globin siRNA could be used 
as a model for the study of α-thalassemia pathology and may also be applied in the 
future to reduce α-globin chain production in β-thalassemia, thereby ameliorating the 
severity of pathology caused by unpaired α-globin chains. 
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CHAPTER I 

INTRODUCTION 

 

       Thalassemia is a hereditary blood disorder associated with reduction or absence of 

globin chain production of hemoglobin (1). It is the most common genetic disorder 

that is an important health problem for Thai people (2, 3). Common subtypes are α-

thalassemias and β-thalassemias, due to the globin chain affected. The α-thalassemias 

are found in 20% of people in Bangkok and 30% of people in northern Thailand, while 

β-thalassemias are found in 3-9% of Thai population (2). The major gene 

abnormalities of the α-thalassemias are caused by gene deletion, whereas those of β-

thalassemias are point mutations. Deletions or mutations of either globin genes are of 

potential clinical significant because of reduced rate of hemoglobin A synthesis, the 

major hemoglobin of adult life. Moreover, the reduction of these gene product (α-

globin or β-globin) leads to imbalance of globin chains to form hemoglobin 

molecules. Relative excess of unmatched globin chains causes varying severity from 

no symptom to serious condition. There are four manifestations of α-thalassemia (4-

6); the silent carrier state, mild α-thalassemia, hemoglobin H diseases and hydrops 

fetalis. In β-thalassemia, three manifestations are classified; β-thalassemia trait, β-

thalassemia intermediate, and β-thalassemia major. In α-thalassemia, the free γ- or β-

globin chains in fetal life or adult life can form homotetramers, called hemoglobin 

Bart’s (γ-globin tetramer) and hemoglobin H (β-globin tetramer). Hemoglobin H is 

functionally useless since it binds to oxygen with high affinity. In addition, it is 

unstable hemoglobin, and easily precipitates to form inclusion bodies in mature red 

blood cells under oxidative stress, leading to red cell membrane damages. These 

damaged cells are trapped in the sple resulting in a hemolytic anemia. In contrast, free 

α-globin chains in β-thalassemia can not form homotetramers like β- globin chains. 

Unpaired α-globin chains are unstable and rapidly aggregate to form insoluble 

inclusion since in the red blood cell precursors in bone marrow causing ineffective 
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erythropoiesis due to destruction of developing red cells (1).  The fundamental of a 

cure for β- thalassemia is to promote the hemoglobin production enough for oxygen 

carrying and to prevent of the birth of new cases. Blood transfusion is the main for β-

thalassemia treatment in severe anemia cases. However, the long-term transfusion 

therapy causes iron overload. Hypertransfusion with iron chelation can prevent 

pathology and improve the quality of life in many patients (2). Alternative therapies 

that reduce the side effect of the transfusion and longer-term red blood cell production 

include bone marrow transplantation and cord blood transplantation. The 

transplantation attempts to correct β-thalassemia by replace patient’s stem cells with 

genetically normal stem cells from donors. The other new concept is gene therapy, 

which attempt to replace the defective genes of patient’s own stem cell with normal 

one. Fetal hemoglobin manipulation also aims to delay or reverse hemoglobin switch, 

and to induce fetal hemoglobin production to compensate β-gene defects. Suppression 

or inhibition of α-gene expression and repairing of the defect genes by methods such 

as antisense technology is also available (7-8). These therapeutic techniques are 

benefit for β-thalassemia intermedia or major patients, since the major cause of 

pathophysiology in β-thalassemia is the relative excess of α-globin chain. Recently, 

RNA interference (RNAi), method for specific gene silencing by double stranded 

RNA (dsRNA), is used as a tool for study gene functions and further being developed 

for gene therapy application, especially in cancer treatment (9-12). In this study, RNAi 

was introduced to be use to suppress the α-globin gene expression in normal human 

erythroid progenitor cells in vitro.  Reduction of α-globin mRNA expression would be 

used as a model for studying α-thalassemia pathology and also applied for α-globin 

reduction in β-thalassemia to reduce the severity caused by unpaired α-globin chain in 

future. 
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CHAPTER II 

OBJECTIVE 

 

       The objective of the study is: 

 

       To suppress α-globin mRNA in normal human erythroid progenitor cells by RNA 

interference technology and study the properties of the suppressed cells 
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CHAPTER III 

LITERATURE REVIEW 

 

1. Globin genes and erythropoiesis 

 

 Hemoglobin is an oxygen transporting protein (Figure 1). There are different 

types of hemoglobins synthesized during the stage of human fetal development 

(Figure 2 and 3) (13 and 14). Two gene clusters direct the synthesis of hemoglobin: α-

globin genes cluster located on chromosome 16, which contains the embryonic ζ gene 

plus the two adult α-globin genes (2). α2 locate upstream and α1 downstream, the gene 

differs by a 7-nt insertion near the end of the second intron and a two base substitution 

in the 2
nd

 intron and they diverge considerably in the 3’-UTR and down stream from 

the poly (A) site. A total of four α globin genes exist in each cell.  α-globin gene 

cluster is controlled by regulatory elements placed upstream of the structural genes 

(1). The β-globin gene cluster located on chromosome 11, which consists of the ε, 
Gγ, 

Aγ, δ and β genes (Figure 3). In normal α-globin chain is synthesized slightly higher 

than β-globin chain.  The free α-globin chain is unstable and precipitates easily. Thus, 

α-hemoglobin stabilizing protein (AHSP) forms a stable complex with free α-globin 

chain but not with β-globin or hemoglobin A to blocking the deleterious effects of free 

α-globin precipitation in the normal erythropoiesis (15 and 16).  

       Erythropoiesis is the process of red blood cell production (proliferation and 

differentiation) (5). The two globin gene clusters switch during erythropoiesis in fetal 

development.  The embryonic globins switch to fetal globin, transition from 

embryonic (yolk sac) to definitive (fetal liver) hematopoiesis. The liver remains the 

predominant site of hematopoiesis (also erythropoiesis) in the fetus until about the 

twentieth week of gestation. Hematopoiesis subsequently occurs in the spleen and the 

bone marrow, and by the time of birth, the bone marrow is the main hematopoietic 

organ. The shifting sites of erythropoiesis coincide with changes in the type of 

hemoglobin of red cells and also with changes in other morphological and biochemical 
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characteristics. For β-globin gene switching, the switch from ε to γ globin gene 

production begins early in gestation and it is completed before 10 weeks of gestation. 

The ε-globin expression is restricted in the yolk sac cells, whereas γ and β globins are 

restricted to liver origin. The γ gene expression in the fetus is approximately 50 times 

higher than β gene expression. At birth, Hb F (α2γ2) is about 60 to 80% of the total 

hemoglobin. Hb F constitutes about 3% of all hemoglobin in the 16 to 20 week old 

infants. The switching of α gene locus, first, ζ and α gene are co-expression in 

embryonic erythrocytes, but α gene is lower expression. ζ gene continues transcription 

and decrease in the fetal liver phase. The α globin gene encodes 141 amino acids, 

whereas β-globin gene and other non β-globin genes encode 146 amino acid (1, 4, 5).   

 

2.  Hemoglobin synthesis  

       Hemoglobin, a protein is carried by red cells. It picks up oxygen from the lung 

and delivery to peripheral tissues to maintain the viability of cell (17). The hemoglobin 

molecule is composed of four polypeptide subunits (globin) and four hemes. α-globin 

and β-globin genes is on chromosome 16 and 11 (Figure 3), which control the 

synthesis of α- and β-globin chains, respectively. The location and rate of synthesis 

varies from embryonic to adult life (Figure 2 and 3, Table1). The globin genes are 

activated in sequence during development moving from 3´ to 5´ on the chromosome. 

In normal adult, hemoglobin A (α2β2) (Figure 4), which consists of, two α- and two β-

globin chains is the most present about 95% of all hemoglobin  (18). The heme 

molecule contains the iron atom that is responsible for the reversible binding of the 

oxygen molecule (Figure 5).  Only when the iron is the ferrous (Fe
2+

) oxidation state 

can bind oxygen. If the iron is in the ferric (Fe
3+

) state, heme does not bind oxygen.  

The other two hemoglobins also occur. Hemoglobin A2 (α2δ2), composed of two α-and 

two δ-globin chains, comprises 2-3%. Hemoglobin F (α2γ2) are comprises less than 

2%. This hemoglobin composes of two α-and two γ-globin chains. The fetus in uterus 

and until 48 week after birth produces hemoglobin F (fetal hemoglobin). Hemoglobin 

F has a high oxygen attraction affinity to carry oxygen from maternal blood and 

delivers to the fetus. After birth, adult hemoglobin rapidly increases and fetal 

hemoglobin production drops off. The alpha globin chain concentration is rather stable 
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in fetal and adult life, because it is needed for both fetal and adult hemoglobin 

productions. The β-globin occurs at the level in fetal life and rapidly increases after 30 

weeks of gestational age, and maximum is reaching about at 30 week postnatal. Each 

hemoglobin molecule has a life span same as erythrocyte (120 days). When old 

erythrocytes are destroyed, the heme is metabolized into iron, which is reused, and 

into porphyrin, which is degraded to bile pigments and excreted by the liver.  The four 

polypeptide chains of the hemoglobin protein are broken down to amino acids, which 

may be reused in other metabolic processes including the synthesis of new protein (4-

6). 
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Figure 1: Oxygen transportation by hemoglobin molecules. 

(Taken from http://lpig.doereport.com/geneexhibit.php) 

 

 

                                          

Figure 2: Changes in globin chain production during the course of development. 

Erythropoiesis in human begins in yolk sac islands to the liver. The liver remains the 

predominant site of erythropoiesis in fetus until about the twentieth week of gestation. 

Hematopoiesis subsequently occurs in the spleen and the bone marrow, and by the 

time of birth, the bone marrow is the main hematopoietic organ. (Figure was taken 

from http://www.mie.utoronto.cal/labs/lcdlab/biopic/fig/14.10.jpg)   
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Figure 3: The structure of the human α and β globin gene clusters. 

 The α-globin gene cluster lies near the tip of chromosome 16 and has been assigned 

to 16p13.3. The β-globin gene cluster locates on chromosome 11. Types of 

hemoglobin are different on the development stage and relate to globin gene 

controlling.  

Figure was taken from http://www.people.virginia.edu/~rjh9u/hgenemap.html. 
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Table 1: Hemoglobin types in development state. 

 

 

 

Hemoglobin type 

 

State of life 

              A (αα2ββ2) 

              A2 (αα2ββ2) 

              F (αα2γγ2) 

              Gower 1 (ξξ2εε2) 

���������������������Gower 2 (αα2εε2) 

              Portland (ζζ2γγ2) 

Adult (95%) 

Adult (2%) 

Major fetal Hb 3-9 th month, adult (<2%) 

 

     Embryonic Hb 
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Figure 4: Hemoglobin structure. 

Red blood cells contain hemoglobin about 95% of total soluble protein. Adult 

hemoglobin consists of heme, two α-and two β-globin chains. Figure taken from: 

www.kacr.or.kr/img/gene_expression/hemoglobin.jpg . 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Heme molecule contains iron molecule in ferrous state (Fe
2+

). 

Figure taken from: http://www.bmb.leeds.ac.uk/illingworth/oxphos/hemeb.gif. 

 

 

 

 



  

 

 

Fac. of Grad. Studies, Mahidol Univ.                                                                      M.Sc. (Med. Tech.) / 11   

3.  Erythrocyte maturation 

 

       Erythrocyte takes one week to develop from proerythroblast to reticulocyte in 

bone marrow, and stays one to two days before entering the blood circulation as 

reticulocyte and circulates about one day before maturating to erythrocyte. The series 

of erythrocyte maturation include the development from pale nucleus to darker, 

smaller nucleus to loss of nucleus, increase in cytoplasm part, decrease in size, change 

cytoplasm from intensely blue (full of RNA) to grayish (mixture of RNA and 

hemoglobin) and reddish (full of hemoglobin, no RNA). The stages of development 

including as following (6, 19): 

       Proerythroblast is 14-19 µm in size, which contains the large nucleus with fine 

chromatin and two or more nucleoli. The cytoplasm is basophilic in this stage. 

Basophilic erythroblast stage is 12-17 µm in size. Cytoplasm is dark blue (RNA 

abundance), with slightly smaller nucleus and slightly chromatin condensation. 

Nucleoli and granules can not be seen. Next stage is polychromatic erythroblast that 

12-15 µm in size, which contains the large nuclei with moderate condensed chromatin 

and lighter cytoplasm (reddish gray). Nucleus is condensed and intensely basophilic 

with coarse heterochromatin granules giving a characteristic checkerboard appearance. 

Orthrochromatic erythroblast is 8-12 µm in size. This stage has gray-red cytoplasm 

with small dense pyknotic nuclei. Further mature stage is reticulocyte, 7-10 µm in size, 

nucleus has been extruded, and cytoplasm is pink to pinkish grey. Erythrocyte is 

mature stage, which 7-8 µm in size, no nucleus. Cell is orange-red cytoplasm and 

RNA is lost. 

 

4. Thalassemia   

 

       Thalassemias are the most common single-gene disorders in the world population. 

Thalassemia is a hereditary blood disorder associated with reduction or absence of 

globin chain production of hemoglobin, most commonly either α- or β-globin chain. 

Thalassemia can be classified into three different ways (1-5): The first is by clinical 

classification (upon the degree of severity), the second group is the genetic 
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classification, and the last one is the molecular classification. Clinical classification is 

divided by the degree of severity include the major type, which is homologous 

inheritance of a particular mutation or from the compound heterozygous state for two 

different mutation. The intermediate types have more severe degree of anemia than the 

trait, and the trait type is completely silent in clinical and hematological. The genetic 

classification according to their genetic basis by describing the globin chain that is 

synthesized at a reduce rate. There are two major types of the genetic classification as 

following; α-thalassemias and β-thalassemias. The deletion of each globin gene 

products (α-globin or β-globin) lead to imbalance of globin chains to produce 

hemoglobin molecules (Figure 1), which consist of two α-globin chains and two β-

globin chains. In α-thalassemias, reduction of α-globin product most commonly arises 

from deletion of one or more of the four α-globin genes, resulting in abnormal 

hemoglobin synthesis and leading to anemia of varying degrees of severity from 

asymptomatic to lethal.  Unpaired γ-globin chains in fetal life or β-globin chains in 

adult life can form homotetramers, called hemoglobin Bart’s and hemoglobin H, 

respectively.  Hemoglobin H is an abnormal hemoglobin, it dose not carry oxygen 

properly,  and precipitates to form inclusion bodies in mature red cells cause of red 

cell membrane damage. These cells are trapped in the spleen and other part of the 

reticuloendothelial system, reduce the life span of red cells, resulting in a hemolytic 

anemia. α- thalassemia is found most commonly individuals of Southeast Asia, 

Southern China, the Middle East, India, Africa and the Mediterranean .  There are four 

manifestations of α- thalassemia (4), that relative with the number of defective genes; 

the silent carrier state, mild α- thalassemia, hemoglobin H disease and hydrops fetalis.  

       The silent carrier state is one gene deletion α-thalassemia condition, which the 

patients have normal hematologically feature (normal hemoglobin level and red cell 

indices). Only way to diagnose this condition is DNA analysis.  The patients with mild 

α-thalassemia, or thalassemia trait, who have lost one or two α-globin genes, are 

usually asymptomatic and mild chronic anemia.  They have small red cells 

(microcytic), and hypochromia. Diagnosis of α-thalassemia trait is usually exclusion 

of other causes of microcytic anemia. DNA analysis is available as confirmatory 

testing but it is not routinely done.  The patients, who have lost three α-globin genes, 
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hemoglobin H diseases, have low amount of α-globin chain production. The 

unmatched β-globin chains can self-associated to hemoglobin H (HbH). The patients 

have moderate to severe anemia. Blood picture showed hypochromic microcytic red 

blood cells and also red cell fragments. Thalassemia major (hydrops fetalis) is the 

result from the loss of all four α-globin genes. No α-globin is produced in this 

condition (no HbA and HbF). Fetuses affected by α-thalassemia major become anemia 

early in pregnancy. Hydropic, enlarged hearts and livers are usually found. Fetuses 

with α-thalassemia major are usually miscarried, stillborn, or die shortly after birth.    

       Deletions or mutations of β-globin gene(s) result in the absence or decrease of β-

globin chain synthesis that causes β-thalassemias with wide ranges of anemia. The free 

α-globin chains, unpaired α-globin chains, are unable to form a homotetramers and 

hence precipitate in red cell precursor and throughout the erythroid maturation 

pathway. Such red cells contain inclusions that are damaged when they pass through 

the microcirculation, leading to shortened red cell survival in β-thalassemias (1-5). 

There are three manifestations of β-thalassemia; thalassemia trait, thalassemia 

intermediate, thalassemia major. β-Thalassemia trait patients have microcytosis, but 

usually are asymptomatic. β-thalassemia intermediate has two abnormal of β-globin 

genes but still producing some β-globin. The patients have mild to moderate anemia 

condition. Thalassemia major is the most severe form of β-thalassemia, which the 

patients have two abnormal genes that cause either a severe decrease or complete lack 

of β-globin production, preventing the production of HbA. This condition usually 

appears in an infant after 3 months of age and cause life-threatening anemia. The most 

common thalassemia syndrome in Thailand include Hb Bart’s hydrops fetalis, Hb H 

disease, homozygous β-thalassemia, and Hb E /β-thalassemia. 

       Routine laboratory test of thalassemia is CBC (complete blood count), a snapshot 

of the cell and fluid in blood stream. The CBC will tell, how much red blood cells is 

present, how much hemoglobin in red cells. MCV (mean corpuscular volume) is a 

measurement of red blood cells size, low MCV is often the first indication of 

thalassemia. If the MCV is low and iron efficiency has been rule out, the person may 

be a thalassemia trait carrier. Blood smear is the determining test to evaluate the 

number and type of white blood cells, red blood cells, and platelet, if they are normal 



 

 

 

Orawan Sarakul                                                                                                          Literature Review / 14 

and mature. Thalassemia cases, the red blood cells are often small size (microcytic), 

and may also be hypochromic (pale, indicating that less hemoglobin), vary in sizes 

(anisocytosis) and shape (poikilocytosis), may be found nucleated red cells (1, 3). 

       Iron study (including, iron, feritin, TIBC (total iron binding capacity), and percent 

saturation of transferrin), these tests measure the body’s iron storage and usage. One 

or more of these tests may be ordered to help monitor the degree of iron overload in a 

patient with thalassemia. 

       Hemoglobinopathy evaluation is measuring of type and relative amount of 

hemoglobins present in the red blood cells. The high percentage of Hb A2 and/or Hb F 

is usually seen in β-thalassemia trait. Hb H may be seen in α-thalassemia due to Hb H 

disease. 

       DNA analysis is used to investigate the deletions and maturation in the α and β-

globin genes. Family studies may be ordered to evaluate carrier state and the types of 

maturations present in other family members. 

       The treatment goal for thalassemia syndrome is to promote the production of 

healthy hemoglobin that can carry enough oxygen for patients to survive.  The types of 

treatments depend on conditions and severity of patients and also limitations and side 

effects of the treatments to patients, such as iron overload complication in severe 

thalassemic patients with repeated blood transfusions. At present, new therapies such 

as stem cell transplantation, fetal hemoglobin manipulation are efficient for 

thalassemia cure.  However, recent gene therapy and antisense method is researched as 

a tool for restoring the normal β-globin gene expression.  Since the pathology of β-

thalassemias results from excess α-globin chain, blocking α-globin chain synthesis is 

also an alternative way to decrease the pathology in β-thalassemia.   

       In Thailand, prevention programs are aims to controlling three severe thalassemia 

diseases: Hb Bart’s hydrops fetalis, homozygous β-thalassemia and Hb E β-

thalassemia (3). The objectives of prevention are to screen the carrier to offer prenatal 

diagnosis of the high-risk fetus and to provide choices for abortion for the couples to 

consider. Identification of couples at risk is at present performed by pregnancy 

screening.  
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5.  RNA interference 

 

       RNA interference (RNAi) is the process of sequences specific gene silencing by 

double-stranded RNA (dsRNA) that is homologous in sequence to mRNA (20-23). It 

occurs posttranscriptionally and involves mRNA degradation (24-32). RNAi term was 

first discovered from work on Caenorhabditis elegans (33-38) and has been found to 

work in many organisms including nematodes, fruit flies, trypanosomes (39), plants 

(40-44), planaria, hydra, zebra fish, virus (45-49), mammalian and also human cells (9, 

33, 44, 50-58). There are two models represent RNAi pathway in Drosophila (44, 56-

63), the endonucleolytic cleavage model (Figure 6A), and the random degradative 

PCR model (Figure 6B) (64). These two models consensus regarding the step that 

dsRNA is converted into 21-23 nt dsRNA fragments by Dicer, a member of the RNase 

III family enzymes, these short dsRNAs are called small interfering RNA (siRNA) 

(65). RNAi pathway starts with the cleavage of dsRNA to siRNA with 2-3 nt 

3′overhangs by the RNases III enzyme. Dicer or Dicer homologue is specifically 

cleaves dsRNA. It has distinctive structure, which includes a N-terminal helicase 

domain, two RNase III motifs at the C-terminus, a dsRNA binding domain, and a 

region of homology to the Argronaute family, PAZ (Piwi/Agromaute/Zwille) motif 

(64, 66-68). Dicer is evolutionarily conserved in worm, files, plants, fungi and 

animals. The random degradative PCR model, which siRNAs act as primer on the 

target mRNA and are extended by RNA dependent RNA polymerase (RdRP) to 

convert the target mRNA into dsRNA (cRNA/target RNA hybrid). Dicer degrades the 

ds-cRNA/target RNA hybrid to new siRNA fragments. For the endonucleolytic 

cleavage model processes that siRNA act as guides for target mRNA destruction. 

siRNA incorporated into a protein complex called RNA-induced silencing complex 

(RISC). Upon activation contain single-strand of siRNA which homologue in 

sequence with target mRNA to guide the target degradation. 

       In mammals, siRNA triggers target RNA destruction not by acting as primers but 

rather by guiding a protein endonuclease to target RNA that is complementary to one 

strand of the siRNA (44, 69). RISC is a multi-component complex involving eIF2C1, 

eIF2C2, RNA helicase Gemin3, and Gemin4, a protein of unknown function and a 

single stranded siRNA (27, 67, 70). RNAi function from C.elegans worked, dsRNA 
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targets mRNA both in the cytoplasm and in the nucleus of exposed cells, but act in 

post splicing. Individual mRNAs that are polycistronically transcribed can be targeted 

separately, and dsRNAs target to promoter sequences and introns are not effective at 

inducing RNAi (28, 64, 71).  

 

       siRNA are the mediators of RNAi mechanism, that as a guide of sequence specific 

mRNA degradation. RNAi is initiated by the conversion of dsRNA into siRNA by 

dicer which has 21-23 nt with 3′ overhang hydroxyl groups, and 5′ monophosphate. 

mRNA target sites were determined by the 5′ end position of the siRNA antisense 

strand. siRNA duplexs unwinding start from the 5′ end of the antisense strand (53, 69). 

siRNA of 21 nucleotides with the 2-nucleotides 3′-overhangs is long enough to 

mediate gene specific suppression in mammalian cells and short enough to evade the 

host interferon response (72, 73) to cause gene-specific suppression in mammalian 

cells (26, 67, 74). siRNA technology is used as a tool for function analysis of gene. 

The critical factors for effective siRNA are the designs of effective target sequences 

and siRNA sequences (75).  Based on the siRNA generated by dicer in files, siRNA 

had 3′ nucleotide overhangs, from this finding the guides for mRNA target sites 

prediction include, a target site (5′-AAN(19)UU) in the region of mRNA with ∼50% 

G/C content is used as a start point, although 35-80% G/C content also worked in most 

of the experiments. 3′ UU on target mRNA is more efficient than AA, CC or GG, if 

the target mRNA does not contain 5′-AAN(19)UU, the alternative target sites 5′-

AAN(21)UU or 5′-NAN(21)UU are chosen as target sites. The Pol III polymerase 

recognizes TTTT as the termination signal, the TTTT containing regions are avoided 

in the target sites. The specificity of the target site is often tested by performing a 

BLAST search (www.ncbi.nlm.nih.gov/BLAST) using a selected siRNA sequence as 

the input against EST libraries or mRNA sequences of the respective organism (53, 

67). As the effective target sites selection, the criteria for siRNA design are important 

for RNAi, siRNA sequences which highly effective have GC content close to 50% and 

having two-nucleotide TT overhangs (53, 54, 67, 76, 77). The common types of 

siRNA which are used now composes of chemically synthesized and in vitro 

transcribed siRNA are the most easy and direct approach to induce RNA interference 
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in mammalian cells. The chemical synthetic or in vitro transcribed siRNA have been 

successfully used in many cases to suppress the gene expression in recent past (67). 

The cost of chemically synthesized siRNA is high and their effect is transient in 

mammalian cells. Alternative strategies of the endogenous expression siRNA are 

siRNA generated by recombinant human dicer (78), and the various promoter 

expression cassettes that allow transcription of functional siRNAs (67, 79, 80) 

provided a low-cost alternative to chemically synthesized siRNAs. These techniques 

mediate stable target gene inhibition in cell (81) whereas chemically siRNA is 

transient in cells. The expression of siRNA from DNA templates which use of RNA 

polymerase III (pol III) promoter such as, U6 promoter, H1 promoter and tRNA 

promoter are often employed for the expression of siRNA in mammalian cells (79, 80, 

82-84). For the reasons of using the Pol III system as following, their RNA products 

are neither 5′-capped nor 3′-polyadenylated, RNA polymerase III recognizes poly (T) 

sequence as a termination codon, making it possible to design small RNAs that carry 

3′overhangs of  one or two uridines (a structural feature for siRNA to be effective in 

vitro). Pol III starts transcription at G or A, thus the start site of the siRNA can be 

predicted and offers a system in which any sequences can be inserted downstream of 

the transcription start site.  

       The DNA-vector based expression of siRNA is based on two designs. The first 

model, Pol III promoter is employed to direct small inverted repeats synthesis that 

separate by a spacer region of a varying length (Figure 7A). The resulting RNA form 

hairpins containing stems that have specific target sequence, loop sequences (3-9 nt) 

and 3′U overhangs, the result short hairpin RNA (shRNAs) products are processed in 

vivo by dicer. The second model, two U6 promoters are placed in tandem or in two 

separate vectors, which direct the transcription of a sense and antisense strand of a 

small RNA with 19 nt specific gene targeting sequence with 3′UUUU overhangs 

(Figure 7B) (67). Sense and antisense strands form duplexes in vivo and function as 

siRNA in vitro. The other important things for effective siRNA are the siRNA delivery 

methods to target cells. In vitro synthesized siRNAs are routinely transfected into a 

wide variety of cell lines with a variety of lipid reagents (85-87), and electroporation. 

Another strategy for delivering siRNA, involves PCR-based amplification of siRNA 

expression cassettes, viral vector (88, 89) such as lentiviral, retroviral and adenoviral 
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vectors allows the persistent delivery siRNA for longer duration in a wide variety of 

cells (66). Recently, new technique such as, shRNA-based live cell-microarray were in 

researched (86, 91). Methods of delivering siRNA are continuously being developed 

and will continue to in incorporate innovative features.        
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Figure 6: RNAi pathway derived from Drosophila extract.  

(A) The endonucleolytic cleavage model proposes that siRNAs act as guides for 

mRNA targets degradation. siRNA form a precursor protein complex called RNA-

induced silencing complex (RISC). Upon ATP activation, it unwinds the siRNAs and 

converts into an activated RISC (RISC*). RISC* recognizes the target and cleaves it 

with an endonuclease. 

(B) In contrast, the random degradative PCR model proposes that siRNAs act as 

primers on the target mRNAs and are extended by RdRP to produce new dsRNA 

(cRNA/target RNA hybrid). The ds cRNA/target RNA hybrid is degraded by dicer. 

There is a strict requirement of RdRP and dicer in this model. Figure was taken from 

reference 64. 
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Figure 7: Diagrammatic presentation of tandem type and stem loop type of vector-

base siRNA synthesis. 

(A)  Generation of a hairpin siRNA directed by a Pol III promoter. The individual 

motif is 19–29 nt, corresponding to the coding region of the gene of interest. The 

resulting RNA is predicted to fold back to form a hairpin dsRNA as shown.  

(B) Generation of two complementary siRNA strands synthesized by two U6 

promoters. Two U6 promoters either placed in tandem or on two separate plasmids 

(not shown) direct transcription of a sense and an antisense strand of 19-nt RNAs. The 

two RNA strands are predicted to form a duplex siRNA in the transfected cells, with 

30 overhangs of one to four uridines. Figure was taken from reference 10. 
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CHAPTER IV 

MATERIALS AND METHODS 

 

1.  Experiment design 

 

       1.1  Optimization condition of siRNA transfection  

 

               1.1.1  Optimization of lipofectamine 

 

 

 

 

 

 

 

 

 

 

               1.1.2  Affect of siRNA on endogenous gene 

 

 

 

 

 

 

        

ECFCs preparation 

siRNA tranfection  

(vary concentration of lipofectamine) 

siRNA positive cells detection 

(Flow cytometer) 

ECFCs preparation 

siRNA transfection 

siRNA affect on gene expression 

(western blot assay) 
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       1.2  Inhibition of αα-globin gene by RNAi 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

2.  Peripheral blood samples 

 

       Peripheral blood buffy coat from normal donors were prepared by blood bank 

section of Kyushu University’s hospital, Japan, and Rajvithi hospital Thailand.All 

samples were free from hepatitis, and HIV.  

 

3.  Instruments 

 

Automate blood cell counter (Sysmex CDA 500, Japan) 

Centrifuge, KS-400, KS-1700, KS-8800 (Kubota, Japan) 

Digital pH meter  

       Light microscope (Olympus,  Japan) 

ECECs preparation 

α-globin siRNA transfection 

Analyzed effect of siRNA 

Cell survival 

  CCeellll  vviiaabbiilliittyy  aanndd  aappooppttoossiiss  

      --  TTrryyppaann  bblluuee  eexxcclluussiioonn,,  

--  AAnnnneexxiinn  VV--FFIITTCC//PPII  ssttaaiinniinngg,,  

      ffllooww  ccyyttoommeetteerr  

  CCeellll  mmoorrpphhoollooggyy  

      --  MMaayy--GGrruueennwwaalldd--GGiieemmssaa ssttaaiinniinngg  

  mmRRNNAA  qquuaannttiiffiiccaattiioonn  

      --  RReevveerrssee  ttrraannssccrriippttiioonn  aanndd  rreeaall  ttiimmee  PPCCRR  

  HHbb  ppoossiittiivvee  cceellllss        

      --  BBeennzziiddiinnee  ssttaaiinniinngg  

  gglloobbiinn  cchhaaiinn  aannaallyyssiiss  

      --  uurreeaa--aacceettiicc--TTrriittoonn  XX  eelleeccttrroopphhoorreessiiss    

  

mRNA expression 
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       Vortex mixer 

Light cycler (Roche, U.S.A.) 

iCycler ( Biorad, CA) 

       Flow cytometer, Epics Elite EPS (Coulter Co., Miami, FL) 

       Cytospin 3, Shandano 

       Densitometer (GS-710: optical density, Biorad) 

 

4.  Special glass wares and supplies  

 

Six wells cell culture plates (Corning Incorporation, U.S.A.) 

25 and 75 cm
2
 Cell culture flasks (Corning Incorporation, U.S.A.) 

15 and 50 ml centrifuge tube (Corning Incorporation, U.S.A.) 

5 ml polystyrene Round button with cell strainer cap (Flacon, France) 

 

5.  Chemicals and reagents 

 

       Methanol (Fisher Chemical, UK) 

       Triton X-100 (Sigma, U.S.A.) 

       Chloroform (Merck, Germany) 

       Acrylamide (Fluka, Japan) 

       Bis-acrylamide (Sigma, U.S.A.) 

       Urea (BDH Laboratory Supplies, England) 

       Isopropyl alcohol (BDH Laboratory Supplies, England) 

       Glacial acetic acid (Merck, Germany) 

       2-Mercaptoethanol (Sigma, U.S.A.) 

       Coomassie brilliant blue R  

       Ammonium persulfate 

       NNN′N′-tetramethyethlenediamine (TEMED) 

       Acrylamide (Fluka, Japan) 

       Ethanol  (VWR International ltd, England) 

       Tri-Sodium Citrate (BDH Laboratory Supplies, England)  
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       Trypan blue (Sigma, U.S.A.) 

       Wright’s eosine methylene blue  (Merck, Germany) 

       Giemsa’s Azur-eosine-methlene blue (Merck, Germany)  

 

6.  Reagent preparation 

 
       6.1  Reagents for erythroid purification and culture 

               6.1.1  Iscove’s Modified Dulbecco’s Medium (IMDM; GIBCO,  BRL) 

               6.1.2  Dulbecco’s Phosphate Buffered Saline (D-PBS) (Sigma, U.S.A.) 

               6.1.3  Minimum Essential Medium Alpha Medium (α-MEM; GIBCO) 

               6.1.4  Nutrient Mixture F-12 [HAM] (Sigma, U.S.A.) 

6.1.5  Fetal calf albumin (FCS; Commonwealth Serum Laboratory, 

Australia)   

Binding Buffer 

               6.1.6  10%Human serum albumin (HSA)  

               6.1.7  Red cell lysis buffer (see appendix) 

   6.1.8  Priming buffer (see appendix) 

   6.1.9  Sample buffer (see appendix) 

   6.1.10 Antibodies for negative selection and immunomagnetic beads anti  

CD3, CD11b, CD15, CD45RA antibodies (Miltenyi Biotech, Germany) 

   6.1.11 rhEpo (Chugai Pharmaceutical, Tokyo, Japan) 

   6.1.12 rhSCF (Kirin-Brewery, Tokyo, Japan) 

   6.1.13 rhIL-3 (Kirin-Brewery, Tokyo, Japan) 

   6.1.14 Lymphocyte separation medium (LSM) (density 1.077±0.001 g/ml) 

(ICN/Cappel) 

   6.1.15 Transferrin (Boiehringer Mannheim, Germany) 

               6.1.16 Bovine serum albumin (BSA; Sigma, U.S.A) 

               6.1.17 Lipid suspension (Lp-3; Sigma Chemical, St Louis, MO)        

 

       6.2 Reagents for siRNA transfection               

               6.2.1 LipofectamineTM2000   (Invitrogen, U.S.A.) 

 6.2.2 Opti-MEM I (Gibco, BRL) 
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       6.3 Reagents for reverse transcrition PCR and real time PCR 

               6.3.1 TRIzol reagent (Invitrogen, U.S.A) 

    6.3.2 AMV reverse transcriptase XL (Takara Bio INC, Japan)   

               6.3.3 Ribonuclease inhibitor (Takara Bio Inc., Japan) 

   6.3.4 Lightcycler FastStart DNA Master SYBR Green I (Roche, Germany) 

 

       6.4 Reagents for apoptosis assay 

               Annexin V-FITC Kit (Immunotech, Coulter Company, France) 

               Annexin V-FITC   

               Propidium iodide (PI) 

 

       6.5 Reagents for protein extraction and concentration measurement 

               6.5.1 Lysis buffer (see appendix) 

               6.5.2 BAC Protein Assay Reagent Kit (Pierce, U.S.A.)  

 

7. siRNA design  

           

       α-globin specific siRNAs (provided by Assoc. Prof. Dr. Muta koichiro) were 

designed by Ambion web page, followed the siRNA design guidelines, and were 

synthesized, and purified via RNAse free HPLC by Integrated DNA Technologies, 

Inc. (Genome Science Laboratories co., Ltd, Japan), β-actin and Lamin A/C-FITC 

specific siRNA were product of FASMAC, greiner bio-one, Japan.  

       The sequences of α-globin specific siRNAs, β-actin, and Lamin A/C-FITC siRNA 

were as following: 

 

       αα-globin siRNA (N1) 

               siRNA HBA 1:  

                       5'-GACCUACUUCCCGCACUUCTT-3  

               3'- TTCUGGAUGAAGGGCGUGAAG-5'    
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               Position in mRNA sequence relative with start codon: 121 (exon II) 

               GC content: 52.4% 

         

αα-globin siRNA (N2) 

               siRNA HBA 2:  

                       5'-CUUCAAGCUCCUAAGCCACTT-3' 

               3'-TTGAAGUUCGAGGAUUCGGUG-5'                

               Position in mRNA sequence relative with start codon: 291 (exon II-III) 

               GC content: 47.6% 

       ββ-actin siRNA 

                       5'-UGAAGAUCAAGAUCAUUGCTT-3' 

               3'-TTACUUCUAGUUCUAGUAACG-5'        

       Lamin A/C siRNA-FITC 

                       5' FITC-CUGGACUUCCAGAAGAACATT-3' 

               3'-TTGACCUGAAGGUCUUCUUGU-5' 

 

8. Purification and expansion of erythroid colony forming cells 

(ECFCs) (91-94) 

      Light-density mononuclear cells were obtained from peripheral blood buffy coats 

from normal volunteers by density centrifugation at 1800 rpm, 25 minutes using 

Lymphocyte Separation medium (LSM) (1.077 g/ml). Adherent cells were depleted by 

a one hour incubation in a polystyrene tissue culture flask at 4°C. No adherent cells 

were collected and ECFCs were purified by negative selection, using anti-CD3, 

CD11b, CD15 and CD45RA antibodies and immunomagnetic beads with Vario-

MACS column. The remaining cells were then cultured in Iscove’s Modified 

Dulbecco Medium, containing 15% heat-inactivated fetal calf serum (FCS), 15% 

pooled human AB serum, 2U/ml rhEPO, 20 ng/ml SCF, 10 ng/ml rhIL-3, at 37 °C in a 

high-humidity 5% CO2, 95% air incubator (day 0). On day 3 and the experiment day, 

the cells were centrifuged over LSM, then collected and incubated under the same 

conditions, but without IL-3. The cultured cells were collected on the day of 

experiment. 
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9.  Serum free liquid culture of ECFCs (92) 

 

       The ECFCs (1x10
6
 cells/ml) on experiment days were incubated in serum free 

liquid medium. The serum free medium containing 50% IMDM, 50% F-12 medium 

with 1% detoxified bovine serum albumin (BSA), 300 µg/ml iron-saturated 

transferrin, and 2 U/ml rhEPO, 20 ng/ml SCF, and cultured at 37°C in a high humidity 

5% CO2, 95% air incubator. 

 

10. siRNA transfection method by lipofectamine 

 

       siRNA were transfected into cells by lipofectamine
TM

2000 solution (87). ECFCs 

were prepared to concentration 1×10
6
 cells/ml in serum free medium and then placed 

LQ� ��� ZHOO� SODWH�� VL51$� ZDV� GLOXWHG� LQ� ���� �O� RI� 2SWL-MEM I Reduced Serum 

Medium. Lipofectamine were gently mixed before use, then dilute the appropriate 

amount in 250 µl OptiMEM-I , and incubatde for 5 minutes at room temperature. After 

that diluted siRNA was combined with the diluted Lipofectamine, mixed gently and 

incubated for 20 minutes at room temperature.  Then siRNA-Lipofecmine complexes 

were added to each well of ECFCs suspension, and mixed gently by rocking the plate 

back and forth. Incubated the transfected cells at 37°C, 5% CO2 incubator for indicated 

time. 

 

11. Trypan blue staining 

 

       Trypan blue will stain dead or dying cells.  Viable cells are able to repel the dye 

and do not stain. To evaluate percent cell viability, cells were collected and stained 

with trypan blue. Then, the stained and unstained cells were counted separately by 

hemacytometer, under light microscope (400x). 
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12. Apoptosis assay 

 
       The cellular apoptosis was measured by membrane redistribution of phosphatidyl 

serine (PS), using an annexin V-FITC apoptosis detection kit, bases on the binding 

properties of annexin V to phosphatidyl serine and on the DNA-interacting capabilities 

of propidium iodide (PI). Following the kit application, ECFCs samples were washed 

with ice-cold PBS for 5 minutes at 500x g at 4°C.  The cell pellets were collected and 

resuspend in cold binding buffer to concentration 5x10
5
-5x10

6
 cells/ml. One hundred 

of cell suspendtion was treated 1 µl of annexin V-FITC solution and 5 µl of dissolved 

PI on ice and incubate for 10 minutes in the dark. After that, 400 µl of cold biding 

buffer was added, and mixed. The cell samples were the analyzed by flow cytometer. 

 

13.  RNA isolation 

 

       RNA wsa extracted from the ECFCs at the indicated times by TRIzol reagent. The 

method of extract followed to the protocol of TRIzol as following: 

               1.  Pellet cell by centrifugation (10000 rpm, 20 second, 4°C) (1.5×10
6
 cells) 

2. Lyses cells in 1 ml TRIzol reagent by repetitive pipetting (can be stored 

at -70°C for one month 

3. Incubate at room temperature for 5 minutes 

4. Add 0.2 ml of chloroform per 4 ml of TRIzol  

5. Shake tubes vigorously by hand for 15 seconds and incubate them at 

room temperature for 2-3 minutes 

6. Centrifuge the samples at 14,000 rpm, 15 minutes, 4°C 

7. RNA remain exclusively in the colorless upper aqueous please  

8. Transfer the aqueous phase to a fresh tube 

9. Add isopropyl alcohol 0.5 ml, then incubate at  room  temperature  for 10  

minutes, and centrifuge at 14,000 rpm for 10 minutes, 4°C 

10. Remove the supernatant, wash  the  RNA  pellet  once with  75%  ethanol             

(1 ml), vortexing, and centrifuge at 14,000 rpm, 5 minutes, 4°C  

11. Remove  supernatant,  briefly  dry  the  RNA  pellet  by  air-dry,  for 5-10 
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minutes  

12. Dissolve RNA in RNase-free water 

13. RNA was measured concentration by phocytometer at OD260, the 

OD260/OD280 ratio > 1.8, and RNA concentration were calculated follow RNA 

isolation reagent protocol. 

 

14.  Reverse transcription PCR  

 

       mRNA samples from cells at the indicated times were measured concentration by 

photometer at 260 nm. The purity of mRNA were determined by the ratio of 

OD260/OD280 must more than 1.8. mRNA concentration were calculated, and done 

reverse transcription PCR for 1 cycle as following protocol: 

               1.  Prepare 1 µg of mRNA (in DW 9.5 µl) 

               2.  MgCl2                                                          4.0  µl  

               3.  10xPCR buffer                                            2.0  µl 

               4.  dNTP                                                           2.0  µl 

               5.  random primer                                            1.0  µl 

               6.  AMV Reverse Transcriptase XL, Takara   1.0  µl 

               7.  Ribonuclease Inhibitor                                0.5  µl 

2. Final concentration was mRNA 1µg in reagent 20 µl  

Reverse transcription PCR were performed 1 cycle, the steps of reaction as following: 

2. 30°C, 10 minutes 

2. 42°C, 30 minutes 

3. 99°C,   5 minutes 

4. 5°C,   5 minutes 

5. 4°C,   pause 

 

15. Real Time PCR  

 

       Primers for α-globin mRNA were designed to evaluated amount  α-globin mRNA 



 

 

 

Orawan Sarakul                                                                                                  Materials and Methods / 30 

sense and antisense position covered α-globin mRNA. sequence, which targeted of all 

two  α-globin siRNAs 

Primer sequences  

               α-globin-s       ATGGTGCTGTCTCCTGCCGAC 

 α-globin-as     AGGGTCACCAGCAGGCAGTGG 

 β-globin-s       AGGTTCTTTGAGTCCTTTG 

 β-globin-as      AGCCACCACTTTCTGATAG 

       Prepare the reagent and cDNA sample per reaction as following  

1. cDNA product from reverse transcription PCR , 2 µl (100 ng)  

2. Distilled water                                11.6 µl 

3. MgCl2                                               2.4 µl 

4. Primer sense strand (10 pmol)         1.0 µl 

5. Primer antisense strand (10 pmol)   1.0 µl 

6. Master SYBR Green I                      2.0 µl 

7. Final concentration was 100 ng cDNA in 20 µl reagent. 

       Real time PCR were performed 1 cycle, the steps of reaction as following: 

95°C, 10 minutes (1 cycle) by Light cycler. 

1.   95°C, 10 minutes  

2. 40 cycles of 10 second at 95°C, 15 second at 65°C (for α-globin mRNA)  

(96) or at 54°C (for β-globin mRNA), 13 second at 72°C   

3. 65°C, 10 minutes, and then hold sample at 4°C 

 

16. Globin chain assay by urea-acetic-Triton X PAGE (95) 

 

       The ECFC, were determined globin chain production by urea-acetic acid-Triton X 

PAGE. The cells were washed three times with 0.9% NaCl and then lysed with a one-

fold volume of distilled water. Hemolysates were stored at -20°C until assayed. The 

electrophoresis steps were processed as following:        

       Reagents  

               1.  Working gel: 12% polyacrylamide gel (see appendix for preparation)  
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2.   Electrophoresis buffer: 5% acetic acid (see appendix for preparation) 

3.   Sample buffer (see appendix for preparation)   

4.   Ammonium persulfate (10%APS) (see appendix for preparation) 

5.   NNN′N′-tetramethyethlenediamine (TMED) 

6.  Stainning solution (0.25% Coomassie blue) (see appendix for preparation) 

7.  Destainning solution (see appendix for preparation)  

8.  2-Mercaptoethanol  

        Procedure 

1.  Set glass plate in horizontal position 

  Prepare gel 

  Working gel            20  ml 

  TEMED  ���������������O� 
  10%APS                     267  µl 

                3.  Pour gel in horizontal position, then insert comb 

     4.  Stand at room temperature for 2 hours in moisture chamber 

     5.  Take comb out of gel and wash well with 5% acetic acid 

     6.  Add 5% acetic acid (electrophoresis buffer) into a tank (about 500 ml) 

7. Fix pre-electrophoresis from positive to negative for 1 hour 30 minutes  

CV constant; select CV 300 volts→adjust to 200 volts (∼50 mA to 22 mA) 

     8.  Wash wells with 5% acetic acid and change new electrophoresis buffer 

     9.  Apply 2-Mercaptoethanol, 5µl / well 

     10. Second pre-electrophoresis CV constant; select CV 300 volt→adjust to 

150 volts (∼20 mA) 

     11. Wash wells with 5% acetic acid and change new electrophoresis buffer 

     12. Prepare sample before run electrophoresis  

Sample (µl): Sample buffer (µl) =1:1 

     13. Apply prepared sample well 10 µl / well 

     14. Run electrophoresis for 2 hours by CV constant; select CV 300 

volt→adjust   to 200 volts 

     15. Take gel out of glass plate  

     16. Stain with 0.05% coomasie blue for 15 minutes 
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     17. Destain with destaining solution onetime for 30 minutes, the overnight 

and     shaking 

     18. Destain until the background of gel is clear. Globin chains density were 

analyzed by densitometer, background was sub tacked in all detected. 

 

17. Benzidine staining 

 

         Hemoglobin positive cells were determined by benzidine staining  

                1.  Prepare cells 10
4
-10

5
 cells / slide by cytocentrifuge preparation 

     2.  Fix in 100% Methanol for 5 minutes 

     3.  Stain with 2% benzidine in 100% methanol for 15-20 minutes 

     4.  Take slide to place in fresh prepared H2O2, 3 minutes 

                        30% H2O2             1  ml 

      100% MetOH                    22.5  ml 

             DW                                   16.5   ml 

             Total                       40  ml 

 

18.  May-Gruenwald’s-Giemsa staining 

 

       The morphology of cells were determine by May-Gruenwald’s-Giemsa staining, 

the steps of staining as following: 

                1. Prepare cells 10
4
-10

5
 cells / slide 

     2. Stain with May-Gruenwald′s solultion, 3 minutes  

     3. Wash slide by rinse with water 

     4. Stain with Giemsa′solution, 10 minutes 

                    (Giemsa solution 6 drops: May Giemsa solution 4 drops / sample) 

     5. Rinse with water, and then dry with air 

                6. Determine cell morphology under light microscope 
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19.  Protein extraction 

       

       β-actin gene suppression affect of  β-actin siRNA were determined  by western  

bolting assay. At indicated times, 1x10
6
 cells were harvested and washes two times 

with 3 ml of cold PBS, then centrifuged at 2,000-3,000 rpm for 5 minutes. After that, 

cell pellet was resuspended in 100 ml of lysis buffer (see appendix), and then vortex 

about 5 seconds, and incubated on boiling water for 5 minutes followed by on iced for 

5 minutes. After that centrifuged at 10,000 rpm for 5 minutes, supernatant was 

collected, and gave at -20°C until use for western blot analysis). 

       

20. Western blot assay  

       

       To determined β-actin protein of β-actin siRNA transfected and non-transfected 

cells, cell were extracted protein (from step18). Then protein was measured the 

concentration by BCA Protein Assay Kit, and measured the absorbance at 570 nm (by 

Wallac ARVO.SX, 1420 Multilabel counter), Protein concentration was calculate 

upon standard curve.  

       Raunning gel (see appendix), were prepared and poured into glass set and stand at 

room temperature for 2 hours. After that poured stacking gel (see appendix) on to 

running gel, and stranded at Room temperature for 2 hours, and then added running 

buffer to electrophoresis tank (see appendix). Then, 1 µg of protein was in 0.2% 

trypan blue solution (total 20 µl) was applied into each well, and the run 

electrophoresis with 50 mA for 1 hour. After that, transferred protein from gel to 

membrane by BIO-RAD Transfer Blot (Biorad). Then membrane were treated with 

mouse anti-β-actin antibody as the primary antibody and then were treated with rabbit 

anti-mouse antibody as the secondary antibody. β-actin protein bands were detected by 

ECL Plus Western  blotting detection reagent (Amersham Biosciences, Germany) , 

and band density were analyzed by Image J program (http://rsb.info.nih.gov/ij/java). 
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21. Statistical Analysis 

  

       The different mean of mRNA quantities, percent apoptosis, percent viability, 

between control condition and siRNA transfected condition were analyzed the 

significance by Paired-t test (SPSS). 
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CHAPTER V 

RESULTS 

 

1.  Experimental optimization  

 

1.1 Lipofectamine transfection efficiency 

To study lipofectamine containing siRNA transfection efficiency in ECFCs, day 6 

ECFCs (total 1x10
6 

in 1 ml cell culture medium) were transfected with lipofectamine 

5, 10, 20 µg with lamin A/C- siRNA-FITC 0.2, 0.5, 1.0, 5.0 µg, respectively.  After 

24-hour incubation, 1x10
5 

cells were collected and counted by flow cytometer to 

determine the percentages of lamin A/C siRNA-FITC positive cells. The results 

showed the highest transfection efficiency as an average percent fluorescent positive 

cell at 10 µg of lipofectamine (Table 2 and Figure 8 and 9). The results showed the 

highest yield when 10 µg of lipofectamine was used for all level of lamin A/C siRNA-

FITC. The mean were 47.9 %, 54.4 %, 57.6 %, and 65.9 % under 0.2, 0.5, 1.0, 5.0 µg 

of lamin A/C siRNA-FITC per 1x10
6 

ECFCs, respectively. However, these percentage 

were not much higher than those from 5 µg of lipofectamine treatment. Therefore, 5 

µg of lipofectamine was used for the following experiments. 

 

1.2  ββ-actin   mRNA   suppression  by  ββ-actin   siRNA   transfection  via  

lipofectamine 

               Study of β-actin siRNA ability to suppress the β-actin mRNA function via 

lipofectamine tranfection, the ECFCs were transfected with β-actin siRNA-

lipofectamine and harvested after 24, and 48 hours incubation. Then, β-actin protein 

was detected by western blot analysis. As show in Figure 10, the amount of  β-actin 

protein were decreased under β-actin siRNA suppression in dose dependent manner. 

More suppression was detected at 48 hours than 24 hours after transfection. Percent 

band density detected by Image J program at 48 hours of transfection was shown  in 

Figure 11. The more β-actin siRNA was used, the band density was lower
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Table 2. The percent of lamin A/C siRNA-FITC positive cells (mean ±SD) (n=3), 

after 24 hours of transfection. 

 

 

Percent lamin A/C siRNA-FITC positive cells  

 

Lipofectamine (µµg) 

 

Lamin A/C 

siRNA-FITC 

(µµg)         0                5                   10                  20 

 

0 

0.2 

0.5 

1.0 

5.0 

         

        0                ND                 ND                0 

      ND*       47.7 ± 4.1      47.9 ± 4.1     25.7 ± 1.0 

      ND         51.2 ± 1.6      54.4 ± 0.6     31.3 ± 1.3  

      ND         55.2 ± 0.7      57.6 ± 0.9     39.8 ± 1.8 

      ND         63.6 ± 2.3      65.9 ± 2.3     59.1 ± 1.6 

          

 

          ND* = Not done
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Figure 8: The percentage of laminA/C siRNA-FITC positive cells after 24 hour 

transfection. 

ECFCs (1x10
6 

cells) were transfected with or without various laminA/C siRNA-FITC 

in different amount of lipofectamine. White, gray, and black bars of each groups 

represented 5.0, 10.0, and 20.0 µg of lipofectamine transfected condition, respectively 

(n=3). Mean values were shown over each bar. Control ECFCs (untransfected cells) 

and cells treated with 20 µg lipofectamine only, no LaminA/C siRNA-FITC positive 

cells detected. 
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Figure 9: An example of histogram showes area of laminA/C siRNA-FITC positive 

cells detected by flow cytometer. 

The results averaged from 10,000 cells counted. A is control (untransfected cells) and 

B is cell treated 20 µg lipofectamine without lamin A/C siRNA-FITC. C-E, F-G, I-K, 

and L-N are 0.2, 0.5, 1.0, and 5.0 µg lamin A/C siRNA-FITC, respectively. Each 

group of three figures was analyzed in different lipofectamine concentrations 5 µg (C, 

F, I, L), 10 µg (D, G, J, M), and 20 µg (E, H, K, N), the percentage shown in each 

histogram averaged from 3 experiments. 
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Figure 10: The amount of β-actin protein from western blotting.  

Transfected ECFCs were harvested at 24 and 48 hours. Three hundred micrograms of 

protein were western blotting. The β-actin protein was detected by using mouse anti-β-

actin as a primary antibody and rabbit anti-mouse antibody as a secondary antibody.  
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                       ββ-actin siRNA (µµg)            
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Figure 11: The mean percentage of β-actin band density. 

ECFCs were collected and determined β-actin protein product by western blot analysis 

at 48 hour after transfected with 0-2.0 µg of β-actin siRNA (n=2). Decreased percent 

β-actin band densities were deteced in dose dependence manner when determined by 

Image J program (http://rsb.info.nih.gov/ij/java). Average percent band densities from 

2 experiments were shown over each bar. 
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2. Cell viability and cell apoptosis studied. 

 

       2.1 Percent cell viability after siRNA transfected with lipofectamine 

containing siRNA. 

               To determine the effect of α-globin siRNA-lipofectamine transfection on cell 

viability, 48 hour transfected cells were stained by 0.4% trypan blue staining. One 

hundred cells were counted under the light microscope as shown in Table 3 and Figure 

12. Mean of percent trypan blue positive cells under condition with or without α-

globin siRNA were less than 15 percent (n=3), and was not significance different 

between control and siRNA transfected conditions (p>0.05).  

 

       2.2 The effect of siRNA on cell apoptosis 

               To study the effect of siRNAs on cell apoptosis, 48-hour transfected cells 

were stained with annexin V-FITC and propridium iodide. Then, 10,000 cells were 

determined for both annexin/PI and annexin V positive cells by flow cytometer. The 

means of percent apoptotic cells from three independent experiments were showed in 

Table 4 and Figure 13 and 14.     The percent apoptotic cells of all conditions were not 

significantly different (n=3, p>0.01). 
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Table 3: The percentages of viable cells at 48 hours after transfection examined by 

trypan blue exclusion staining method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Percent cells viability 

Experiment No. 
SiRNA-lipofectamine 

condition 

 

lipofectamine       αα-globin 

       (µµg)               siRNA-N1 

                                  (µµg)        

 

1 

 

2 

 

3 

 

Mean ± SD 

0                        0 94 95 91 93 ± 2 

5                        0 94 88 88 90 ± 3 

5                      0.2 88 94 89 90 ± 3 

5                      0.5 98 90 95 94 ± 4 

5                      1.0 79 88 88 85 ± 5 

5                      5.0 92 90 91 91 ± 1 
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Figure 12: The percentages of cell viability. 

Cell viability at 48 hours after transfection with or without siRNAs was determined by 

trypan blue exclusion. Means of percent cell viability were represented by the numbers 

over bars (n=3). 
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Table 4: The percentage of apoptotic cells at 48 hours of transfection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Percent apoptotic cells 

Experiment No. 
SiRNA-lipofectamine 

condition 

 

lipofectamine       αα-globin 

       (µµg)               siRNA-N1 

                                  (µµg)          

 

1 

 

2 

 

3 

 

Mean ± SD 

          0                         0 4.2 2.2 1.8 2.7 ± 1.3 

          5                        0  2.5 1.9 2.1 2.2 ± 3.1 

          5                      0.2 3.5 1.7 1.4 2.2 ± 1.1 

5                      0.5 3.4 1.7 1.5 2.2 ± 1.0 

5                      1.0 4.5 1.7 1.6 2.6 ± 1.7 

5                      5.0 4.3 1.6 1.9 2.6 ± 1.5 
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Figure 13: Means of percent apoptotic cells determined by flow cytometer analysis.  

At 48 hous after transfecting α-globin siRNA, the cells with were stained with annexin 

V-FITC and propridium iodide (PI), and were determined  the percent of apoptotic 

cells (annexin V
+
 and annexin V

+
/PI

+
) by flow cytometer (n=3). 
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% Apoptosis cells (at 48 hours after transfection) 

  

                               
      

 

                          
 

                                                               
                                                              
                                                         

                                                                                       

                                                                                                  

Figure 14: Scatter gram from apoptosis assay by flow cytometer. 

The means of percent annexin V-FITC
+
 and annexin

+
/PI

+
 (D2 and D4) of each figure 

averaged from three experiments. Percent apoptosis of various concentration of α-

globin siRNA transfected condition (C-F) were not differ from control both 

untransfected (A) and only lipofectamine condition (B).  
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3. αα-globin mRNA suppression by αα-globin siRNAs 

 

       3.1 The effect of αα-globin siRNAs targeting to different sites of αα-globin 

mRNA 

               Day 6 ECFCs were transfected separately experiments with lipofectamine 

containing α-globin siRNA targeted to 2 different sites of α-globin mRNA (coded as 

N1, N2). The α-globin mRNA was measured from extracted RNA from 48 hours 

transfected cells by 1 cycle-reverse transcription following by real time PCR. 

Percentages of α-globin mRNA of the tested conditions relatively to that of control 

cells and the cells transfected with lipofectamine only were showed in Table 5 and 6, 

respectively. The results showed only N1- siRNA significantly suppressed mRNA 

expression (p<0.05). β-actin siRNA did not showed any effect on α-globin mRNA 

suppression (Table 5 and 6  and Figure15).   

 

       3.2 The αα-globin mRNA suppression by αα-globin siRNA on the different 

concentrations at the same time (48 hours) after transfection.  

               Various concentration of α-globin siRNA (N1) (0.2, 0.5, 1.0, 5.0 µg) was 

transfected with lipofectamine. After 48 hours of transfection, cells were harvested 

and processed mRNA assays as above. At siRNA 1.0 µg, normalize value of α-globin 

mRNA relative with control was lowest compared with the other conditions. The 

percentage of mRNA relative with control from 3 independent experiments showed in 

Table 7 and Figure 16. 

 

       3.3 The effect of time on αα-globin siRNA function 

              The efficiency of siRNA function on α-globin mRNA in the different times 

after transfection with same concentration of α-globin siRNA. mRNA were extracted 

after transfected with α-globin siRNA-lipofectamine (N1, 1.0 µg) at 24, 48, 72 hours, 

respectively. Then the α-globin mRNA were processed to determined percent of α-

globin mRNA compare with cells transfected with lipofectamine only by the method 

as describe above. The results showed decreasing amount of α-globin mRNA to 82.4 

% at 24-hour incubation and peaked to 55.3 % at 48 hours.  The effect of siRNA was 
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decrease at 72-hour after transfection (Table 8, Figure 17). These results from 2 

independent experiments indicating that α-globin siRNA had the highest effect on α-

globin mRNA suppression at 48 hours after transfection. 

 

       3.4 Specificity of αα-globin siRNA. 

               The cells were transfected α-globin siRNA-lipofectamine, after 48 hours of 

transfection, cells were harvested and analyzed the β-globin mRNAs, by reverse 

transcription PCR and quantified β-globin mRNAs by real time PCR. Normalize of β-

globin mRNAs relative with control of all condition showed no significant different    

(p>0.05) (Table 9, Figure 18).  

 

       3.5 Effect of αα-globin siRNA on hemoglobin synthesis. 

               The cells were collected after 48 and 96 hours of transfection, and then 

stained with 2% benzidine to detected hemoglobin positive cells. The benzidine 

positive cells were show in Figure 19. The percent benzidine positive cells showed in 

Table 9-10. The cells morphology were determined by May-Gruenwald-

Giemsa’staining (Figure 20), the stage of cells at 96 hours of transfection were in 

Table 11. All condition at 48 hour of transfection, cells were mainly in early 

basophilic erythroblast. At 96 hours after transfection, siRNA transfected condition, 

the late mature cells were lower than control cell condition but not significantly 

different (p>0.05, n=3). 

 

       3.6 Effect of αα-globin siRNA on αα-globin chain protein synthesis. 

               Globin chains were determined by urea-acetic Triton X gels electrophoresis 

and detected the density by densitometry at 48 and 96 hour of transfection (Figure 21 

and 22). The ratio of α/β-globin chain band density at 48 amd 96 hours were 

calculated and showed in Table 12 and 13, respectively. Means of α/β-globin chain 

had not significant different between control cells and α-globin siRNA transfected 

cells conditions (p>0.05, n=2). 
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Table 5: Normalize value of α-globin mRNA concentration relative with control at 48 

hours after transfection with α-globin siRNAs (N1, N2), and β-actin siRNA. 

 

Percent normalize of αα-globin mRNA 

concentration relative with control 

(untransfected cells) 
siRNA-lipofectamine 

conditions 
Experiment  

 no.1 

Experiment  

no.2 

Mean  

Control 

(untransfected cells) 
100.0 100.0 100.0 

Lipofectamine 83.3 83.6 83.4 

N1* 67.2 71.2 69.2 

N2* 86.2 84.1 85.1 

ββ-actin siRNA* 85.5 76.4 81.0 

 

 

Table 6: Normalize value of α-globin mRNA concentration relative with cells 

incubated with lipofectamine only. 

 

Percent normalize of αα-globin mRNA 

concentration relative with control 

(lipofectamine treated cells only) 
SiRNA-lipofectamine 

conditions 
Experiment  

 no.1 

Experiment  

no.2 

Mean  

Control 120.1 119.6 119.9 

Lipofectamine 100.0 100.0 100.0 

N1* 80.7 85.1 82.9 

N2* 103.5 100.6 102.1 

ββ-actin siRNA* 102.7 91.4 97.0 

 

                *Compose of 0.5 µg siRNA with 5 µg lipofectamine per 1x10
6
 cells 
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Figure 15: Mean of the α-globin mRNA normalize relative with control. 

Cells were transfected with siRNAs that sequences specific to different sites on target 

α-globin mRNA. Means of the α-globin mRNA normalized relative to control cell 

condition (represent by white bar) and normalized relative to only lipofectamine 

treated cell condition (represent by gray bar), all conditions were from 2 experiments.    
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Table 7: Normalize value of α-globin mRNA quantity (relative with untransfected 

cells) after 48 hours of transfection with different concentration of α-globin siRNA 

(N1) (n=3). 

 

 

 

 

 

 

 

 

 

Precent  normalize of αα-globin mRNA relative 

with  control (untransfected cells) 

siRNA-lipofectamine 

condition 

 

lipofectamine       αα-globin 

       (µµg)               siRNA-N1 

                                  (µµg)        

 

1 

 

2 

 

3 

 

Mean ± SD 

          0                         0 100 100 100 100  

          5                         0 83.4 103.6 89.8 91.3 ± 8.7 

          5                      0.2 64.6 68.5 82.8 72.0 ± 9.6 

5                      0.5 50.2 56.0 51.3 52.5 ± 3.1 

5                      1.0 46.0 57.1 39.4 47.5 ± 8.9 

5                      5.0 61.4 59.6 54.6 58.5 ± 3.5 

                               ββ-actin       

         5                    siRNA 

                               (1.0µµg) 

81.1 97.2 96.0 91.4 ± 9.0 
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Figure 16: Means of α-globin mRNA normalize relative with control (untransfected 

cells).  

The means of percent α-globin mRNA normalize (represented by numbers over bars)  

relative with control at 48 hour of transfection with different concentration of α-globin 

siRNA (n=3).  
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Table 8: Normalize values of α-globin mRNA (relative with lipofectamine transfected 

cells) after 24, 48, 72 hours of transfection with different concentrations of α-globin 

siRNA-N1 (n=2). 

 

Percent normalize of αα-globin mRNA 

relative with only lipofectamine 

treated cells 
siRNA-lipofectamine 

condition 

Hours of 

transfection 
Experiment 

no.1 

Experiment 

no.2 
Mean 

24 82.4 80.2 81.0 

48 53.5 57.0 55.3 
αα-globin siRNA (1 µµg) 

/ lipofectamine (5 µµg) 

72 75.7 81.1 78.4 
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Figure 17: Means of α-globin mRNA quantify normalize relative with lipofectamine 

treated cell.  

Means of α-globin mRNA quantify normalize relative with lipofectamine treated cell 

(without α-globin siRNA)  transfected cells condition (n=2). The α-globin mRNA 

were quantified after transfect with α-globin siRNA (N1, 1.0 µg) at 24, 48, and 72 

hours, respectively.  
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Figure 18: Mean of α-globin and β-globin mRNAs normalize relative with control. 

Percent mean of α-globin and β-globin mRNAs normalize relative with control at 48 

hours after transfected cells with various concentrations of α-globin siRNA (n=3). The 

β-globin mRNA show no significantly different between control (untransfected cells) 

and α-globin siRNA transfected cells condition (p>0.05). 
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Table 9: αα / ββ mRNA ratio 

After 48 hours of transfection cells were quantify the amount of α and β globin 

mRNA, and calculated mean of α  and β globin mRNA ratio. 

 

 

SiRNA-lipofectamine 

Condition 

Lipofectamine 

(µµg) 

αα-siRNA (N1) 

(µµg)  

αα / ββ mRNA 

ratio 

0 0 1.3 

5 0 1.2 

5 0.2 1.1 

5 0.5 0.7 

5 1.0 0.5 

5 5.0 1.0 

5 
ββ-actin siRNA  

(1.0 µµg) 
1.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

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

Table 10: Percent benzidine positive cells (48 hours after transfection, day 8 ECFCs). 

 

Percent benzidine positive cells siRNA 

conditions Negative 1+ 2+ 
Total of 

positive cells 

 

Control 
 

35 23 41 64 

 

Lipofectamine 
 

32 26 41 67 

αα-globin siRNA 

(1.0 µµg) 
40 26 35 61 

 

Table 11: Percent benzidine positive cells (96 hours after transfection, day 10 

ECFCs). 

 

Percent benzidine positive cells siRNA 

conditions Negative 1+ 2+ 
Total of 

positive cells 

 

Control 
 

21 15 64 79 

 

Lipofectamine 
 

20 17 60 77 

αα-globin siRNA 

(1.0 µµg) 
47 11 42 53 
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                  2+                                              1+                                        Negative 

                                               

 

 

 

                      

 

    

 

                            

 

 

 

Figure 19: The benzidine positive cells.  

At 48 (A-C) and 96 (D-F) hours after transfectio, cell were stained with benzidine. 

Figure A and D showed the benzidine positive cells of control, B and E were cells 

treated with lipofectamine only, C and F cells were transfected with 1.0 µg, α-globin 

siRNA-lipofectamine, respectively. 
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Figure 20: Morphology of cells. 

At 48 and 96 hours of siRNA-lipofectamine transfection cell were stained with May-

Gruenwald’s-Giemsa (detected under 1000x, light microscope). Figure A and D 

showed the cells morphology of control, B and E were cells treated with lipofectamine 

only, C and D cells were transfected with 1.0 µg, α-globin siRNA-lipofectamine, 

respectively. 
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Table 12: The stage of cells at 96 hours (day 10 ECFCs). 

 

Stage of cells (mean±±SD)  

SiRNA-

lipofectamine 

conditions 

Pronormoblast 
Basophilic 

normoblast 

Polychromatic  

normoblast 

Orthrochhromatic 

normoblast 

Control 5 ± 1 18 ± 4 76 ± 5 1 

Lipofectamine 4 ± 2 21 ± 1 74 ± 1 1 

αα-globin 

siRNA 

(1.0 µµg) 

5 ± 1 25 ± 4 69 ± 3 1 
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Table 13: α/β globin chain density at 48 hours after transfection (Day 8). 

 

 
αα/ββ globin chain density siRNA-

lipofectamine 

conditions 
Experiment 

No.1 

Experiment 

No.2 

mean 

Control 1.2 1.2 1.2 

Lipofectamine 1.0 1.2 1.1 
αα-globin siRNA  

1.0 (µµg) 
0.9 1.1 1.0 

 

 

Table 14: α/β globin chain density at 96 hours after transfection (day 10). 

 

 

αα/ββ globin chain density siRNA-

lipofectamine 

conditions 
Experiment 

No.1 

Experiment 

No.2 

mean 

Control 0.9 1.1 1.0 

Lipofectamine 0.9 1.1 1.0 
αα-globin siRNA  

1.0 (µµg) 
0.9 1.0 1.0 
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Experiment No.1 

 
 

Experiment No.2 

 

 

 

 

 

 
 

 

Figure 21. Globin chain band at 48 hours of transfection. 

β chain and α chain (n=2) at 48 hours after with or without α-globin siRNA 

transfection were analyzed by urea-acetic Triton X gel electrophoresis.  The first lane 

peripheral blood from normal donor, second is control, third lane is lipofectamine 

treated cells condition and the last lane is globin chains from α-globin siRNA 

transfection cells. 
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Experiment No.1 

 

                                              
 

Experiment No.2 

 

 
 

 

 

 

 

 

Figure 22. Globin chain band at 96 hours of transfection. 

β chain and α chain (of 2 experiments) at 96 hours after with or without α-globin 

siRNA transfection were analyzed by urea-acetic Triton X gel electrophoresis. The 

first lane is peripheral blood from normal donor, second is control, third lane is 

lipofectamine treated cells condition and the last lane is globin chains from α-globin 

siRNA transfection cells. 
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CHAPTER VI  

DISCUSSION 

 

        Erythrocytes contain hemoglobin up to 95% of the total soluble protein (15). The 

main function of hemoglobin is to carry oxygen from lungs to tissues and facilitates 

carbon dioxide transferring from tissues to lungs (17). Hemoglobin synthesis is 

FRQWUROOHG�E\�JORELQ�JHQHV�RQ�FKURPRVRPH����DQG���� IRU�.-JORELQ�DQG��-globin, as 

ZHOO�DV�RWKHU�QRQ�.-globin, respectively (1). A hemoglobin molecule composes of two 

dissimilar pairs of polypeptide subunits, each of which enclosed an iron-containing 

porphyrin designated heme. The subunit compositions are different during the stage of 

human development. In adults, 97%-98% of total adult hemoglobin in each 

erythrocyte is Hb A (α2β2). Minor hemoglobins are HbA2 (α2δ2, 2%-3%) and HbF 

(α2γ2, <1%) (15). Reduction or absence of globin chain production was found in 

globin gene disorders namely thalassemia, most commonly α- and β-thalassemia (1). 

This blood disorder is also an important health problem in Thailand (2, 3). The 

severity of thalassemia is varying upon the defect of globin genes. Unpaired globin 

chains or abnormal hemoglobins in thalassemic erythrocytes cause reduction of 

erythrocyte life span in circulation leading to anemia (1-5).  Unlike unpaired β-globin 

chain in α-thalassemia, the unpaired α-globin chains in β-thalassemic erythrocytes can 

not form α-globin tetramers. Therefore, they aggregate to form insoluble inclusion 

since in the erythrocyte precursors in bone marrow that causes ineffective 

erythropoiesis and erythrocyte destruction (5, 6). Many techniques aim to thalassemia 

treatment, especially in β-thalassemia, such as blood transfusion, iron chelation, bone 

marrow transplantation and gene therapy (3). Antisense technology is a new approach 

to repair defective genes (7, 8). Recently, a new methodology, RNA interference 

(RNAi), is introduced for gene function study and for target gene suppression. 

Reduction of un paired globin chains by this technique is an alternate for reducing the 

severity of thalassemia.  
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       In this study, RNAi technique was used in vitro to inhibit α-globin gene 

expression in erythroid precursor cells. Designed siRNA was introduced into 

erythroid precursor cells by cationic lipid, lipofectamine, transfection. The efficiency 

of this lipofectamine transfection studied by laminA/C siRNA–FITC varied from 26 % 

to 66 %, since amount of lipofectamine and siRNA affected this variation.  

Transfection efficiency of three independent experiments showed lower siRNA-FITC 

positive cells when 20 µg lipofectamine was used. This result may cause by randomly 

competition between free lipofectamine and lipofectamine contain siRNA. Increasing 

amount of laminA/C siRNA–FITC could enhance the transfecton efficiency. 

Additional factors affecting transfection efficiency are type of cells, cell density, and 

lipofectamine-siRNA complexing time (87). Alternative delivery systems, such as 

electrophoration, siRNA delivering via PCR-based amplification of siRNA expression 

cassettes, viral vector techniques (e.g. lentiviral, retroviral and adenoviral vectors) can 

also be used for transfering siRNA into host cells (66,88,89). However, liposome is 

recommended as a routine for siRNA transfection because it is easy to perform, but 

the siRNA is transient in cells (87). siRNA produced and amplified by PCR-based 

expression cassettes provides long function of siRNA in cells (67).  

       Studies on cell survival demonstrated that siRNA transfection did not affect on 

cell survival. The percentages of cell viability and cell apoptosis (both primary 

apoptotic change and secondary cell death), before and after transfection, were not 

significantly different (p>0.05). Amount of siRNA is another factor affecting RNA 

inhibition. Transfection of siRNA specific to β-actin mRNA demonstrated the 

reduction of β-actin protein production with siRNA concentration dependence. 

Duration time for transfection is also affected. Therefore, suitable condition was 

selected for α-globin mRNA inhibition. Two designed sequences of siRNAs (N1, N2) 

complementary to different regions of α-globin mRNA were tested their potential to 

inhibit the mRNA expression. Among these siRNAs, only N1 demonstrated 

significantly inhibitory effect (p<0.05). N1 sequence is complementary to nucleotide 

position 121-142 on α-globin mRNA which locates in exon II whereas N2 locates 

between exon II-III region, at position 291-312.  This indicated that siRNA sequences 

on the different sites of the same mRNA target had different effects to the down-
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regulate efficiency. Moreover, the inhibitory effect is clearly seen at mRNA level 

before translation, as shown by decreasing of α-globin mRNA level by reverse 

transcription and real time PCR. However, at translation level, inhibition by this 

siRNA did not clearly demonstrate. This might cause by the lower sensitivity of globin 

chain analysis by urea acetic Triton-X PAGE method. Detection of globin protein by 

specific antibody might be helpful. Another reason is the present of non-globin 

protein, such as nuclear protein, locating on the same position of α-globin band could 

interfere on α-globin band density and disrupted the demonstration of lower protein 

production. However, benzidine staining for cellular hemoglobin content supported 

the protein inhibition phenomenon (Figure 19), at 96 hours of transfection the 

inhibitory effect on protein was more obvious. α-Globin mRNA level increased from 

proerythroblast (day 6-7 of culture) and peak at day 10-12 of cultures when most of 

cells are polychromatic and orthrochromatic normoblast (96, 98). The long half-life of 

α-globin mRNA and protein stability may affect siRNA activity on protein level and 

may cause of loss-of-function phenotype because of only 72 hours stability of siRNA. 

The optimal concentration of siRNA is also a critical point of down-regulate 

efficiency. The highly effective of α-globin siRNA on α-globin mRNA deletion was 

at 1.0 µg (p<0.01, comparing to other amounts), while the higher concentration (5.0 

µg) had lower degradation effect. An excess of ds-siRNA may competitively block the 

active RISC, which contain as-siRNA guide strand, to bind with target mRNA (56). 

The siRNA transfection times also affected to mRNA targets deletion. Usually, siRNA 

inhibits mRNA expression during 2-4 days of lipofectamine transfection (87). This 

study also showed the siRNA inhibition at that duration time, the highest effect on α-

globin mRNA reduction was at 48 hours of transfection. The siRNA activity existed at 

72 hours in low activity. The specificity on α-globin mRNA target degradation was 

confirmed by non-significant effect on β-globin mRNA (p>0.05).  Since α- and β- 

globin mRNA has 49 percent homology sequences, and α-globin siRNA-N1 and –N2 

have 38 and 61 percent complementary to β- globin mRNA, respectively. However, 

the N1 and N2 sequences are not continuously complementary to β- globin mRNA 

longer than 3 bases. Thus these two α-globin siRNAs are highly specific to α-globin 

mRNA. Specificity of siRNA to α-globin mRNA expression in erythroid precursor 
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cells in vitro implies the possibility of RNAi technique for thalassemia therapy and 

pathophysiologic studies. 
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CHAPTER VII 

CONCLUSIONS 

 

       RNAi is a process of sequences specific gene silencing by double-stranded RNA 

(dsRNA) that is homologues in sequence to mRNA. It is widely used to study gene 

function in variety of experiment systems both in vitro and in vivo of mammalian cells 

include human cells. The efficiency of siRNA function in the cells upon to the type of 

cells, the sequences of siRNA on mRNA targets, the efficiency of siRNA transfection 

method. RNAi technology applications for genetic disorder therapy are researching to 

clarify its potential and limitations. 

       In this study, RNAi demonstrated its specific inhibitory function on α-globin 

mRNA in normal erythroid precursors. However, the half-life of mRNA and target 

protein, protein turn over can affect the protein reduction. This RNAi technique is 

recently actively as a tool for inhibition mRNA expression in many organisms. In the 

view of thalassemia, this technique could be used in blocking globin mRNA 

expression to restoring the balance of globin protein production as well as the study of 

pathology caused by unpaired globin chain in thalassemia.  

        In conclusion, RNAi technology is able to specific degraded the α-globin 

mRNAs in erythroid precursor cells in vitro. Transfection methods and structure of 

siRNA or siRNA synthesis procedures are the important points to expand the effect of 

siRNA in cells. The half-life of mRNA as wells as siRNA itself and target protein, and 

also protein turn over are the factor effect to siRNA effectiveness. The sensitivity of 

protein detection method is another important point of RNAi technology to study the 

effect on phenotypes. 
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APPENDIX 

 

Reagents Preparation 

 

       I.  Reagent preparation for ECFCs culture. 

         

               Red cell lysis buffer 

               NH4Cl                                           4.28        g 

               CHKO3                                           0.5        g 

               0.5M EDTA                                    5.0        ml 

               DW                                                495        ml 

               Total                                              500        ml 

 

               Priming buffer 

               DPBS                                              38         ml 

               25% HSA                                        12        ml 

               Total                                                50        ml 

 

               Sample buffer 

               5mM EDTA in DPBS                     49         ml 

               25% HSA                                           1        ml 

               Total                                                50         ml 

 

       II.  Reagent preparation for globin chain separation assay. 

         

             Working gel: 12% polyacrylamide gel 

               Acrylamide                          12        g 

               Bis-acrylamide                             0.08         g  

               Glacial acetic acid                          5.2         g 

               Triton X-100                            2.0         ml 
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               Urea                       34.6         g 

               Distilled�water to�������������������            100         ml������������ 
 

           Electrophoresis buffer: 5% acetic acid  

               Glacial acetic acid                           50         ml 

    Distilled water to                         1000         ml 

 

             Sample buffer  

               8 M urea                               5          ml 

               Glacial acetc acid                          0.5          ml 

    2�Mercaptoethanol������������������������������������ 0.5 ���������   ml 

 

               Ammonium persulfate (10%APS)  

               Ammonium persulfate                   0.1      ����g 

               Distilled�water�������������������������               1.0�������������ml 

 

               Stainning solution (0.25% Coomassie blue)  

               Coomassie brilliant blue R            2.5        g 

    Methanol                  50         ml 

    Acetic acid                                     10         ml 

    Distilled water                              100         ml 

 

               Destainning solution  

               Glacial acetic acid                          140       ml 

    Methanol                                        100       ml 

    Distilled water                              2000       ml 

 

       III.  Reagents preparation for protein preparation and western blot analysis 

  

               3x Lysis buffer 

               0.5 mM Tris-HCl  (PH 6.8)            18.75    ml 

               SDS (Sodium Lauryl Sulphate)        3.53    g 
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               Glycerol                                               15    g             

               Bromphenol Blue (C19H10SBr4O5)   3.75    ml 

               Distilled water                                      50   ml 

        

               1x Lysis buffer 

               3x Lysis buffer                                  97       µl 

               2-Mercaptoethanol                              3       µl   

               Distilled water                                200        ml 

 

               Running gel buffer 

               Tris (NH2(CH2OH))3                    1.82         g 

               SDS (Sodium Lauryl Sulfate)         0.4        g 

               Distilled water                                100        ml              

 

               Running gel (PH 8.8) 

               Running gel buffer                             4        ml                  

               30% AA                                          5.3        ml 

               Distilled water                                 6.7       ml          

               TEMED                                            20        µl 

               10% APS                                       150         µl  

               Total                                                16         ml 

                          

               Stacking gel buffer (pH 6.8)              

               Tris                                               15.1         g 

               SDS                                                1.0         g 

               Distilled water                               250         ml 

 

               Stacking gel  

               Upper gel buffer                           1.25         ml 

               30% AA (Acrylamide)                 0.75         ml 

               Distilled water                                   3         ml 

               TEMED                                           10         µl 
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               10% APS (Ammoniumpersufate)    50         µl 

               Running buffer (10x) 

               Tris                                               3.02         g 

               Glycine                                       14.05         g 

               SDS                                                   1         g 

               Distilled water                               100         ml 
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IV.  Stages of cell development on culture system. 

                              

 

                      
 

 

 

                   
     

 

 

 

 

Figure 23. The stage of erythroid colony forming cells development of cell 

culture. 

Day 6-7 of culturing, cells are mainly on proerythroblast, and develop to basophilic 

erythroblast stage on day 8-9. The early stages of polychromatic erythroblast on day 

10 and further develop to orthochromatic erythroblast and mature stage on day 12 

to14.   

        

 

 

 

 

 

        

        

Day 5 ECFCs Day 6-7 ECFCs Day 3 ECFCs 

Day 8-9 ECFCs Day 10 ECFCs Day 12-14 ECFCs 
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V.  Real Time PCR quantitation data. 

 

                

 

Figure 24: PCR product amplification curve 

PCR product amplification curve showed the fluorescence value of each product at 

each cycle of PCR reaction. The crossing point was selected at fluorescence value 

about 100 fold of background.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: Melting curve (real time PCR) 

The melting curve display the specific amplification of the α-globin mRNA, when 

starting with 100 ng of cDNA. 
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       Standard curve 

               The standard curve showed linear regression of concentration of PCR 

product and cycle number, PCR product were quantified by the cycle number (Cp) that 

gave the same fluorescence value via the following formula:  

 

              CCpp  ==  --(( //llooggEE))**lloogg  TT   ++  ((llooggKK//llooggEE))  

              ssllooppee  ==  --(( //llooggEE)) 

              YY  iinntteerrcceepptt  ==  llooggKK//llooggEE  

        (Cp = Cycle number, T0 =  initialamount of target, E = the efficiency of 

amplification, PCR product at the threshold) 

 

 

     

 

 

 

 

 

 

Figure 26: Standard curve (real time PCR) 

Standard curve constructed from the dilution series of standard α-globin cDNA 

amplification. 
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       VI. Flow cytometer parameter setting 

 

For each apoptosis assay, before determine apoptotic cells, flow cytometer was  

calibrated with standard calibration bead. The amplifier  gain  or  PMT  

(photomultiplier tubes) were sat for all FL parameter.  FS and SS  window were 

positioned, that all relevant  population fall on scale. This positioning was performed 

by adjust  the FS and SS PMT setting. 

 

                              

 

               

Figure 27: The example of  histogram of Flow cytometer standardization by standard 

material.  

On day of flow cytometer analysis, flow cytometer was calibrated with standard 

material.   A is histogram of SS versus FS, B is histogram of FS versus count, and C is 

histogram of FL PMT2 versus count. All of histograms were checked for CV not more 

than 2 %. 
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