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ABSTRACT 
KRAS is considered to be the most common oncogenic gene in human 

cancers. KRAS mutations are found in approximately 50% of colorectal cancer (CRC), 

so KRAS is one of the therapeutic targets for cancer drug development. KRAS is well-

known to be targeted by tumor-suppressor miR-143. An increase in miR-143 

expression is a promising way to inhibit CRC cell growth. Besides, there are several 

limitations to existing treatment, including unwanted side effects. Smart drug delivery 

systems (SDDSs) are potential methods for improving treatment efficiency. This 

research aims to develop an anticancer drug carrier, a molecular hybrid (MAH). The 

MAH was produced by combining miR-143 and AS1411 aptamers through a 

hybridization strand and loading doxorubicin (Dox), a chemotherapy drug. The uptake 

capability of MAH into the CRC SW480 cells was confirmed by detecting fluorescence 

intensity with a fluorescence microscope. After treatment of MAH in SW480 cells, the 

expression levels of miR-143 and KRAS mRNA were detected using an RT-qPCR 

assay, while the KRAS protein level was measured using a western blot analysis. MTS 

assay was used to determine cell viability, and flow cytometry was performed to assess 

cell apoptosis following Dox-MAH treatment. The downstream target proteins of 

KRAS, ERK and AKT, and apoptosis-related proteins, procaspase-3, Bax and Bcl-2, 

were evaluated using a western blot analysis. The results revealed that the level of miR-
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143 was increased, but KRAS expression was decreased for both mRNA and protein. 

ERK and AKT proteins were downregulated as well. Furthermore, treating cells with 

Dox-MAH resulted in the inhibition of cell proliferation and induction of 

apoptosis. The expression of procaspase-3 and Bcl-2 was decreased, while Bax was 

increased, confirming that Dox-MAH triggered the cell apoptosis. The success of this 

research proposed a new strategy for drug delivery systems. Dox-MAH had multiple 

functions simultaneously; CRC cell-specificity, Dox carrier, and miR-143 delivery. 

Therefore, therapeutic efficacy could be increased and off-target toxicity would be 

decreased due to SDDSs' ability to target cancer cells but not harm healthy cells. 
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CHAPTER 1 

INTRODUCTION 
 

According to Cancer incidence and death estimates from GLOBOCAN 

2020, there were 19.3 million new cancer cases and over 10.0 million cancer-related 

deaths. There were 124,866  annual mortalities from cancer in Thailand and 190,636 

new cases 1. In 2023, an estimated 153,020 people will be diagnosed with CRC, with 

52,550 deaths as a result of the disease in the United States2. CRC is the world's third 

most frequent cancer and the second greatest cause of cancer-related fatalities. It is the 

third most common cancer in men and the second most common cancer in women 3, 4.  

According to the Hospital-based Cancer Registry 2021, the top five cancers 

in Thai people were colon and rectum, liver and bile duct, lung, breast, and cervical 

cancers. From the past to the present, cancer has been identified as the leading cause of 

mortality among Thai people. Also, there is a propensity to grow exponentially steadily 
5. Cancer is a genetic disease, indicating that it is caused by mutations in the genes that 

control how our body's cells behave, specifically how they proliferate and divide. 

KRAS mutations are observed in various malignancies and are major controlling genes. 

KRAS mutations are found in 50%  of CRC 6 , 7.  As a result, KRAS inhibitors have 

significantly received research interest. KRAS is well-known to be targeted by miR-

143. Therefore, a miR-143 formulation is a promising way to inhibit CRC cell growth8. 

Currently available cancer therapies include surgery, radiation, 

chemotherapy, targeted therapy, immunotherapy, and stem cell transplants. To improve 

treatment efficiency, many challenging issues must be considered, such as treatment 

specificity, drug resistance, and undesired side effects9-11. Doxorubicin is one of several 

chemotherapy drugs that have severe side effects, including nausea, vomiting, diarrhea, 

weight loss, leucopenia, irreversible cardiotoxicity, and other conditions12 , 13.  These 

unfavorable consequences substantially limit therapy duration and drug dosage, leading 

to decreased therapeutic efficacy. Therefore, minimizing drug-related adverse effects 

is essential to enhancing chemotherapy's clinical results.  

Smart Drug Delivery Systems (SDDSs) were developed to overcome these 

constraints by conveying molecular compounds directly to target cells. SDDS has 
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several potential applications and can be evolved into intelligent systems. Targeted 

therapy is a kind of cancer treatment that focuses on molecular targets (receptors, kinase 

cascades, growth factors, or molecules involved in angiogenesis and death) that are 

overexpressed or mutated in malignancies. Its objective is to selectively deliver 

chemotherapeutic drugs to cancer cells while minimizing the death of normal cells and 

preventing unwanted side effects14-16.  

Aptamers are a class of small single-stranded DNA or RNA 

oligonucleotides, Aptamers are useful for a wide range of therapeutic and diagnostic 

applications because they may bind specifically to targets that range in size from small 

molecules to complex structures 17, 18. For example, the targeted medication delivery to 

cancer cells is made possible by the AS1411  aptamer, which binds to the nucleolin 

receptor that is overexpressed in cancer cells including CRC 19, 20. 

MicroRNAs (miRNAs) or short non-coding RNAs (ncRNAs) are 

endogenous RNAs of 19-25 nucleotides in length that regulate gene expression mostly 

through translational inhibition or degradation of messenger RNAs (mRNA). They 

control the expression of genes related to cell differentiation, proliferation, and 

apoptosis21-23. One miRNA can have several impacts by binding to target mRNAs and 

regulating the translation of numerous proteins. A few studies have shown that altered 

expression of specific miRNAs has a role in the initiation and evolution of CRC24 , 25. 

There is also proof that, depending on the cellular environment in which they are 

expressed, miRNAs may function as either oncogenes or tumor suppressors. The 

microRNA-143 (miR-143) is known to act as a tumor suppressor, with many targets 

recognized in CRC such as MACC1 , KLF5 , KRAS, AKT, and Bcl-2 2 3 - 2 7 .  When 

compared to its level in normal tissues, In about 8 0 %  of human colorectal tumor 

samples from cancer and adenoma patients, mature miR-1 4 3  expression is 

downregulated28. Therefore, up-regulation of miR-143 is supposed to give benefits to 

CRC patients because it can effectively reduce oncogene expression.  

In this study, a smart drug delivery system (SDDS) was developed. It 

typically consists of three major components: anticancer drugs, drug carriers, and 

ligands on the target tumors that can be conjugated to carriers. This research aims to 

develop the complex composed of Dox and miR-143 as anticancer drugs, and AS1411 

aptamer and hybridization strand (HBS) as drug carriers. The nucleolin receptor 
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targeted by AS1411  aptamer acts as a ligand on the CRC cell membrane. MiR-143 , 

AS1 4 1 1  aptamer, and HBS were combined via oligonucleotide hybridization, and 

subsequently loaded with Dox (Figure 1 . 1 ) .  Dox interacts with DNA/RNA via 

intercalating between the planar base pairs of duplex DNA/RNA. Dox-loaded miR143-

AS1 4 1 1  aptamer molecular hybrid (Dox-MAH) was tested in the CRC cells. The 

AS1 4 1 1  aptamer worked as a signaling molecule that bound specifically to the 

nucleolin receptors on CRC cells, then the complex was endocytosed29 , and Dox and 

miR-1 4 3  were released within the cells eventually (Figure 1 . 2 ) .  The target gene 

(KRAS) and its downstream genes (ERK and AKT) were downregulated leading to a 

reduction of cell viability and induction of apoptosis. Thus, Dox-MAH would serve as 

a targeted drug carrier and itself could be a potential chemotherapy drug. 

 

 
Figure 1.1 Structure sketch of selective drug delivery systems (SDDS), Dox-Loaded 

Molecular Hybrid of miR-143 and AS1411 Aptamer (Dox-MAH). 
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Figure 1.2 When AS1411 aptamer binds to the nucleolin receptor on CRC cells, Dox-

MAH is endocytosed, and then Dox and miR-143 are released into the cells. 

 

1.1 Research Problems  

 

In this study, we hypothesized that the simultaneous function of Dox and 

miR-143 can more effectively inhibit CRC cell proliferation. Also, the accurate delivery 

of chemotherapeutic drugs would improve the efficacy and decrease the adverse effects 

of chemotherapy drugs by using a selective drug delivery system (SDDS). Therefore, 

we proposed a strategy to prepare a molecular hybrid containing Dox, miR-143, and 

AS1411 aptamers. Dox-MAH was formed by oligonucleotide hybridization and Dox 

intercalation in the molecular hybrid. The challenges of this proposed work would focus 

on the successful formation of the complex, the exact delivery to target cells of Dox, 

and the effect of increased miR-143 level on its target genes and CRC cell growth. 
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1.2 Objective 

 

The overall objective of this study was to prepare a Dox-loaded molecular 

hybrid of miR-143 and AS1411 aptamer (Dox-MAH) which can specifically bind to 

CRC cells, and then decrease their proliferation. Research tasks were designed as 

follows:  

1) To prepare a molecular hybrid of miR-143 and AS1411 aptamer (MAH) 

via oligonucleotide hybridization, and intercalation containing Dox. 

2) To test the uptake capability of AS1411 aptamer into the CRC cells by a 
fluorescence technique. 

3) To evaluate the miR-143 level in CRC cells after MAH treatment. 

4 )  To investigate the alteration of mRNA and protein levels of miR-143 

target genes (KRAS) and its downstream target proteins (ERK and AKT) after MAH 

treatment. 

5) To study the effect of Dox-MAH on CRC cell proliferation  

6) To study the effect of Dox-MAH on the cell apoptosis pathway 

 

1.3 Outcome 

 

The finding of this research will be an alternative way to improve the 

treatment efficacy and hopefully decrease the adverse effects of chemotherapy drugs 

by using a selective drug delivery system (SDDS). 
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CHAPTER 2 

REVIEW OF LITERATURE 
 

2.1 Colorectal cancer 

 

The International Agency for Research on Cancer's GLOBOCAN 2020 

projections of cancer mortality and death reported that colorectal cancer accounted for 

10% of the estimated 2.3 million new cases in 2020. Lung cancer remained the leading 

cause of cancer death, with an estimated 1.8 million deaths (18%), followed by 

colorectal (9.4%), liver (8.3%), stomach (7.7%), and female breast (6.9%) cancers, 

which were the next most common causes 1, 30. According to the Hospital-based Cancer 

Registry 2021, CRC ranks among the top five most commonly diagnosed cancers in 

Thailand 5. 

The majority of colorectal malignancies originate as tumors on the colon or 

rectal lining. These growths are referred to as polyps. Cancer begins in a polyp and can 

spread to the colon or rectum wall over time. Cancer cells can develop into blood 

vessels or lymph vessels when they enter the wall. They can then spread through the 

bloodstream and lymphatic system to surrounding lymph nodes or distant areas of the 

body3 1 .  Several risk factors for CRC include being overweight or obese, not being 

physically active, bad nutritional habits (a diet that is high in red meats i.e., beef, pork, 

or liver and processed meats like hot dogs, addiction of alcoholic beverage, smoking, 

the progressive aging of the population and genetic. Doctors can diagnose CRC by 

using one or more tests such as colonoscopy, biopsy, ultrasound, x-rays, gene and 

protein tests, blood tests, and computed tomography (CT or CAT scan)32. 

Numerous genes are associated with signaling pathways, which have been 

repeatedly shown to be dysregulated in CRC due to changed functions or product 

mutations. Several studies have identified genes involved with increased growth, 

invasion, progression, or apoptosis suppression in CRC cells, including RAS, EGFR, 

RAF, PTEN, TGFBR2, APC, SMADs, AXIN, and CTNNB133-36. Three Ras GTPases 

(HRAS, KRAS and NRAS) are the most common oncogenes in human cancers. 
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Mutations in KRAS are present in 50% of colorectal adenocarcinoma37. KRAS proteins 

participate in the RAF/MEK/ERK mitogen-activated protein kinase (MAPK) signaling 

pathway, which is a downstream pathway of the epidermal growth factor receptor 

(EGFR). Mutations in the KRAS and BRAF genes cause this system to remain activated 

and increase tumor cell growth.38 

Moreover, the regulation of these processes is significantly influenced by 

other molecules. For instance, chemically modified miR-143-3p expression 

significantly inhibits cancer cell growth in colorectal cancer cells by targeting KRAS, 

AKT, and ERK pathways39. Several studies have discovered that miR-143 can slow 

down the progression of CRC. Hong Liu et al. discovered that increased amassment of 

miR-143 is expected to regulate levels of KRAS protein expression, inhibiting CRC 

cell proliferation. The expression of miR-143 in CRC was dramatically downregulated 

compared with that in normal tissue8. Direct delivery of miR-143 to CRC cells 

improves therapeutic efficacy.  

There are several mechanisms for delivering molecules or drugs to target 

cells. For instance, aptamer-drug conjugates for targeted drug delivery. Aptamers can 

be utilized to deliver specific therapeutic agents such as miRNAs and chemotherapeutic 

drugs40. Therapeutic medications have been delivered using a variety of aptamers 

designed specifically for cancer biomarkers. Many researchers have attempted to 

develop novel approaches and effective drug delivery systems for the treatment of CRC. 

Their method can improve the specificity of new drugs or molecules that are non-toxic 

to cancer cells. This improves treatment efficiency while decreasing toxicity to normal 

cells. 

 

2.2 Aptamer 

 

2.2.1 Overview of aptamer 

Aptamers were first discovered in the 1990s as single-stranded DNA 

or RNA molecules having binding capacity. Aptamers are short nucleic acid sequences 

that have a high affinity for molecule binding, often in the 20-80 nucleotide range17, 41. 

Aptamer structures are composed of a variety of secondary motifs, including stem-loop, 

hairpin, pseudoknot, kissing loop, three-way junction, G-quadruplex, and internal bulge 
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structures42. Candidate binding sequences are then subjected to repetitive selection 

rounds, increasing the amount of high-affinity species in the library until they 

eventually dominate. This method is called "Systematic Evolution of Ligands by 

Exponential Enrichment" (SELEX)43, shown in Figure 2.1. The conventional SELEX 

processes usually consist of four major steps: 1. Combination: SELEX starts with an 

initial library of single-stranded DNA or RNA sequences that contains up to 1012-1015, 

and the library is subsequently combined with the target; 2. Separation: using physical 

or chemical means to separate the target-binding oligonucleotides; 3. Elution: 

separating between the library sequences that are unbound and those that are bound to 

the target44; 4. Amplification: The SELEX library sequences are amplified using 

polymerase chain reaction (PCR) to provide an enhanced library for the upcoming stage 

of selection. Generally, Oligonucleotide sequences with high specificity and affinity 

may be improved in the reservoir after 6-20 cycles, and the entire process can be tracked 

using traceable labels45. SELEX methodology has been significantly refined and 

enhanced in recent decades46.  

Many innovative SELEX methods, including graphene oxide (GO)-

SELEX47, cell-SELEX48, Fluorescence-activated cell sorting (FACS)-SELEX49, Photo-

SELEX50, and Capture-SELEX 51, have been created to simplify the technique and 

enhance the variety of aptamers. Aptamers are stable molecules that can withstand high 

temperatures and strong acid/base conditions52. Aptamers are small in size, so they may 

be internalized by cells and chemically modified. Furthermore, aptamers have low harm 

because they are nucleic acids that cannot be detected by the human immune system53. 

 
Figure 2.1 The conventional processes of systematic evolution of ligands by 

exponential enrichment (SELEX). 
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2.2.2 Application of aptamer 

2.2.2.1 Aptamers as therapeutic agents 

Aptamers are a potential class of compounds that can be used 

as treatments for a variety of disorders, including various cancers and cardiovascular 

diseases. Aptamer oligonucleotides provide several benefits over antibodies in 

screening medical, bio-sensing, and bio-imaging systems due to their specificity and 

other unique properties such as simplicity of chemical synthesis, adjustable backbone 

modification, low immunogenicity, and high stability54, 55.  These advantages make 

aptamers more widely utilized in the diagnosis and treatment of medical disorders. 

Aptamers are useful for detecting a variety of proteins on cell membranes or in the 

bloodstream and can regulate their binding with receptors, impacting the corresponding 

biological pathways for the treatment of various disorders, including cancer, infectious 

disease, and cardiovascular disease (54). Pegaptanib (Macugen®), for example, is an 

aptamer utilized to treat age-related macular degeneration (AMD), which has been 

approved by the U.S. FDA56.  Pegnivacogin is used as anticoagulants. One example of 

an aptamer currently developed for anticancer therapy is AS1411, this is now being 

investigated in clinical studies for the treatment of cancer 53. 

2.2.2.2 Aptamers in the diagnosis of diseases  

Aptamers have a high affinity and specificity for binding to 

targets, making them suitable for use in clinical diagnostics and treatments for several 

diseases such as infectious disease57, hematological disease58, cardiovascular disease16, 

and cancer59. Toscano-Garibay et al. isolated RNA aptamers (G53N.4) with high 

affinity and specificity for the HPV16 E7 oncoprotein, which might be utilized to 

identify papillomavirus infection and cervical cancer60.   Xilan Li et al. The XL-33-1 

aptamer shows great promise as a molecular imaging tool for detecting lymph node 

tissue linked with colon cancer metastases early on61. 

2.2.2.3 Aptamer-drug conjugates (ApDCs) for targeted drug 

delivery 

Not only do they function as therapies by themselves, but 

aptamers have also been thoroughly investigated as ligand targets for ApDC drug 

delivery. The FDA has previously authorized several of these for cancer therapy. 

Aptamer ligands, drug moieties, and linkers bridging the aptamers and drug moieties 
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are the three components of typical ApDCs. ApDCs have been investigated for a variety 

of therapeutic approaches, including chemotherapy, small interfering RNAs (siRNAs), 

microRNAs, immunotherapy, and nanoparticles 55, 62, 63 (Figure 2.2). 

 

 
 

Figure 2.2 Applications of aptamers in cancer therapy such as working as a 

therapeutic drug or conjugation with siRNA, chemotherapy agents and nanoparticles63 

 

2.2.2.4 ApDCs for chemotherapy 

One of the most often utilized methods of treating cancer is 

chemotherapy. The toxicity of chemotherapeutic drugs in healthy tissues and the 

unwanted side effects that affect overall treatment effectiveness are typical restrictions. 

Reducing the accessibility of these medications to healthy tissues could thereby lessen 

these negative effects and increase therapeutic effectiveness. Consequently, research 

has been done on aptamer-mediated targeted drug delivery, which delivers medications 

to diseased tissues or cells but not to healthy tissues 64. Additionally, aptamers and 

medications can be covalently conjugated to create ApDCs. For example, the 

chemotherapeutic drug DOX can interact with double-stranded DNA65. As an example, 

Huang et al. designed and synthesized a sgc8-Dox conjugate that specifically kills the 

target CCRF-CEM cell for the treatment of acute myeloid leukemia (AML)66. Rotkrua 

et al. used a Dox-loaded Chol-aptamer molecular hybrid (Dox-CAH) to specifically kill 

CRC with no significant off-target side effects29. 
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2.2.2.5 ApDCs for gene therapy 

Treating illnesses by the correction of corresponding genetic 

defects is a promising strategy known as gene therapy. Gene therapy approaches can 

be implemented at the genome or transcriptome level. Using RNA interference (RNAi), 

microRNAs and antisense oligonucleotide technologies, mRNA functions can be 

suppressed in transcriptome approaches. Gene therapy, like many other therapeutic 

treatments, lacks specificity for diseased cells, which makes it critical to successfully 

deliver the gene therapy agents. Aptamers might be helpful to selectively deliver gene 

therapeutics into diseased cells64. For example, MUC1 aptamer conjugated with 

microRNA-29b for the treatment of ovarian cancer67. By targeting and inhibiting Axl, 

the aptamer-GL21.T-miRNA-34c combination may diminish non-small cell lung 

cancer cell growth, circumventing RTK inhibitor resistance68. 

2.2.3 AS1411 aptamer 

2.2.3.1 Overall of AS1411 aptamer 

 AS1411, formerly named ARGO100, is a 26-nucleotide 

guanosine-rich DNA aptamer, formed as a G-quadruplet. AS1411 has a high affinity to 

nucleolin, a protein that is frequently overexpressed or translocated on the surface of 

cancer cells69. As the first oligodeoxynucleotide aptamer to be studied in phase I and II 

clinical trials for the treatment of cancers, including, prostatic70, colorectal29, breast 

cancer71, and acute myelogenous leukemia (AML), AS1411 was developed by 

Antisoma PLC.72, , and. AS1411 has an anti-proliferative effect on cancer cells73. It can 

up-regulate p53 and down-regulate Bcl-2 and Akt1 through modulating nucleolin, 

leading to the inhibition of cell migration71, 73. Nucleolin is a multifunctional nucleolar 

phosphoprotein, having a molecular weight of 100 kDa, which is highly expressed in 

growing eukaryotic cells. Nucleolin is an RNA-binding protein (RBP) that controls cell 

proliferation and growth such as cytokinesis, replication, embryogenesis, and 

nucleogenesis74. Furthermore, since nucleolin is extensively expressed on the surface 

of several tumor cells, it might regulate tumors’ specific reception of specific molecular 

receptors75. 
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Figure 2.3 Schematic representation of using AS1411 aptamer to carry ligand C8 into 

cancer cells overexpressing nucleolin.76 

 

2.2.3.2 Application of AS1411 aptamer in cancer 

The first aptamer being tested in clinical trials for the treatment  

of cancer in humans is AS1411. AS1411 has an anti-proliferate effect on several cancer 

cells29, 70-73. It was developed for specific drug delivery to tumors by conjugating with 

several materials such as RNA interference (RNAi), which is a novel class of therapies 

being developed to treat human diseases such as pancreatic cancer, liver cancer, CRC, 

advanced solid tumor, respiratory syncytial virus, hepatitis B virus, and HIV-177, 78. The 

drug cisplatin-resistant ovarian cancer was designed to be treated with AS1411 

aptamer-PEGylated PLGA that contains anti-miRNA-21 and cisplatin79. Furthermore, 

AS1411 was combined with chemotherapeutic drugs by using Dox's ability to 

intercalate inside nucleic acid helical strands (Figure 2.4)80. Trinh et al. used 

formaldehyde as a crosslinking agent to conjugate AS1411 with Dox. Dox could be 

delivered to liver cancer cells (Huh7 cells) just as effectively by the AS1411-Dox 

complex and with the same efficiency as free Dox did. AS1411-Dox inhibited Huh7 

tumor development with approximately equal activities to independent Dox81  
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Figure 2.4 Application of AS1411 aptamer (a) Schematic of aptamer (RNA or DNA) 

link with siRNA/miRNA. (b) Schematic of the physical conjugation of an aptamer 

(DNA or RNA) with an anthracycline medication (Dox) through intercalation80 

 
2.3 MicroRNAs 

 

The mechanism by which microRNAs (miRs), a type of extremely short 

non-coding RNAs (18–22 nucleotides), work is to match base pairs in their seed 

sequences (nucleotides 2–7) with the 3’ untranslated regions (3’UTR) of target RNA82. 

Mature miRNAs are integrated into the RNA-induced silencing complex (RISC) and 

bind to 3'UTRs of particular target mRNAs to limit translation and occasionally induce 

mRNA degradation83. Since the discovery of miRNAs in Caenorhabditis elegans in 

199384, 85, many miRNAs have been found in metazoans, plants, viruses, and 

eukaryotes, including humans86, 87. It is predicted that at least 30% of protein-coding 

genes are regulated by miRNAs, which make about 1%–5% of the human genome88, 89. 

MiRNAs are also involved in important processes such as developmental time 

regulation, hematopoietic cell differentiation, apoptosis, cell proliferation, and organ 

development90, 91. 

 

2.3.1 MicroRNAs in cancer 

The multi-step process of cancer involves genetic changes in normal 

cells that lead from pre-malignant phases (initiation) to invasive cancer (progression) 

that can spread everywhere the body (metastasis). Growth signals are not necessary for 

cancer cells to multiply; they may also be resistant to inhibitory growth signals, avoid 

intrinsic cell replication limitations, elude programmed cell death (apoptosis) pathways, 

promote and maintain angiogenesis, and proliferate into new colonies apart from the 

Chemotherapeutic drug 
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primary tumor92. Cancer development and progression are linked to the deregulation of 

genes involved in cell proliferation, differentiation, and/or death. Oncogenes and tumor 

suppressors are two types of genes that are associated with cancer formation93 Genetic 

modifications that boost the gene can activate oncogenes, change promoters/enhancers 

to increase gene expression, or change protein structure to a permanent active state93-

95. In contrast, tumor suppressor gene products regulate biological processes. 

Dysfunction of tumor suppressors occurs from the loss or decline of function96. Most 

cancers have been shown to have dysregulated miRNA expression patterns97. 

Furthermore, the expression of miRNAs can decide whether they act as oncogenes or 

tumor suppressors in a specific cell environment98, 99. 

2.3.2 MicroRNA-143 

MiR-143 is a tumor suppressor miRNA that is downregulated in a 

variety of human cancers99, 100.  This miRNA has a preventive function in tumor growth 

and influencing the expression of various genes, including KRAS, BCL2, ERK5, C-

Myc, Bax, caspase-3, caspase-9, and ELK1 that are associated with cell growth, 

survival, differentiation, and invasion25, 100-103. In contrast to normal tissues, mature 

miR-143 expression was consistently downregulated in approximately 80 percent of 

human colorectal tumor samples from cancer and adenoma patients28.  According to 

research, miR-143 downregulation is linked to cancer growth, apoptosis, and 

metastasis104, 105. These occurrences might be potentially due to the lack of regulatory 

effects of miR-143 on the previously indicated genes. KRAS is an important signaling 

molecule in viable cells. KRAS mutations play a critical role in the growth of malignant 

cells. Furthermore, the C-Myc transcription factor is a critical regulator of cell 

proliferation and has therapeutic relevance in a variety of cancers, including lung, 

pancreatic, and colorectal tumors103, 106. Enhanced miR-143 accumulation is likely to 

influence the KRAS protein production at the post-transcriptional stage by interacting 

selectively with the complementary site, hence decreasing CRC cell proliferation8. 

Restoring miR-143 expression reduced proliferation and migration in the MKN-45 

gastric cancer cell line, as well as decreased expression of potential miR-143 targets 

KRAS, MMP9, and C-Myc. Furthermore, as shown in figure 2.5, miR-143 expression 

can trigger apoptosis in MKN-45 cells by raising the expression of Bax, caspase-3, and 

caspase-9106. 
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Figure 2.5 Schematic illustration of the effects of miR-143 restoration on gastric cancer 

growth, apoptosis, and migration106. 

 

2.4 Doxorubicin 

 

 Doxorubicin (Dox), commonly called Adriamycin in the pharmaceutical 

industry, is a chemotherapy medication that is utilized to treat various types of solid 

tumors, including breast107, lung108, ovarian109, and bladder cancer110, Kaposi's 

sarcoma111 and multiple myeloma, acute leukemia, and lymphoma are examples of 

hematological malignancies112. In the 1960s, the bacterium Streptomyces peucetius was 

utilized for the first time to produce DOX113. Dox belongs to the anthracycline and 

antitumor antibiotic family114. Dox's cytotoxic effect is complex, involving DNA 

intercalation (Figure 2.6), suppression of DNA topoisomerase II, inhibition of RNA 

and DNA polymerases, strand breakage, and the production of free radicals13, 115. Dox 

can intercalate into genetic material mostly at GC-rich sites, inhibiting the advancement 

of topoisomerase II, an enzyme that relaxes supercoils in DNA to allow replication and 

transcription116. After establishing the Dox-topoisomerase-II complex, it has broken the 

DNA chain for replication, blocking the release of the DNA double helix and therefore 

ending the replication process117. It may also enhance the formation of quinone, a type 
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of free radicals, which can lead to cytotoxicity118. Dox, by intercalation, can also cause 

histone eviction from transcriptionally active chromatin116, 119, 120. As shown in figure 

2.7, Dox-exposed cells exhibited dysregulations of DNA damage response, epigenome, 

and transcriptome118. 

 

Figure 2.6 Structure of Dox-DNA complex120. 

 

 
 

Figure 2.7 The potential mechanisms of Dox-mediated cell death. Dox binds on TOP2, 

producing a break in the DNA chains as well as raising the reactive oxygen species 

(ROS)118. 

 

Ref. code: 25676311031014SIV



17 
 

Although Dox has been used for decades and its efficacy and safety have 

been well established, side effects include bone marrow suppression (i.e., 

immunosuppression), cardiotoxicity, nausea, vomiting, diarrhea, hemorrhagic cystitis, 

baldness, rash and inflammation of the mouth, unusual bleeding or bruising, and 

crimson urine have been reported114, 121. To maximize therapy efficiency and avoid 

adverse effects, Dox doses for specific tumors must be evaluated. Targeted drug 

delivery to cancer cells is a potential strategy for reducing adverse effects. Also, 

coupling Dox with another medication can reduce its toxicity122.  Dox can be used in 

conjunction with other molecules such as liposomes, microRNAs, and aptamers123-125. 
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CHAPTER 3 

RESEARCH METHODOLOGY 
 

3.1 Chemicals and reagents 

 

30% Acrylamide solution     (Bio-Rad, USA) 

Ammonium persulfate, (APS)    (Calbiochem®, USA) 

4’,6-diamidino-2-phenylindole (DAPI)   (Sigma-Aldrich, USA)   

Dimethyl sulfoxide, (DMSO)     (Sigma-Aldrich, USA) 

Doxorubicin hydrochloride (DOX)  (Fresenius Kabi,  

Thailand)   

Dulbecco's Modified Eagle Medium, (DMEM)  (Gibco, USA)  

Fetal bovine serum, (FBS)     (Gibco, USA) 

3-(4, 5-dimethylthiazol-2-yl-5-(3    (Promega, USA)  

-carboxymethoxphenyl)-2-(4-sulfophenyl)-  

2H-tatrazolium (MTS) solution 

Penicillin-streptomycin, (Pen/Strep)    (Gibco, USA)  

Phosphate-buffered saline, (PBS)    (Bio Basic, Canada)   

Polyacrylamide solution (30%)    (Bio-rad, USA)  

Sodium bicarbonate, (NaHCO3)    (BHD, England) 

Sodium dodecyl sulfate, (SDS)     (Calbiochem®, USA) 

N,N,N,N’-tetramethylenediamine, (TEMED)  (Calbiochem®, USA)   

Trypsin-EDTA      (Gibco, USA) 

Tris-base       (Bio-Rad, USA) 

TRIzol reagent      (Thermo Scientific, USA) 

TaqMan® MicroRNA Reverse Transcription Kit  (Thermo Scientific, USA) 

TaqMan® 2x Universal PCR Master Mix,    (Thermo Scientific, USA)  

No AmpErase® UNGb 

U6        (Thermo Scientific, USA) 

Hsa-miR-143       (Thermo Scientific, USA) 
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3.2 Instruments and lab equipment 

 
25, 75 cm2 plastic tissue culture flasks   (Costar Corning, USA)   

12, 24, 96-well plate      (Costar Corning, USA)  

Autoclave       (Hirama, Japan) 

Autopipette       (Rainin, USA) 

Biosafety cabinet       (Faster srl, Italy) 

Centrifuge machine      (Hettich, Germany)   

200 μL Centrifuge tube      (Costar Corning, USA) 

1, 15, 50 mL centrifuge tube     (Costar Corning, USA)  

CO2 incubator       (Shel lab, USA) 

5, 10, 25, 50 mL disposable pipette     (Costar Corning, USA) 

Electrophoresis set      (Bio-Rad, USA) 

Flow cytometer       (BD Biosciences, USA) 

Refrigerator       (Sanyo, Japan) 

-20 ̊C Freezer        (Sanyo, Japan) 

-80 ̊C Freezer       (Thermo Scientific, USA)   

Glass bottles        (Duran, Germany) 

Glassware       (Duran, Germany)   

Hemocytometer       (Boeco, Germany) 

Hot air oven        (Memmert, Germany) 

Hotplate       (Stuat, UK) 

Inverted microscope      (Nikon, USA) 

Laminar air flow cabinet     (Bosstech, USA) 

Liquid nitrogen tank      (Taylor-Wharton, USA) 

Magnetic stirrer      (Ika Werke, Germany) 

0.5-10 μL micropipettes     (Gilson, USA) 

1-20 μL micropipettes      (Gilson, USA) 

20-200 μL micropipettes      (Gilson, USA) 

100-1000 μL micropipettes      (Gilson, USA) 

Microplate spectrophotometer     (Thermo Scientific, USA) 

Mini-Gel electrophoresis unit     (Bio-Rad, USA) 
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Gel doc        (Bio-Rad, USA) 

Applied Biosystems StepOneTM/ StepOnePlus™  

Real-Time PCR System     (Thermo Scientific, USA) 

Mastercycler nexus Gradient     (Eppendorf, Germany) 

pH meter       (Thermo Scientific, USA) 

Pipette tips        (Kirgen, USA) 

Pipette controller      (Brand, Germany) 

Power supply       (Bio-Rad, USA) 

Quick spin        (Extra Gene, Taiwan) 

Refrigerated centrifuge      (Beckman coulter, USA) 

Vortex mixer       (Scientific Industries,  

USA) 

UV Lamp       (Scientific industries,  

USA) 

UV-VIS spectrophotometer      (Shimadza, Japan) 

Water bath       (Memmert, Germany) 
 
 
3.3 Sequence design for miR-143, AS1411 aptamers, and a hybridization strand 

 

To provide the hybridization site for AS1411 aptamer and miR-143, 

additional oligonucleotides completely compatible with a hybridization strand were 

added to the original sequence of AS1411 and miR-143 at 5’end. Meanwhile, A 

hybridization strand, which is a sequence, was created to complement those additional 

areas (Figure 1.1). 

The miR-143 was modified with a 2’-O-Methylation (2’OMe) to make it 

more stable and to prevent it from degradation before entering the cell. The 

hybridization of these sequences was pre-studied by an OligoAnalyzer™  tool 

developed by the oligonucleotide supplier (IDT, USA).  
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3.4 Formation of molecular hybrid of miR-143 and AS1411 aptamer (MAH) 

 

MiR-143, AS1411 aptamer, and hybridization strand were combined at a 

final concentration of 1 μM. The mixture was then incubated at room temperature for 

48 hours to allow to produce MAH by intermolecular hybridization.  The hybridization 

result was validated using 10% native polyacrylamide gel electrophoresis. 

 

3.5 In vitro stability of MAH 

 

MiR-143, AS1411 aptamer, and a hybridization strand were mixed at a final 

concentration of 1 μM in Dulbecco's modified Eagle's medium (DMEM) at 37C, 5% 

CO2 atmosphere for 1-7, and 30 days, allowing the formation of MAH. The stability of 

MAH was examined by 10% native polyacrylamide gel electrophoresis.  

 

3.6 Cell culture 

 

A human colorectal adenocarcinoma cell line (SW480 and Caco-2) and a 

normal colon epithelial cell line (CCD 841 CoN) were obtained from American Type 

Culture Collection (ATCC, USA). The cells were cultured in Dulbecco's modified 

Eagle's medium (DMEM) (Gibco, USA), containing 10% fetal bovine serum (FBS) 

(Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA) at 37 ̊C, 5% CO2 

atmosphere. After reaching 80% confluence, the cells were subcultured with 0.05% 

trypsin in phosphate-buffered saline (PBS). 

 

3.7 Quantification of endogenous miR-143 in CRC and normal colon cell lines 

using RT-qPCR 

 

Total RNA was extracted from the three types of cultured cells (SW480, 

Caco-2, and CCD 841 CoN) using miRNeasy Micro Kit (Qiagen, USA) according to 

the manufacturer's guidelines. The mature miR-143 was assessed using TaqMan 

microRNA Assays (Applied Biosystems, USA) with the Mastercycler nexus Gradient 

(Eppendorf, Germany). Briefly, 10 μg total RNA was reverse-transcribed to cDNA 

Ref. code: 25676311031014SIV



22 
 

using a TaqManTM microRNA reverse transcription kit (Applied Biosystems, USA), 

and the expression of miR-143 was evaluated by qPCR. The primer sequences (Applied 

Biosystems, USA) were as follows, human U6 forward primer: 5'-

CGCTTCACGAATTTGCGTGTCA-3' and human U6 reverse primer: 5'-

GCTTCGGCAGCACATATACTAAAAT-3'. The U6 small nuclear RNA was used for 

normalization of miRNA, and the relative expression level of miR-143 was calculated 

by the 2-ΔΔCt method. 

 

3.8 In vitro cellular uptake of MAH 

 

3.8.1 Study of AS1411 binding capability using a fluorescence 

microscope 

SW480 and CCD841 CoN cells (3×104 cells) were added into each 

well of the 96-well plates and incubated overnight at 37 ̊ C, 5% CO2 atmosphere. 

Subsequently, the medium was eliminated, and the cells were then treated with an MAH 

and a complex of miR-143+Non-specific aptamer + HBS (MNH) at concentrations of 

10 μM in a final volume of 100 μL DMEM for 1 hour, and non-treated cells served as 

a control. Then, nuclei were stained with 100 μL of 4’, 6’-diamidino-2- phenyl indole 

dihydrochloride (DAPI) solution (Sigma-Aldrich, USA) for 10 minutes. After that, 

cells were washed with PBS. Finally, ECLIPSE Ts2R inverted fluorescent microscope 

(Nikon, USA) was used for cell observation and imaging. The binding ability of MAH 

and MNH to SW480 cells and CCD 841 CoN was then examined. For microscopic 

visualization, green-emitting fluorescein (FAM) was linked to AS1411 aptamer and 

Non-specific aptamer. 

3.8.2 RT-qPCR analysis of exogenous miR-143  

      SW480 cells (1×105) were put to each well of 24-well plates and 

incubated overnight at 37 ̊C, 5% CO2 atmosphere. After removing the medium, the cells 

were treated with 10 μM MAH and MNH in 400 μL DMEM for 48 hours at 37 ̊C, 5% 

CO2 atmosphere. Non-treated cells were used as a reference. Cells were washed twice 

with 500 μL PBS, then treated with 200 μL of 0.05% trypsin-EDTA and incubated for 

5 minutes at 37 ̊C, 5% CO2 atmosphere. After adding 400 μL of DMEM, the mixture 

was transferred to a 1.5 mL tube and centrifuged for 5 minutes at 1000 rpm. The cells 

Ref. code: 25676311031014SIV



23 
 

were washed twice with 500 μL PBS and extracted total RNA using the previously 

stated procedure. 

 

3.9 Investigation of alteration of miR-143 target gene products 

 

3.9.1 RT‐qPCR analysis of KRAS mRNA 

Total RNA was extracted 48 hours after MAH and MNH transfection 

using the previously described procedure. Using a High Capacity cDNA Reverse 

Transcription Kit (Applied Biosystems, USA), ten μg of total RNA was reverse 

transcribed into cDNA. The reaction temperature was 25 C̊ for 10 min, 37 ̊C for 120 

min, and 85 ̊C for 5 minutes. Real-time PCR was used to quantify the quantity of KRAS 

and GAPDH transcripts using TaqMan Gene Expression Assays with FAM-conjugated 

MGB (minor groove binder) probes for KRAS (cat# Hs00364282_m1) and GAPDH 

(cat# Hs99999905_m1). The reactions were incubated at 95°C for 10 minutes, followed 

by 40 cycles at 95°C for 15 seconds and 60°C for 60 seconds.  A real-time PCR was 

carried out by StepONePlus, and the results were analyzed with the comparative delta 

Ct method, using the Step ONePlus analysis software. 

3.9.2 Western blot analysis of KRAS, ERK, and AKT proteins 

After 72 hours, the MAH and MNH-treated SW480 cells were 

collected.  The cell pellets underwent three rounds of cold PBS washing before being 

lysed using RIPA buffer (Ameresco, USA) that contained protease inhibitors. The cells 

were then sonicated until all of the liquid was removed.  A Pierce BCA protein assay 

kit (Thermo Scientific, USA) was used to quantify the amount of protein. 

Polyacrylamide gel electrophoresis (PAGE, 12% resolving gel and 4% stacking gel) 

was used to separate the cell lysates, which were then transferred to a PVDF membrane 

using electrical blotting. After blocking with Odyssey blocking solution for one hour at 

room temperature. The membranes were treated with KRAS, ERK, AKT, and α-tubulin 

(internal control)  primary antibody (K-Ras Recombinant Rabbit Monoclonal Antibody 

(11H35L14) Cat #703345 (Thermo Scientific, USA), p44/42 MAPK (Erk1/2) Antibody 

Cat #9102, Akt Antibody Cat #9272, polyclonal anti-α-tubulin Cat # 2144) (Cell 

Signaling Technology, USA) at 4°C overnight. The membranes were then treated with 
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the secondary antibody at room temperature for an hour. The LI-COR Odyssey Imager 

(Li-COR, USA) was used for band visualization and quantification. 

 

3.10 Intercalation of Dox into MAH  

 

The production of DOX-MAH molecules depends on the effectiveness of 

Dox intercalation into the CG site of oligonucleotide duplexes. After 1.5 hours at room 

temperature, 5 μM of MAH and 0.95 μM of Dox were combined in phosphate-buffered 

saline (PBS, pH 7.4). After then, the fluorescence spectra of Dox and Dox-MAH were 

measured with a Varioskan LUX microplate reader (Thermo Scientific, USA) (λEm = 

500-800 nm, λEx = 480 nm).  

 

3.11 CRC and normal colon cell proliferation assay after Dox-MAH treatment 

 

To investigate the impact of MAH on the proliferation of colon cancer and 

normal colon cells, 5×103 cells/well of SW480 and CCD 841 CoN cells were seeded 

into 96-well plates using DMEM. The cells were then incubated for 24 hours at 37๐C 

with 5% CO2 atmosphere. Following the removal of the medium, the cells were treated 

with MAH, MNH, Dox, Dox-MAH, and Dox-MNH at 10 μM complex and 0.95 μM 

Dox in 100 μL DMEM. As a control, untreated cells were used. To evaluate cell 

viability, 20 μL of MTS solution (Promega, USA) was added to each well and incubated 

at 37°C for 1 hour. Finally, the absorbance was measured at 490 nm using a Multiskan 

FC microplate reader (Thermo Scientific, USA). The percentage of cell viability was 

calculated by the following equation: Percentage of cell viability = (Atest – Ablank) / 

(Acontrol – Ablank) × 100% 126. Atest is the absorbance of the treated cells, Acontrol is the 

absorbance of untreated cells, and Ablank is the absorbance of the MTS solution without 

cells. 
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3.12 Detection of CRC cell apoptosis after Dox-MAH treatment 

 

The cells were cultivated and treated with Dox, Dox-MAH, and Dox-MNH 

following the same methodology as described previously. Following treatment, the 

cells were washed twice with PBS, treated for 15 minutes with FITC Annexin 

V/propidium iodide (PI) apoptosis detection reagent, and further investigated using a 

flow cytometer. Apoptotic cells were identified by labeling phosphatidylserine 

molecules that had translocated to the outside of the cell membrane with FIT C Annexin 

V. The PI tagged the cellular DNA in late apoptotic and necrotic cells whose 

membranes had been damaged. 

 

3.13 Western blot analysis of procaspase-3, Bax and Bcl-2 proteins in the apoptosis 

pathway 

 

SW480 cells were treated with 0.95 μM Dox, 5 μM Dox-MAH, and 5 μM 

Dox-MNH for 72 hours. After that, cells were collected and performed the western blot 

analysis using the described protocol with the relevant primary antibodies such as 

procaspase-3, Bax, BCL2 and α- tubulin ( internal control)  (Caspase-3 Antibody Cat 

#9662, Bax Antibody Cat #2772, Bcl-2 (D55G8) Rabbit mAb Cat #4223, polyclonal 

anti-α-tubulin Cat# 2144) (Cell Signaling Technology, USA).   

 

3.14 Statistical analysis 

 

All data were represented as the mean ± standard deviation (SD) of at least 

triplicate samples. A comparison between the control and study groups was performed 

by one-way analysis of variance (ANOVA) followed by Dunnett’s T3 test. Statistical 

significance was defined as * P <0.05. 
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

4.1 Sequence design for aptamers, miR-143, and a hybridization strand 

 

To establish a hybridization site for the AS1411 aptamer and miR-143, 

additional oligonucleotides completely compatible with the hybridization strand (HBS) 

were extended at the 5' end. Furthermore, hybridization strands were designed to 

complement those specific regions. miR-143 was modified with a 2'-O-Methylation 

(2'OMe) in two positions: in the naturally modified position and the 3' end position127, 

to make it more stable and to prevent it from degrading before entering the cell. The 

sequence of HBS was complementary to the additional oligonucleotides of the aptamer 

and miR-143. Hybridization between these sequences was tested using the Oligo 

Analyzer tool (IDT, USA), and the sequences were summarized in Table 4.1.  

 

Table 4.1 List of oligonucleotides and their modification  

Name Modification Sequence 5’         3’ 

miR-143 2-O-

Methylation 

5’-UGAGAUGAAGCACUGUAGCUC 
CCTGACTTGAGCAAAATTGACT-3’ 

As1411 

aptamer 

 5’-GGTGGTGGTGGTTGTGGTGGTGGTGG 

CCATCGGCTATCGAAGCTCGAT-3’ 

Non-specific 

aptamer 

 5’-TTCCTCCTCCTCCTTCTCCTCCTCCTCC 

ATCGGCTATCGAAGCTCGAT-3’ 

Hybridization 

stand (HBS) 

 5’-TCCAGTTTTAAGTCAATTTTGCTCAAGTCAC 

ACCCCGCTAATCGAGCTTCGATAGCCGAT-3’ 

The original sequences of miR-143, AS1411 aptamer, and Non-specific aptamer were 

indicated by underlining, and the modified bases were highlighted in red. 
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4.2 Formation of molecular hybrid of miR-143 and AS1411 aptamer (MAH) 

 

In order to produce MAH, a combination of the aptamer, miR-143, and 

HBS at room temperature for 48 hours. Then, the products were examined by 10% 

native polyacrylamide gel electrophoresis. There was a partitioned band corresponding 

to the size of MAH (Figure 4.1, Lane 6). MAH was successfully formed via 

intermolecular hybridization of those oligonucleotide sequencing.  

 

 
Figure 4.1 Formation of MAH investigated by 10% polyacrylamide gel 

electrophoresis. (Lane 1 HBS =60bp, Lane 2 AS1411 aptamer =48bp, Lane 3 miR-143 

=43bp, Lane 4 HBS+AS1411 aptamer =108bp, Lane 5 HBS+miR-143 =103bp and 

Lane 6 HBS+AS1411 aptamer+miR-143 or MAH =151bp) 
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4.3 In vitro stability of MAH 

 

In order to create MAH, a combination of the aptamer, miR-143, and HBS 

in DMEM at 37C, 5% CO2 atmosphere for 1-7, and 30 days. Then the products were 

examined by 10% native polyacrylamide gel electrophoresis. When examining the 

findings from day 1 to day 7 and day 30, the results showed that MAH (lane 6) was 

extremely stable ( Figure 4.2) . The bands were still visible at even day 30, and the 

amount of MAH had slightly increased with time from day 1 to day 7, indicating longer 

incubation time might result in a larger number of products. Although miR-143 (lane 

3) had a 2'-O-methyl group that shielded them from exonucleolytic 3'-to-5' activity and 

made them more stable127, miR-143 was less stable and more easily demolished than 

DNA128. 

 

Figure 4.2 Gel electrophoresis was utilized to confirm the In vitro stability of MAH 

at day 1 – day 30. Lane 6 indicates the bands for MAH, 151 bp. 
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4.4 Quantification of endogenous miR-143 in CRC and normal colon cell lines 

using quantitative reverse transcription polymerase chain reaction (RT-qPCR) 

 

We initially investigated miR-143 expression levels in two human 

colorectal cancer cell lines (SW480 and Caco-2) as well as a normal colon epithelial 

cell line (CCD 841 CoN). When compared to normal cells, miR-143 expression levels 

were downregulated in both SW480 and Caco-2. However, the amount of miR-143 in 

SW480 was significantly lower than in Caco-2 (Figure 4.3). As a result, SW480 cells 

were selected for further investigation. 

 
Figure 4.3 MiR-143 expression was dramatically down-regulated in Caco-2 and 

SW480 cells, compared to CCD 841 CoN using RT-qPCR analysis. 

 

4.5 In vitro cellular uptake of MAH 

 

4.5.1 Study of AS1411 binding capability using a fluorescence 

microscope 

To investigate MAH's binding capabilities, the aptamers were tagged 

with FAM, a fluorophore, and then treated with MAH and MNH (non-specific 

aptamers) in SW480 cells. A fluorescent microscope was used to study the treated cells. 
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Figure 4.4 shows that the cells treated with MAH produced higher fluorescent signals 

than the cells treated with MNH. This suggested that the AS1411 aptamer could attach 

to SW480 through an interaction between the aptamer and nucleolin receptors on the 

cell surface.129. In contrast, when tested with normal cells (CCD841 CoN), MAH and 

MNH had no difference in fluorescent intensity under the FAM channel of the 

microscope (Figure 4.5). As mentioned in the literature, nucleolin proteins are more 

expressed in cancer cells than in normal cells130, 131. Therefore, the results indicated that 

our hybrid molecule is more specific to cancer cells than to normal cells. 

 

Figure 4.4 Fluorescent image of (A) SW480 treated with 10 μM MAH comprising 

FAM-labeled AS1411 aptamer, (B) SW480 treated with 10 μM MNH comprising 

FAM-labeled non-specific aptamer, and (C) SW480 without treatment 
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Figure 4.5 Fluorescent image of (A) CCD 841 CoN treated with 10 μM MAH 

containing FAM-labeled AS1411 aptamer, (B) CCD 841 CoN treated with 10 μM 

MNH containing FAM-labeled non-specific aptamer, and (C) CCD 841 CoN without 

treatment.  

4.5.2 RT‐qPCR analysis of exogenous miR-143 

To investigate the change of miR-143 levels in SW480 cells, we 

treated them with MAH and MNH for 48 hours. After testing, it was observed that miR-

143 expression levels were significantly higher in MAH-treated cells compared to 

MNH-treated and untreated cells (Figure 4.6) 
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Figure 4.6 MiR-143 expression rebounded in SW480 cells after treatment with MAH, 

*P<0.05.  

 

4.6 Investigation of alteration of miR-143 target gene products 

 

4.6.1 KRAS mRNA analysis using RT-qPCR in SW480 cells 

Previous studies had reported an increase in miR-143 levels after 

MAH treatment. Thus, we next analyzed KRAS gene expression in the SW480 cells. 

The experimental results revealed that when treated with MAH, the expression of KRAS 

mRNA was significantly lowered, compared to the control (Figure 4.7) . MiR-143's 

target, KRAS, has been identified using methods other than computational predictions 

utilizing tools like TargetScan, miRanda, and PicTar but also through experimental 

validation26, 132.  
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Figure 4.7 KRAS mRNA expression was diminished in SW480 cells after treatment 

with MAH, *P<0.05.  

 

4.6.2 KRAS mRNA analysis using RT-qPCR in CCD 841 CoN cells 

In this study, we determined KRAS mRNA expression in CCD 841 

CoN cells by qRT-PCR assay, and then compared it with the MAH-treated SW480 

cells. The KRAS mRNA expression was reduced dramatically in SW480 cells treated 

with MAH, similar to the level detected in CCD 841 CoN cells ( Figure 4.8) . This is 

consistent with Chen et al. research that reported that overexpression of miR-143 

inhibited KRAS expression, causing inhibition of constitutive phosphorylation of 

ERK1/226. Following an examination of KRAS expression at the mRNA level, further 

research was conducted at the protein level. 
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Figure 4.8 The KRAS mRNA level in MAH-treated SW480 cells was comparable to 

one in CCD 841 CoN, *P<0.05.  

 

4.6.3 Western blot analysis of KRAS, AKT and ERK proteins in 

SW480 cells 

Similar to mRNA expression results, it was discovered that SW480 

cells treated with MAH had considerably lower KRAS protein levels than untreated 

cells. In addition, the expression of AKT and ERK, downstream target proteins of 

KRAS133, 134, was found to be considerably reduced (Figure 4.9) 
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Figure 4.9 Western blot analysis on SW480 cells for KRAS, AKT, and ERK was 

treated with MAH, MNH and untreated treatment, respectively, for 72 h, and cell lysate 

and was detected with antibodies against KRAS, AKT, and ERK. Band intensities were 

quantitatively analyzed and normalized to α-tubulin. Data are mean ± SD from three 

replicates using one-way ANOVA (Dunnett’s T3 test), *P ≤ 0.05 indicates a significant 

difference 

 

4.7 Intercalation of Dox into MAH  

 

Doxorubicin (Dox) was incorporated into MAH because of its intercalating 

ability in DNA duplex. The intercalation was evaluated using fluorescence 

spectroscopy, which monitored the fluorescence quenching of Dox caused by its 

intercalation in MAH. Fluorescence spectra (Figure 4.10) revealed that Dox exhibited 

a maximal fluorescence signal at around 590 nm, which was consistent with the results 

reported in the literature135. Furthermore, when mixed with MAH, its fluorescence was 

entirely suppressed, demonstrating that Dox was successfully inserted. The 

intercalation is governed by interactions between aromatic moiety in Dox and GC base 

pairing in our molecular hybrid136.  
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Figure 4.10 Spectral analysis of free Dox solution fluorescence (0.95 μM) (green line), 

MAH (5 μM) (blue line), and Dox-MAH after incubation for 1.5 hours (yellow line).  

 

4.8 In vitro anti-proliferation studies 

  

4.8.1 Effect of Dox-MAH on SW480 

To study the effect of Dox-MAH on the proliferation of CRC, SW480 

cells were treated with MAH, MNH, Dox-MAH, Dox-MNH, and Dox at IC50 of Dox 

on SW480 cells (0.95 µM)29, and untreated cells served as a control. Cell viability was 

determined at 48 hours using the MTS assay. The results showed that Dox-MAH 

inhibited the proliferation of SW480 cells, which was not significantly different from 

Dox alone (Figure 4.11). They had similar abilities for suppressing cell growth. 

Furthermore, SW480 treated with Dox-MAH demonstrated lower cell viability than 

cells treated with MAH alone, demonstrating Dox toxicity. The cell viability of Dox-

MNH-treated cells demonstrated that Dox caused less harm to SW4 8 0  when the 

AS1411 aptamer was not utilized. The results of this study demonstrated that AS1411 

aptamer, a recognition and specificity component and facilitator of cellular uptake, can 

be used to tune the toxicity of Dox to the cells. 
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Figure 4.11 Effect of Dox-MAH on SW480 cell proliferation. The data are shown as 

mean ±SD, n=3, *P<0.05.  

 

 4.8.2 Effect of Dox-MAH on CCD 841 CoN  

 To assess Dox-MAH's impact on normal colon cells, CCD 841 CoN 

cells were treated with MAH, MNH, Dox-MAH, Dox-MNH, and Dox at the IC50 of 

Dox on SW480 cells (0.95 µM)29, untreated cells served as a reference. The cell 

viability of each tested sample is shown in Figure 4.12. The results showed that the 

various treatment molecules were not hazardous to normal colon cells because 

nucleolin expression on the cell surface is low in normal colon cells130. So, AS1411 

aptamers were unable to attach and carry substances into the cells. Therefore, Dox-

MAH is more toxic to colorectal cancer cells than to normal colon cells. 
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Figure 4.12 Effect of Dox-MAH on CCD 841 CoN cell proliferation. The data are 

shown as mean ±SD, n=3, *P<0.05 

 

4.9 Detection of CRC cell apoptosis after Dox-MAH treatment 

 

To further investigate whether Dox-MAH induces apoptosis, SW480 cells 

were treated for 48 hours with Dox-MAH, Dox-MNH, and Dox. A flow cytometer was 

used to evaluate the collected cells, which were double stained with Annexin V-

FITC/PI. Flow cytometric data showed that the percentages of viable cells in SW480 

cells decreased significantly. Dox-MAH induced cell death through apoptosis, not 

significantly different from that of Dox. This is demonstrated by a distinct shift from 

live cells to early and late apoptotic cell populations (Figure 4.13). In contrast, cells 

treated with Dox-MNH induced significantly fewer apoptosis than cells treated with 

Dox-MAH and Dox. This confirmed that Dox-MAH could trigger SW480 cell 

apoptosis and AS1411 aptamer facilitates the uptake of Dox into the SW480 cells.  
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Figure 4.13 Induction of apoptosis by Dox-MAH on SW480 cells analyzed with a flow 

cytometer.  

 

4.10 Western blot analysis of proteins in the relevant signaling pathways. 

 

To investigate the mitochondrial-dependent cell death pathway. Western 

blot analysis was used to examine changes in the protein levels of Bax, Bcl-2, and 

procaspase-3 in SW480 cells. After SW480 cells were treated for 72 hours as mentioned 

above, western blot analysis showed that Dox and Dox-MAH induced up-regulation of 

Bax but significantly down-regulation of Bcl-2 and procaspase-3. Several studies 

demonstrated that Dox-induced apoptosis in tumor cells. Chemotherapeutic drug-

induced death signals result in an inherent apoptotic mechanism driven mostly by the 

mitochondria. Mitochondrial cytochrome c released into the cytoplasm causes the 

creation of an apoptosome, a multiprotein complex. Apoptosomes include cytochrome- 

c, procaspase-9, and the adaptor protein Apaf-1, which cleaves and activates the 

effector caspase-3, causing cellular death substrates to be degraded137, 138. Procaspase-

3 expression is lowered when caspase-3 is activated because it is converted to caspase-

3. The Bcl-2 family of proteins regulates mitochondrial membrane permeability and 

can be either pro- or anti-apoptotic. Bcl-2 is an example of an anti-apoptotic protein. 

Bax is one of the pro-apoptotic proteins.139 

The experiment findings showed that Dox-MAH and Dox-induced 

apoptosis due to reduced intensity of anti-apoptotic proteins, Bcl-2 and procaspase-3, 
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but enhanced Bax intensity, which is a pro-apoptotic protein (Figure 4.14). In contrast, 

Dox-MNH showed significantly fewer apoptotic signals, suggesting the selectivity of 

AS1411 aptamer on CRC cells in terms of both targeting and decreasing chemotherapy 

side effects. 

 

Alpha-tubulin  
 

procaspase 3        35 kDa 

 

Bcl-2        25-28 kDa 

 
Bax        20 kda 
      

Figure 4.14 Apoptosis-related protein alterations in SW480 cells after treatment with 

Dox-MAH, Dox-MNH, Dox and untreated treatment, respectively, for 72 h and cell 

lysate were detected with antibodies against Bcl-2, Bax, and procaspase-3. Band 

intensities were quantitatively analyzed and normalized to α-tubulin. Data are mean ± 

SD from three replicates using one-way ANOVA (Dunnett’s T3 test), *P ≤ 0.05 

indicates a significant difference. 
 

Dox-MNH Control Dox-MAH Dox 

52 kDa 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 
 

This master thesis is successful in preparing a smart drug delivery system 

(SDDSs) of a molecular hybrid (MAH) composed of tumor-suppressor miR-143 and 

AS1411 aptamer as an anticancer drug carrier. The MAH was produced by combining 

miR-143 and AS1411 aptamers through a hybridization strand and then loading the 

molecule with Dox, a chemotherapy drug, in a DNA-RNA duplex. AS1411 aptamer 

can specifically bind to the nucleolin receptors on SW480 cells, leading to the 

endocytosis of MAH. The bioavailability and specificity of MAH in SW480 cells were 

revealed and confirmed by a fluorescence microscope. Upon the treatment of MAH into 

SW480 cells, the miR-143 level was significantly increased, while oncogenic KRAS 

mRNA and protein levels were subsequently decreased. In addition, the protein levels 

of AKT and ERK, the downstream target genes of KRAS and direct target genes of 

miR-143, were correspondingly diminished. The PI3K/PTEN/AKT and 

RAF/MEK/ERK pathways play a crucial role in tumorigenesis and chemotherapy drug 

resistance38. Inhibition of these two pathways might benefit CRC chemotherapy. 

Moreover, Dox-MAH was able to inhibit the proliferation and induce apoptosis in 

SW480 cells. Dox-MAH increased apoptosis by disrupting the permeability of the 

mitochondrial outer membrane and activating caspase-3 as a result, as evidenced by a 

rise in pro-apoptotic Bax and a decrease in anti-apoptotic Bcl-2 and procaspase-3 

proteins.  

However, the limitation of this research is the reduction of adverse effects 

such as cardiotoxicity was not directly proved. We know only that AS1411 facilitated 

the specificity of MAH to the CRC cells, and Dox was not harmful to normal colon 

cells. Consequently, further investigation on the direct effects of Dox-MAH on target 

tissues such as cardiac muscle and endothelial cells should be done in animal models 

(in vivo). Such a finding would be helpful to confirm not only the capability of Dox-

MAH molecule in lessening the adverse effects but also the effectiveness in cancer 

treatments. 
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In summary, this study demonstrated a new targeted drug delivery system 

using MAH as Dox and miR-143 carrier. Hopefully, therapeutic efficacy could be 

increased due to SDDSs' ability.  
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APPENDIX A 

CELL PROLIFERATION 
 

The CellTiter 96® AQueous One Solution Cell Proliferation Assay or MTS 

Assay (Promega, USA) is a method using colorimetric analysis for detecting the 

quantity of live cells in assays for cytotoxicity or proliferation. Tetrazolium compounds 

[3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium, inner salt; MTS] could be changed by NAD(P)H-dependent 

oxidoreductase enzymes generated in mitochondria in living cells into colorful 

formazan in proportion to the metabolic activity of mitochondrial enzymes. This 

Solution includes a new tetrazolium compound (MTS) and PES, or phenazine 

ethosulfate, is an electron coupling reagent. The combination of PES and MTS results 

in a stable solution due to PES's enhanced chemical stability. A spectrophotometer 

could be used to measure the amount of formazan generated to determine the quantity 

of cells present. The MTS reagent is given directly to the cultivated cells, and after a 

predefined period time1 hour, absorbance is measured at 490 nm using a microplate 

reader.140, 141 

 

 

Structures of MTS tetrazolium and its formazan product.141 

NAD(P)H NAD(P)+ 

Dehydrogenase enzyme 
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APPENDIX B 
QUANTITATIVE REAL TIME POLYMERASE CHAIN REACTION 

  

One technique for identifying and quantifying RNA is the quantitative 

reverse transcription polymerase chain reaction, or RT-qPCR. The starting material for 

complementary DNA (cDNA) is total RNA, commonly referred to as messenger RNA 

(mRNA). The qPCR process then makes use of the cDNA as a template. An alternative 

to the conventional PCR method for measuring DNA or RNA in a sample is called RT-

qPCR. Sequence-specific primers can be utilized to determine the number of replicas 

of a particular DNA or RNA sequence. Quantification could be accomplished by 

determining the amount of amplified product at each PCR cycle stage. Amplification 

happens sooner in the cycle when a certain sequence (DNA or RNA) is abundant in the 

sample; when the sequence is sparse, amplification occurs later in the cycle. For 

measuring the amplified product, fluorescent probes or fluorescent DNA-binding dyes 

are utilized, and real-time PCR instruments detect fluorescence while completing the 

thermal cycling necessary for the PCR process142, 143. 

Two-step RT-qPCR consists of two distinct reactions: first-strand cDNA 

synthesis (RT) and qPCR amplification of a portion of the resultant cDNA in a different 

tube. Consequently, many genes can be found in a single RNA sample using two-step 

RT-qPCR.  The separation of RT and PCR processes allows for the adjustment of 

reaction parameters for each step144. 

 

Two-step RT-PCR diagram (figure made in BioRender from AAT Bioquest, Inc. All 

Rights Reserved.). 
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APPENDIX C 
FLOW CYTOMETRY 

 

Flow cytometry is a technique that uses various types of parameters to 

evaluate single cells in solution in real-time. The scattered and fluorescent light signals 

generated by lasers, which are used as light sources in flow cytometers, are read by 

detectors such as photodiodes or photomultiplier tubes. It is a potent tool having uses 

in cancer biology, bacteriology, immunology, molecular biology, and infectious disease 

monitoring. Its tremendous advances over the past three decades have made it possible 

to study the immune system and other facets of cell biology in unprecedented detail 145. 

Flow cytometry approaches have had a considerable influence on studies of 

cellular apoptosis. Propidium iodide (PI) is commonly used in combination with 

Annexin V to evaluate whether cells are alive, apoptotic, or necrotic by observing 

changes in plasma membrane integrity and permeability146. Characteristics of the 

apoptotic program include loss of attachment and asymmetry of the plasma membrane, 

nuclear and cytoplasmic condensation, as well as DNA breaking by internucleosomes. 

A first indication is the loss of the plasma membrane. Phospholipid phosphatidylserine 

(PS) translocates from the inner to the outer leaflet of the plasma membrane in apoptotic 

cells, affording PS exposure to the surrounding cellular environment147. Annexin V is 

a Ca2+-dependent phospholipid-binding protein that attaches to cells with exposed PS 

and has a high affinity for PS. Annexin V can be coupled with fluorochromes such as 

FITC148. For example, live cells are FITC Annexin V negative and PI negative; necrotic 

cells are PI positive and FITC Annexin V negative; early apoptotic cells are FITC 

Annexin V positive and PI negative; and late apoptotic or dead cells are both FITC 

Annexin V and PI positive149. 
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(Figure made by DOJINDO Laboratories) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annexin V/PI staining for measuring apoptosis by flow cytometry. (figure made by 

Animated biology with Arpan) 
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APPENDIX D 

PREPARATION FOR EXPERIMENTAL REAGENT 

 
electrophoresis 

10% APS 

 Ammonium persulfate         0.10 g 

Dissolve ammonium persulfate in 1 mL of DI water. 

 

5X TBE buffer 

 Tris-Base (Tris(hydroxymethyl)aminomethane)    54 g 

 Boric acid           27.5 g 

 EDTA disodium salt         3.75 g 

Dissolve Tris-Base, Boric acid, and EDTA disodium in 1000 mL of DI water. 

 

10% SDS 

 Sodium dodecyl sulfate        10 g 

Dissolve SDS in 1 mL of DI water. 

 

1.5 M Tris-HCl, pH 8.8 

 Tris-Base (Tris(hydroxymethyl)aminomethane)    18.16 g 

Adjust the pH to 8.8 with 6 N HCl and add DI water to 100 mL. 

 

0.5 M Tris-HCl, pH 6.8 

 Tris-Base (Tris(hydroxymethyl)aminomethane)    6 g 

Adjust the pH to 6.8 with 6 N HCl and add DI water to 100 mL. 

 

Running buffer stock 10x pH 8.3 

25 mM Tris-Base (Tris(hydroxymethyl)aminomethane)  30.30 g 

192 mM Glycine       144.10 g 

10% SDS        10 g 

Adjust the pH to 8.3 with 6 N HCl and add DI water to 1000 mL. 
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1x Running buffer  

 10x Running buffer pH 8.3        100 mL 

 DI water           900 mL 

 

Transfer buffer or Towbin buffer stock 10x pH 8.3 

25 mM Tris-Base (Tris(hydroxymethyl)aminomethane)  30.30 g 

192 mM Glycine       144.10 g 

Adjust the pH to 8.3 with 6 N HCl and add DI water to 1000 mL. 

 

1x Transfer buffer 

 10x Transfer buffer pH 8.3        100 mL 

 Methanol           200 mL 

 DI water           700 mL 

 

10% Polyacrylamide gel 

 30% Polyacrylamide         2 mL 

 5X TBE           1.2 mL 

 10% APS           50 µL 

 TEMED           5 µL 

 DI water           2.8 mL 

 
15% Polyacrylamide gel 

 30% Polyacrylamide         1 mL 

 5X TBE           400 µL 

 10% APS           20 µL 

 TEMED           2 µL 

 DI water           600 µL 

 

4% Polyacrylamide gel 

 30% Polyacrylamide         1.3 mL 

 0.5 M Tris-HCl, pH 8.8        2.5 mL 

 10% SDS           100 µL 
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10% APS           100 µL 

 TEMED           20 µL 

 DI water           6.0 mL 

 

12% Polyacrylamide gel 

 30% Polyacrylamide         8 mL 

 1.5 M Tris-HCl, pH 8.8        5.2 mL 

 10% SDS           200 µL 

 10% APS           200 µL 

 TEMED           40 µL 

 DI water           6.4 mL 

 

Reverse Transcription (RT) master mix 

 100mM dNTPs (with dTTP)        0.15 µL 

 MultiScribeTM Reverse Transcriptase, 50U/ µL    1 µL 

 10X Reverse Transcription Buffer       1.50 µL 

 RNase Inhibitor, 20U/ µL        0.19 µL 

 Nuclease-free water         4.16 µL 

 

RT reaction  

 RT master mix          7 µL 

 Total RNA 10 ng          1 µL 

 Nuclease-free water         4 µL 

 RT miR-143 Primer         3 µL 

 

PCR reaction  

 TaqMan MicroRNA Assay (20X)       1 µL 

 TaqMan 2X Universal PCR Master Mix, No AmpErase UNGa  10 µL 

 RT reaction product         1.33 µL  

 Nuclease-free water         7.67 µL 
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