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ABSTRACT 

Osteosarcoma has been known as a type of aggressive bone cancer that is characterized by a 

high inclination for pulmonary metastasis. Despite the current therapeutic regimes including 

surgical excision of primary tumor, chemotherapy and advanced radiotherapy, patients often 

suffer a high incidents of the neoplasm recurrence[1]. Therefore, understanding the molecular 

regulation mechanisms for this cancer and exploration of novel treatment strategies such as 

immunotherapy have been carrying out. The purposes of this research were to determine the 

relationship of microRNA-21 and development propensity of VEGF and CD133 positive 

osteosarcoma cells. Besides, the study also focused on immunotherapy feasibility of 

interleukin-21 plasmid vector transfected into NIH3T3 fibroblast cells with high-performance 

reagents in a mouse model. Experimental molecular biology methods were performed to 

confirm the blockage of miR-21 has more effect on low-VEGF expression tumor cells, whereas 

inhibition of VEGF receptor has more effect on high-VEGF expression tumor cells. Besides, 

IL-21 incorporated plasmid vector can be successfully transfected into mouse fibroblast with 

Lipofectamine 2000 and 3000. Moreover, an OS immunocompetent animal model was 

established and ready to be used for IL-21 immunotherapy in vivo study. 
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CHAPTER 1 

INTRODUCTION 

Osteosarcoma (OS) is one of the most dangerous diseases with early metastasis and a poor 

prognosis, in spite of surgical removal enhanced with chemotherapy regimens [2]. It has been 

seen in orthopedic practice that osteosarcoma is the most widely recognized primary malignant 

bone tumor. With sophisticated chemotherapy and broad surgical removal of the tumor, the 

five-year survival rate of patients with localized osteosarcoma was improved from <20% 

before the 1970s [3] and 36% in the early 1980s, to 60% and 67% during the 1990s and early 

2000s, respectively [4]. It is apparent that development of new and more effective treatment 

strategies is badly needed. Recently, involvement of microRNAs and its impacts on immune 

therapies have emerged to understand and propose as adjuvant and potent ways to deal with 

issues regarding bone tumor recurrence and metastasis. With the rapid development of cell 

engineering and nanotechnology, novel research targeting building an Interluekin-21 (IL-21) 

nanofiber as an adjuvant apparatus for the malignant bone tumor has been performed in our 

laboratory. By utilizing several experimental molecular methods, such as polymerase chain 

reaction (PCR), DNA ligation, gene transformation, and plasmid DNA isolation, we are trying 

to build an IL-21 non-viral vector-containing fiber mesh, by means of electrospinning 

technique. We intend to detect and modify the influence of this nanofiber mesh encoding with 

IL-21 on osteosarcoma in mice models. In this thesis, my research sought to (1) understand the 

involvement and roles of microRNA-21 in the progress of osteosarcoma; and (2) examine the 

feasibility of development of a non-viral vector of an immunologic cytokine IL-21 and its in 
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vitro transfection efficacy into fibroblasts, which may operate on an expansive scope of 

lymphoid and myeloid cells of immune therapies and hence can induce innate and acquired 

immune responses [5]. The data suggested that miRNA21 ubiquitously presents in 

osteosarcoma cells, and that blockage of this microRNA may decrease the tumor growth 

pattern. Further, we have successfully constructed and transfected a plasmid vector containing 

IL-21 and GFP genes that can efficiently express the transgene products in NIH 3T3 cells. 

Further examinations are necessary to characterize the dose, spread, and security problems of 

the encoded IL-21 during the expanded period, as well as its functional effect of preventing 

tumor recurrence by activating the immune system.
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Osteosarcoma 

Osteosarcoma (also called osteogenic sarcoma) is the most widely recognized primary bone 

cancer. Its occurrence in children and young adults accounts for 60% of the total osteosarcoma 

cases. Although youngsters are the most regularly-influenced age group, osteosarcoma can occur 

at any age. It frequently begins in the lower part of the thigh bone (distal femur), the upper part of 

the shinbone (proximal tibia), or the part of the upper arm bone, close to the shoulder (proximal 

humerus) [6, 7]. Besides these locations, osteosarcoma can grow in any bone, including the hip 

bone (pelvis), shoulders, or jaw (mandible). In childhood and adolescence, osteosarcoma generally 

grows in regions where the bone is developing rapidly, such as close to the ends of the long bones. 

According to X-ray images and microscope sides, osteosarcoma can be classified into a few 

subtypes, some of which have a superior anticipated prognosis than the others. Based on 

microscopy, osteosarcomas can be classified in three grades: high, intermediate, and low grade [1]. 

By reviewing histology sections, specialists can get basic information about a tumor’s malignancy 

as well as how it will progress and invade the other tissues of patients' body. 

Before 1970, osteosarcoma treatment basically relied on surgical operation and resulted in a very 

poor five-year survival rate of less than 20% [3]. Before development of effective chemotherapy 

strategies, the main option available to patients was limb amputation [4]. In recent years with 

contemporary clinical treatments including chemotherapy, surgical removal, and radiation therapy, 

the five-year survival rate of osteosarcoma patients has been significantly improved to about 60%-

70%. Additionally, the advancements of diagnostic imaging and surgical techniques have been 
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increasing limb salvage intercessions to as high as over 90% of OS patients [4, 8]. Unfortunately, 

the survival rate remains dramatically lower for patients with metastatic lesions at diagnosis or 

when tumor recurrence occurred [9].  There is still a genuine need to upgrade current treatment 

techniques and to create novel methodologies for treating this bone cancer. 

2.2 Cancer Stem-Like Cells 

Cancer stem cells (CSCs) represent a subset of cells within tumors that possess many 

characteristics of stem cells, such as the ability of self-renewing and multi-directional 

differentiation, which facilitate their replications to unlimited numbers [10]. Indeed, cancer stem 

cells can also be named tumor-initiating cells (T-ICs), because it is demonstrated that they have 

the characteristic to produce new tumors, which is similar to progenitor cells [11]. There are several 

markers such as CD133, CD44, and CD24 on the cell surface, which are frequently used to detect 

and distinguish cancer stem cells. Since CSCs lack self-stability, they have a strong ability to 

infiltrate and metastasize [12]. More importantly, cancer stem cells remain in a relatively quiescent 

state, which is why most of them are insensitive to chemotherapy [13]. During regular 

chemotherapy treatment, a proportion of the stem-like cells may survive in the tumor and even 

significantly increase, which is the main reason for the emergence of resistance to traditional 

chemotherapy and radiation treatments, resulting in tumor recurrence [14]. Recently, many studies 

have demonstrated the presence of a stem-like cell subpopulation in osteosarcoma and have 

successfully isolated tumor stem cells that colonize and form tumors in a nude mouse xenograft 

model.[15, 16] 

2.3 MicroRNAs 

MicroRNAs (miRNAs) are a type of small noncoding RNAs which are about 19-24 nucleotides in 
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length, which can be found in almost all hereditarily-analyzed species, such as animals, plants, 

viruses, and human beings [17]. So far, scientists have identified approximately 800 to 1,000 

microRNAs in the complete set of nucleic acid sequences for humans, including both protein-

coding DNA and protein-noncoding DNA. They play a significant role in controlling fundamental 

cellular processes such as cell proliferation, differentiation, apoptosis, and re-location, which may 

determine the cell fate [18, 19]. Their essential roles in the post-transcriptional field may involve 

regulating and controlling gene expression [20]. Mature miRNAs are fused onto certain 

ribonuclear molecules to form a RNA-induced silencing complex (RISC). The miRNA-RISC may 

contribute to connective interaction between miRNAs and the 3′ untranslated region (3′UTR) of 

their objective messenger RNAs (mRNAs) [21]. This collaborative interaction leads to inhibition 

of protein generation and/or initiation of mRNA degradation, which can induce the silencing of 

gene expression [22]. Recently, the revelation of microRNAs has prompted another technique for 

infection diagnostics and therapeutics [21]. Many developing advances have been made in 

understanding their physiological capacities, while a few general standards connecting abnormal 

expression of miRNAs and diseases have been noticed, most prominently human tumors [23]. 

Several biological processes, such as cell development, cell cycle, cell proliferation, 

tumorigenesis, and cancer metastasis are altogether controlled and regulated by microRNAs [17, 

20, 24-27]. 

MicroRNA-21 has been identified as an oncogenic microRNA that modulates different 

downstream effectors related to many kinds of tumor genesis and metastatic potential. It is 

relatively conserved during the long history of evolution, and the gene coding for microRNA-21 

is located on chromosome 17q23.2 in the human genome [28]. A number of studies have shown 

that microRNA-21 was up-regulated in almost all solid tumors, including bone [29], lung [30, 31], 
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breast [32, 33], liver [34], as well as head and neck [35]. There is evidence determining that 

numerous of microRNA-21’s targets can encipher tumor suppressors. Moreover, microRNA-21 

can upgrade pathological cell necrosis through negatively control of tumor-suppressed genes 

related to a pathway named death receptor-mediated intrinsic apoptotic pathway [36]. This 

suppressor, under normal conditions, can play an important role in restraining tumor cells 

signaling, as well as inhibiting tumor cells duplication and relocation. However, during the 

aberrant expression of miRNA-21 these functions are repressed, which can lead to tumor cells 

growth and metastases. For example, phosphatase and tensin homolog (PTEN) tumor suppressor, 

which acts as a universal tumor-silencer gene, is a direct target of miRNA-21 [34]. Experiments 

showed that hepatocytes of murine model with directed functional inactivation of PTEN prompted 

the progress of hepatocellular cancer [37]. Also, microRNA-21 has a strong impact on cell division 

and cell apoptosis, which lead to an increase in cell proliferation and down-regulation of apoptotic 

death [38]. The tumor metastatic potential may likewise be impacted by microRNA-21 via 

modulator proteins like tropomyosin, factors that can regulate the extracellular matrix through 

metalloproteases [29]. 

2.4 Cytokines and Interleukins 

Cytokines are created normally by various cell types in the human body, and are small-size protein 

molecules with a variety of functions. They undeniably play the leading role in regulating the 

immune system in order to control chronic and acute inflammations. To be specific, these 

molecules, including interleukins (ILs), interferons (INFs), chemokines, and growth factors, are 

produced by specific cells of immunity. These cells most often are lymphocytes, monocytes, and 

macrophages. Secreting cytokines can help manage and modulate differentiation, relocation, 

initiation, and clearance of leukocytes. Some cytokine molecules have the ability to directly and 
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specifically upgrade or stifle thymus-derived cells’ (T-cells’) reaction against tumor cells, thus, it 

is not astounding that the foundational organization of cytokines (at first INFs and ILs) was the 

main methods of malignancy immunotherapy [39, 40]. Previously, development of cytokine-

directed medications was achieved by the advancement of recombinant DNA innovation utilizing 

gene-derived engineered Escherichia coli strains [39]. This approach allowed extensive scale 

generation of cleaned recombinant human cytokines, which became therapeutically available to 

local and systemic administration of patients.  

For example, in experimental autoimmune encephalomyelitis (EAE) mouse, it has been suggested 

that IL-35 combined with hepatocyte growth factors applied to mesenchymal stem cells of the 

mouse model through an adenovirus vector could viably generate promising immune-based 

therapeutic approaches for multiple sclerosis, a disease currently with no distinct cure [41]. 

Another example is IL-33, which was recently demonstrated by scientists to have a role in clinical 

diseases associated with helper T-cells (Th2), such as allergic rhinitis. Specifically, the expression 

level of IL-33, especially in patients' serum and nasal lavage, was more strikingly upgraded in 

allergic rhinitis inflammation than in controls, particularly in youngsters with asthma. Its 

expression degree corresponded to seriousness of illness [42]. 

My study focuses on Interleukin 21 (IL-21), one of the vital members of the gamma-chain receptor 

cytokine family, which is essentially induced by CD4+ T-cells and natural killer T- cells [43]. It is 

important for promoting a strong CD8+ T-cell reaction and has been proposed to advance 

immunotherapy against tumors. Its signal pathway has the capacity to express multiple 

phenotypes, which can contribute to innate immune response and antigen-specific response. 

Additionally, it impacts an assortment of immune cells, such as regulatory T-cells (Tregs), NK 

cells, macrophages, and dendritic cells [44]. Research on mice has demonstrated that IL-21 

organization improved multiplication, IFN-gamma generation, T-cell cytotoxicity. Also, 
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experiments have shown subcutaneous injection of mice prior to melanoma and renal malignancy 

brought about expanded invasion of CD8+ T-cells in tumor cells, and thus enhanced cancer relapse 

[45]. Clinical research in OS patients by Gao, Zhou, and Ji exhibited a lack of IL-21 expression, 

which may be because of a hoisted signaling cascade called PD-1/PD-L1, in which prohibiting 

programmed death, ligand 1 had returned the decrease in IL-21. There was evidence showing that 

among 15 osteosarcoma patients, all exhibited low levels of IL-21 directly released from CD4+ 

cells. However, people in control groups all had higher number of CD4+ T-cells than OS patients, 

which means that this malignant bone tumor can severely damage patients' IL-21 expression [46]. 

Moreover, treating the patients with exogenous IL-21 resulted in an increase of levels of IFN-

gamma emission and CD107a articulation, and enhancement of CD8+ T-cell cytotoxicity [46]. 

This research can exhibit the significance and necessity of IL-21 in osteosarcoma treatment. 

2.5 Immunotherapy 

Immunotherapy targets the immune system in order to arouse and reinforce the immunity response 

to kill the foreign antigens invading the human body [47]. Nowadays, cancer immunotherapy, 

which includes an extensive variety of treatment regimens that utilize the anti-cancer impacts of 

the immune system, has been a heated topic besides the traditional chemotherapy and radiotherapy 

[48]. Due to their heterogeneity, some immune therapies can comprehensively initiate immune 

protection against tumor cells, whereas others decisively focus on individual and unique malignant 

antigens [49]. A few immunotherapies can be "customized" via hereditary biological engineering, 

a topic of future study in our lab. Some, such as monoclonal antibodies, are generally accessible 

economically [40]. A feature that gives immunotherapy an overwhelming advantage over other 

anti-cancer treatment is that the side effects can be gentle and confined, or more extreme and 

systemic [40]. Approaches such as monoclonal antibodies, immune checkpoint blockage, cancer 
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vaccines, cytokines, and adoptive cellular treatments have been actively examined in clinical trials 

[39, 50, 51]. It has been a long time since immunotherapy was considered to be a promising 

treatment of various diseases, especially in melanoma, renal cell carcinomas (RCC), and refractory 

hematologic malignancies. The critical accomplishment in tumor immunotherapy happened in the 

1980s when Dr. Steven Rosenberg introduced lymphocytes and cytokines to people with 

melanoma. He performed detailed therapies in numerous cancer patients with melanoma and 

continues to concentrate in the area of medical immunotherapy, specifically in the investigation of 

melanoma and RCC [40]. This is much developing information featuring the potential for 

expansive relevance of immunotherapy in a great many malignancies [40]. To portray the hidden 

reason for malignant cancer immunity invasion as well as to plan compelling and functional 

immunological treatment, it is critical to know how the carcinoma cells affect the human immune 

system. Amassing evidence during the course of the most recent ten years from lab mouse models 

and clinical patients suffering from tumor has shown the significance of the immunity recognition 

system and how they exclude the cancer cells. The human immunological system additionally 

assumes a basic role in advancing cancer staging and metastasis. Therefore, stifling and/or 

advancing disease development is named tumor immune-editing, and it is comprised of three 

stages: elimination, equilibrium, and escape [52]. 

2.6 Vascular Endothelial Growth Factor (VEGF) 

Vascular endothelial growth factor is a heparin-binding growth factor specific for vascular 

endothelial cells and is a major proangiogenic factor in the human body. It has already been shown 

to have a role in regulating tumor angiogenesis in the clinical field. It is widely acknowledged that 

the new blood vessel development, called angiogenesis, is a major occasion during the period of 

tumor development and metastatic scattering. Thus, the atomic premise of tumor cell angiogenesis 
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has always been of distinct importance in cancer studies and clinical trials. During the tumor 

growth cycle, under the action of a variety of cancer-promoting factors, the expression of VEGF 

and its receptor in the tumor tissue proliferated. A large number of irregular neovascularizations 

are formed in tissues with cancer, which provides sufficient nutrients for tumor growth. At the 

same time, newly-synthesized blood vessels can afford multiple pathways for tumor invasion as 

well as metastasis. Angiogenesis, induced by VEGF, which involves the whole process of tumor 

occurrence, may assume a fundamental role by facilitating tumor vessels establishment, 

development, and survival from human systemic immunity [53]. A few VEGF-directed operators 

can be used as single agents or can be mixed with other therapies such as chemotherapy. It appears 

to benefit patients with terminal illness. VEGF-focused treatments were at first created with the 

concept that they would repress fresh vessel development and therefore keep tumors from essential 

oxygen and supplements. For example, in epithelial cancers such as breast, lung, or colon cancer, 

high VEGF expression corresponds to negative treatment outcomes. The inhibition of VEGF leads 

to restriction of cancer cell growth [54]. It has become progressively evident, nevertheless, that 

VEGF-related treatment is complicated and unpredictable in that it presumably requires multiple 

techniques and skills [55]. A superior comprehension of these systems will prompt developments 

in the utilization of these specialists in the medical field. That is the significance of our research.  
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CHAPTER 3 

HYPOTHESES 

The following two hypotheses have been proposed based on a review of the literature and the 

research efforts in our laboratory:  

3.1 Part 1. 

MicroRNA-21 plays an important role in the growth of osteosarcoma cells, and blockage of micro-

RNA21 can inhibit a portion of stem-like cancer cell growth. 

3.2 Part 2 

IL-21 as a CD4+/CD8+ T-cell promotor can be a useful agent for immunotherapy to treat bone 

cancer.  
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CHAPTER 4 

OBJECTIVES 

4.1 Part 1. 

To test the hypotheses, the first part of my research thesis focused on the relationship between 

microRNA-21 and growth patterns of VEGF+ and CD133+ osteosarcoma cells by detecting the 

variations of target gene expression and development and invasion rate of tumor cells after 

introduction of an inhibitor against VEGF and miR-21.  This was to confirm that miR-21 

modulates osteosarcoma and its cancer stem cells. 

4.1 Part 2.  

The second part of my research involved construction and characterization of a plasmid vector 

encoding IL-21 to examine whether the target gene can be effectively transferred to the target cells 

and can express IL-21 to promote local immune sensitivity. In addition, plasmid vector transfection 

rate and superior transfection reagent were evaluated in order to acquire a high-throughput method 

for DNA transfection. 
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CHAPTER 5 

 PREVIOUS ACCOMPLISHMENTS IN OUR LAB AND PRELIMINARY DATA 

5.1 Blockage of VEGF decelerated osteosarcoma growth in mice  

It is well-recognized that tumor angiogenesis depends on the balance between promoters and 

inhibitors of angiogenesis [56]. We have previously confirmed that high expression of vascular 

endothelial growth factor (VEGF) correlated with fast experimental osteosarcoma growth and lung 

metastasis, and blockage of VEGF effectively slowed down tumor advance [57, 58]. Figure 1 

illustrates the establishment of an orthotopic osteosarcoma model on SCID mice in which virus-

mediated VEGF blockage dramatically delayed the primary tumor growth and metastasis [58]. 

However, the tumor growth retardation by VEGF blockage was temporary, with the tumor 

eventually regaining its progression. Studies suggested that there was a group of CD133+ 

osteosarcoma cells that remaining growing during VEGF blockade [59]. CD133 is known as a 

cancer stem cell marker, and in some cancers may also serve as a prognostic factor [60]. This study 

suggested that VEGF blockage may only result in tumor growth inhibition on fast-growing 

osteosarcoma cells and probably has no influence on the survival and growth of CD133+ stem 

cell-like tumor cells [59] 
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Figure 1.  An orthotopic osteosarcoma model on SCID mice [58] 

5.2 Fabrication of gene-tethering nanofiber mesh using electrospun technique  

With collaboration and guidance of Dr. Asmatulu at the Department of Mechanical Engineering, 

WSU, previous efforts have been made to fabricate PCL-nanofiber materials with encapsulation 

of plasmids or antibiotics [61, 62]. Figure 3 illustrates the scheme diagram of an electrospinning 

procedure. There are several benefits to the electrospun fiber mesh, such as advanced proportion 

of surface to volume, suitable pliability and compliance, porosity and cellularity, a broad 

assortment of dimensions and forms, and great compatibility with living tissue or living systems, 

which means it will not be any dangerous, harmful, or physiologically- receptive, and will not 

cause immune rejection [63-65]. These features may make it a perfect applicant as a quality gene-

delivery device and remedial material. 
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Figure 2. Principle scheme diagram of an electrospinning procedure. The base machine provides solid electric field by 
producing high electronic pressure. 

5.3 In vitro transgene expression of gene-tethering electrospun nanofiber membrane  

Our laboratory has been focused on developing gene-tethering biomaterials as a gene delivery tool 

for cancer treatment. Efforts have concentrated on developing a PCL-electrospun nanofiber mesh 

as a wrapping material during joint replacement following removal of tumor tissue [62]. Non-viral 

plasmid vectors coding for eGFP gene were embedded into the nanofiber membranes, and in vitro 

tests exhibited high expression level of GFP signals following culturing fibroblasts on the 

membranes. 

 

Figure 3. Green color indicated GFP expression on cells cultured with gene-tethering nanofiber membrane [62] 
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5.4 Establishment of an orthotopic osteosarcoma mouse model  

To investigate the effect of VEGF blockage on osteosarcoma, our laboratory has effectively 

developed an animal model of experimental osteosarcoma [57, 58]. Bone tumor grew on the 

proximal tibia of the mouse models. This animal model uses immune-deficiency mice to 

accommodate human osteosarcoma cells. There are two types of immune-deficiency mice, SCID 

mouse and nude mouse. Nude mice are from a strain with a hereditary change that leads to a 

disintegrated or truant thymus, bringing about a restrained immune system due to a significantly 

decreased number of T-cells. Although mice are athymic, they possess a high number of activated 

NK cells. The SCID mouse strain, on the other hand, is due to a mutation at Prkdc, a protein kinase 

DNA enacted. The DNA-dependent protein kinase (DNA-PK) is vital for combining both strands' 

non-homologous ends bases of the DNA molecules. In this way, the deformity hinders the 

generation of functional B and T lymphocytes. Therefore, these types of mice won’t reject 

xenografts such as human cells transplants [50, 66]. However, SCID immune-deficient mice 

cannot be used for investigation of immunotherapy. My research continues this model 

development to establish an immune competent mouse model of osteosarcoma.  
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CHAPTER 6 

MATERIALS AND METHODS 

6.1 Research Strategy for Objective 1 

6.1.1 Cell culture 

Cell culturing is the process of removing cells from an animal or plant placing them in a growing 

environment that is under controlled and favorable artificial conditions. The most important thing 

during our procedure of culturing cells is that it is performed under a sterile environment to restrain 

bacterial growth or other forms of contamination. In the first part of our research, we purchased 

two osteosarcoma cell lines from American Type Culture Collection (ATCC), which were human 

osteosarcoma cells with different VEGF expression capacities. Previous investigation in our lab 

and others have identified that CRL-1543 is a type of low VEGF expression cell line, whereas the 

CRL-1423 cell line expresses high levels of VEGF during culture. All cells were cultured under 

aseptic operating procedures. 1423 cells were cultured in MoCoy’s 5A Medium supplemented with 

5% fetal bovine serum (FBS) and antibiotics. The cells were maintained in Eagle’s Minimum 

Essential Medium (EMEM) with the same concentration of FBS and penicillin. All cells were 

cultured at 37 °C in a 95% air, 5% CO2 incubator.  

For the second part of our study, the cells we used were NIT3T3 cells (ATCC).  The basic culturing 

steps were similar with the osteosarcoma 1543 and 1423 cells except that the culture medium was 

Dulbecco’s Modifies Eagle’s Medium (DMEM) with 10% fetal calf serum. 

The subculture procedure for those cells were identical. Before subculture, we turned on the UV 

light to sterilize the culture hood for at least half an hour.  All cell media needed to be warmed in 
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a 37 °C water bath. After discarding cell media and rinsing the flask or plate with phosphate 

buffered saline (PBS), the cells were treated with appropriate volumes of 0.25% Typsin-EDTA (3 

ml for a T-75 flask and 1 ml for a 6-well plate) in a 37 °C incubator for 5 minutes until all the cells 

were detached. Then we added 3-fold of culture medium with 10% FCS to stop the enzyme’s 

function. After centrifugation, the cell pellet was resuspended in fresh medium and transferred to 

a new flask or plate at appropriate cell density.   

6.1.2 RNA Extraction and reverse transcription real-time PCR 

To understand the involvement of microRNA-21 in osteosarcoma cell growth under different 

VEGF expression environment, two cell lines, CRL-1423 and CRL-1543, were divided into three 

experimental groups, including 0-h group (non-treated control group), VEGF blocking group, and 

miR-21 blocking group. All the cells were cultured with the proper method and conditions 

described above. After the three groups of cells had been cultured for 24 hours, the initial control 

cells were harvested. At the same time, miR-21 antisense oligonucleotide chain (has-mmir-21-5p) 

(sequence: 50-gsuscaacaucagucugauaagscsusas-Chol-30) and VEGF receptor inhibitor were 

added to the other two groups of cells, respectively, and then the two inhibitory group cells were 

further cultured in the media. These cells were collected 8 hours and 24 hours later, considered as 

an 8-hour inhibitory group and a 24-hour inhibitory group. After that, cDNA was reverse-

transcribed from RNA molecules for the purpose of performing real time quantitative PCR 

experiments to detect the expression of target genes, VEGF and CD133, in each sample. We used 

a commercial High-Capacity cDNA Reverse Transcription kit to make cDNA, and relative 

quantification PCR with SYBR Green reagent. Both kits and reagents were supplied by Applied 

Biosystems. Procedures were performed by ABiosystems StepOnePlus Real-time PCR systems. 

In addition, to examine the expression level of target gene in NIH3T3 fibroblast cells after 
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transfection, we also performed reverse transcription real-time PCR using the same commercial 

kit and system. The primers that were used to specifically bind the sequences of interest were listed 

in Table 1. 

Table 1 

SPECIFICALLY BLIND THE SEQUENCES OF INTEREST 

Target Primer Forward Sequence Reverse Sequence 

18s CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT 

Human VEGF  CCCACTGAGGAGTCCAACAT TTTCTTGCGCTTTCGTTTTT 

Human CD133 CTCCTETGCACCATGGCTET TTTCTGGACCCACTCCTCAC 

Mouse IL-21 GGGGACAGTGGCCCATAAAT TGGCCTTCTGAAAACAGGCA 

GFP Protein GACGTAAACGGCCACAAGTT AAGTCGTGCTGCTTCATGTG 

 

6.1.3 Scratch Migration assay 

The speed of migration was detected by utilizing a scratch measure technique [67]. After first 

culturing the osteosarcoma cells in a 6-well plate under standard conditions, followed by treating 

them with transfection of anti-miR-21 and/or inhibition of VEGF growth factor (SU4312), we 

scratched a straight line through the middle of each well of the tumor cells. Following this, we 

observed the osteosarcoma cells’ development and movement to envelope the scratch we made 

previously using a stage-differentiating magnifying lens. At the same time, images of the cells in 

arrangement were captured at 4 h, 8 h, 24 h, and 48 h, respectively. The capability of migration 

was determined only when cells moved from the injury edge.  

Specifically, the cultivation of two cell lines were divided into three groups, including one blank 

control group, one miR-21 inhibiting group, and the combination of miR-21 and VEGF inhibiting 
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group. The 1543 cells and 1423 cells at 5~10 x 105 cells per well were seeded and incubated 

overnight at 37°C in 5% CO2. The next day, the blank control (group 1) did not receive any 

blocking agent, whereas the miR-21-inhibiting one was supplied with miR-21 blocking agent 

(group 2) and the third group was supplied with miR-21 antisense as well as the VEGF receptor 

inhibitor (group 3). The plates were kept in the incubator until cell confluence (2-3 days). After 

that, the scratch migration assay was performed on all cells to compare the expansion capacities 

of each group. The coverage percentage of each time period during the experiment was analyzed 

by picture analysis software and the migration characters such as speed and pattern were evaluated 

among three groups. 

6.2 Additional tests for Objective 2 

6.2.1 Establishment of the Immune Competent Animal Model 

We used the immune-competent mouse strain BALB/c mice for this project instead our previous 

model of immune deficiency mouse (SCID mouse). The reason we needed to use 

immunocompetent mouse was that our search tended to evaluate a feasibility of immunotherapy, 

to see whether or not the plasmid vector-coded IL-21 gene could be successfully transfected into 

cells and result in self-immune reaction, aiming to kill any remaining cancer cells and prevent 

tumor recurrence. All animal procedures were approved by Wichita State University Institutional 

Animal Care and Use Committee (IACUC). Each mouse was weighed and anesthetized by intra-

peritoneal (ip) injection of 90 mg/kg Ketamine and 10 mg/kg Xylazine. After the mice were under 

anesthesia, the skin of the surgical area, the hind legs, was shaved with an electric clipper. After 

disinfecting both hind legs along the tail with Betadine and alcohol, the animal was transferred to 

a surgery table. Then a 0.5 cm incision was made, and muscle tissues were dissected to accurately 

expose proximal region of the tibia. The next step was to drill a transverse hole in the tibia with a 
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dental drill. The wound was rinsed and closed with 5-0 nylon suture. 50 µl of culture medium 

containing 105 osteosarcoma cells was then injected into the bone hole. After the operation 

procedure, the mice were kept under a heat lamp to keep warm until recovery from anesthesia. 

Each mouse also a received subcutaneous (s.c.) injection of 1 ml of saline to compensate for fluid 

loss. The mice were monitored daily for tumor growth.  

6.2.2 Plasmid DNA Stab Culture. 

IL-21 plasmid DNA was purchased from the Vector Builder Company, and one shot of Stbl3 

chemically competent E. coli, the corresponding strain of Escherichia coli (E. coli) host cells was 

obtained from Thermo-Fisher Scientific. Because the stab culture came from a single clone, we 

were able to directly use it and put it into the Luria Broth (LB) liquid medium, an exceedingly-

referenced microbial development medium containing multiple peptides, amino acids, and 

carbohydrates in a low-salt concentration utilized for the development of E. coli incubation. [68] 

However, in case of any failure in future steps, we first cultured the vectors transfected into E. coli 

on an agar plate. Bacterial stock in a glycerol solution was frozen under -80°C centigrade until 

use [69]. To seclude a solitary bacterial colony, we carefully streaked it onto an LB agar plate with 

100 μg/mL ampicillin to resist any other bacteria growth on the plate. Detailed performance of 

making LB agar plate were as following: 23 g of agar powder was poured into 100 ml of hot 

deionized water and mixed until the powder was fully dissolved. 900 ml of deionized water was 

added to the glass container and stirred well. Next, the flask was autoclaved using liquid 20-min 

program. After the LB agar medium was sterilized, it was cooled to around 55°C, then antibiotics 

were added to the medium and 15 ml was poured into each petri dish. The next step was E.coli 

inoculation, which was performed by using a sterilized loop to directly touch the frozen bacterial 

stock around a Bunsen burner. Then the loop was glided evenly back and forth across the petri 
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dish, and the petri dish was incubated upside-down for 24-48 hours in a 37 degrees Celsius 

incubating room. Numerous noticeable colonies were visible on the dish after overnight 

incubation. Then, several single colonies from the agar plate were transferred to LB medium with 

sterilized pipette tips and gently swirled. The bacterial cultures were incubated at 37°C overnight 

on a shaker. After the overnight incubation, I checked for bacteria propagation, denoted by a shady 

murkiness in the LB medium. 

6.2.3 Plasmid DNA Mini-prep 

The general protocol of plasmid DNA isolation began with centrifuging the E.coli bacterial media 

to eliminate the supernatant, then re-suspending the microbes in buffer. Next, we denatured and 

neutralized the re-suspended bacteria. Then, we expelled the plasmid DNA-containing supernatant 

by centrifugation. After that, plasmid DNA was precipitated using 95% ethanol. Then, we washed 

DNA plasmids by adding 70% ethanol to separate it from co-precipitated salt. The final step was 

to re-suspend the DNA pellet [70]. For my experiments, two samples of 2 ml each from two 

different individual colonies were each resuspended in 250 μl resuspension buffer (Buffer P1) 

followed by adding 250 μl lysis buffer (Buffer P2) and 350 μl neutralization buffer (Buffer N3). 

Then we pipetted around 800 μl of the top layer after centrifugation. After that, we performed 

washing with 0.5 ml of binding buffer (Buffer PB) and 600 μl of washing buffer (Buffer PE). To 

elute DNA samples, 50 μl of elusion buffer (Buffer EB 10 mM TrisCl, pH 8.5) was transferred to 

the middle of a centrifugation tube without touching the filter, and incubated for 1 minute before 

spinning them down. The result was analyzed via NanoDrop 2000 spectrophotometer by pipetting 

1.5 μl of each sample directly onto the measurement surface area. Then programmed software was 

used to calculate the concentration and purification of each sample.  

6.2.4 Restriction Enzyme Digestion and Agarose Gel Electrophoresis 
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The plasmid gene expression vector encoding IL-21 was designed and constructed by 

VectorBuilder powered by Cyagen. For the purpose of confirming and identifying that the gene 

was successfully inserted into the cloning vector, we digested the plasmid DNA with two specific 

enzymes and ran agarose gel electrophoresis. The downstream procedure could not be completed 

unless the plasmid DNA vector had been evaluated in advance. 

Agarose gel electrophoresis is a common technique in molecular biology research. We performed 

this technique to visualize the size of cDNA products or DNA segments following electrophoresis. 

By utilizing electrophoresis, we can perceive the number of disparate DNA fragments in the 

sample and the sizes they are in respect to each other. Moreover, we can see exactly how large of 

each DNA fragment by comparing it to a standard "measuring ladder," which consists of DNA of 

known sizes. The DNA samples we used came from the PCR reaction and restriction enzyme 

digestion of plasmid DNA that was performed later in our lab. After we finished gel 

electrophoresis, a clear result with noticeable bands was observed under UV light exposure. The 

small fragments of DNA pass through the pores more quickly than the larger ones. Thus, after the 

gel has run, the smallest fragment were near the positive end of the gel, while the largest fragment 

remained close to the wells. 

Based on the principle protocol above, certain equipment including casting tray, well combs, 

voltage source, and gel box were prepared ahead of performance, as well as necessary reagents, 

appropriate restriction enzyme, digest buffer, and dye. Next, we used two specific restriction 

enzymes, ApaLI and Xhol, to double digest the purified DNA samples. 0.3 μg of each sample was 

digested separately by ApaLI (recognition sequence: G TGCA C), Xhol (recognition sequence: C 

TCGA G) and both of the two enzymes (0.1 μg of each reaction) to make a total of six reactions. 

Each reaction contained 1 μl restriction enzyme, 0.1 μg of DNA, 1 μl of CutSmart Buffer (New 

England BioLabs Inc.), and adjustable deionized water to make a total volume of 10 ml. Then 
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ingredients were mixed well by gently flicking the tube. Next, they were centrifuged and inculated 

at 37°C for half an hour. Finally, I checked the digestion by loading reaction solution into gel.  The 

correct fragment sizes on agarose gel electrophoresis in accordance with a 1 kb DNA ladder 

indicated the proper and adequate targeted cloning vector were incorporated based on the size of 

the sample bands. 

6.2.5 Plasmid DNA Transfection 

After the verifying the IL-21 gene was correctly inserted into the plasmid vectors, NIH3T3 

fibroblast cells were used to evaluate the transfection efficacy of the plasmid vectors. To efficiently 

transfect the plasmid vectors into cells, specially designed cationic lipids such as Invitrogen 

Lipofectamine Transfection Reagents have been widely used. The fundamental structure of 

Lipofectamine reagents comprise of a positively charged head group with various hydrocarbon 

chains. These charged cationic head groups interact with the phosphate backbone of the nuclei acid 

to facilitate DNA condensation, which help the fusion of the liposome/nuclei acid transfection 

complex with the negatively charged cell membrane and deliver the plasmid DNA entering the cell 

through endocytosis. Since launching in 1993, Lipofectamine reagents DNA entering the cell 

through endocytosis[71, 72]. Since launching in 1993, Lipofectamine reagents (ThermoFisher) 

have become the most popular transfection reagents with numerous published reports. Although 

the Lipofectamine-mediated delivery is described a fast, simple, and reproducible means for easily 

introducing nucleic acids into eukaryotic cells, there are a few different Lipofectamine® reagents 

available for transfecting different payload (DNA, RNA, siRNA, or oligonucleotides) to various 

types of cells. We have examined the transfection efficiency of the IL-21 plasmid vectors to 

fibroblasts using Lipofectamine 3000 and Lipofectamine 2000.   

Before the procedure, all plates of cells were cultured until reaching 70% to 90% viablity at the 
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day of transfection. For a 12-well plate, the seeding density was 0.1 x 106 and the cells at 

confluency were four times higher than seeding density. During the procedure, all steps were 

carried out under rigorously aseptic conditions. For Lipo3000 reagent transfection, in step 1 two 

concentrations of Lipo3000 reagent were made by diluting 1.5 μl and 3.0 μl of reagent each into 

50μl of reduced serum medium (Opti-MEM medium) and mixed well. In step 2, 2.5 μg of plasmid 

DNA (1314 ng/μl) was diluted in 100 μl Opti-MEM medium, then 5 μl P3000 reagent was added 

and gently mixed. In step 3, 50 μl of diluted DNA was added to 50 μl of each concentration of 

diluted Lipo3000 reagent, making sure the ratio was 1:1. In step 4, the master mix was incubated 

for 15 minutes at room temperature. In step 5, DNA-lipid reagent complex was added to 3T3 cells 

and incubated for 6 days at 37 °C, then analyzed by collecting medium every other day and 

collecting cells by typsinization and centrifugation. For Lipo2000 reagent, the general transfection 

steps were similar to Lipo3000, except the numerical values. In step 1, four concentrations of 

Lipo2000 reagent were made by diluting 4 μl, 6 μl, 8 μl and 10 μl reagents each into 100 μl of 

Opti-MEM medium. In step 2, 10 μg plasmid DNA was diluted in 250 ul Opti-MEM medium. The 

rest of steps were the same as described above.  

6.2.6 Enzyme-linked Immunosorbent Assay (ELISA) 

IL-21 expression levels were determined by collecting the incubation medium of 3T3 fibroblast 

cells. Sandwich ELISA, which is the method to determine the substance of interest attached 

between capture antibody and detection antibody, was used to quantify the protein produced by 

IL-21 in the culture medium. This format was delicate and powerful for signal amplification 

(sensitivity is 16 pg/mL), even for analytes of low concentration. Cell culture medium was 

collected at 1 day, 3 days, and 6 days after transfection with Lipo2000 and Lipo3000 reagents 

respectively, which includes four gradients of Lipo2000, 4 μl, 6 μl, 8 μl and 10 ul per well, as well 
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as two gradients of Lipo3000, 1.5 μl and 3.0 μl per well. Afterwards, the results were evaluated by 

performing ELISA utilizing Mouse IL-21 Uncoated ELISA kit (ThermoFisher Scientific). Before 

quantitative detection of mouse IL-21, several reagents needed to be prepared. Firstly, coating 

buffer (1X) was made by using deionized water and diluting the capture antibody in coating buffer. 

After that, diluent concentrate was made in deionized water at a ratio of 1:5. Then the standard 

solution was prepared by adding distilled water 30 minutes before use. Last, the detection antibody 

and enzyme (HRP) was diluted with ELISA/ELISPOT. The procedure included the following 

steps: step 1, the plate was coated with capture antibody (100 μg/well) and kept in a 4 °C freezer 

overnight. Step 2, the plate was washed three times with 260 μl/well washing buffer (1X PBS, 

0.05% Tween-20) to remove the uncoated antibody. Step 3, 200 μl/well blocking buffer was added 

and the plate was kept under room temperature for 1 hour. Step 4, the washing step was repeated. 

Then two-fold of serial dilution was made in the left row of a 96-well plate, while the rest of the 

wells were composed of 100 μl/well of samples and the same amount of ELISA diluent (blank 

controls). Then the plate was sealed and kept in 4°C overnight. Step 5, the washing step was 

performed five times before adding 100 μl/well of the second antibody. Next, the plate was 

incubated at least for one hour under room temperature. Step 6, the plate was washed again, and 

100 μl/well of enzyme HRP was added and incubated for at least 30 minutes under room 

temperature. Step 7, the washing was repeated step and 100 μl of substrate medium (TMB) was 

pipetted into each well and incubated for 15 minutes to see the changes of color (blue). If the color 

was not obviously visible, time was extended for another 15 minutes. Step 8, the process was 

halted by pipetting 2 N sulfuric acid, followed by a color change to yellow. The results were 

obtained by using molecular device SpectraMax.  
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6.2.7 Statistical Analysis 

The measurable and statistics examination data among various simples and groups that we 

performed were collected and analyzed by t-test or ANOVA. The t-test is for comparisons between 

two groups, while ANOVA allows us to compare the different results between several groups. We 

used the SPSS programming bundle (SPSS; Chicago, IL, USA). If the p-value was less than 0.05, 

the comparisons were taken as a significant difference. The final experimental data were listed as 

mean ± standard deviation. 
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CHAPTER 7 

RESULTS AND DISCUSSION 

7.1 Part 1 

The first part of my study was an extension of the previous investigation to explore the roles of 

microRNA-21 in the growth of osteosarcoma cells and its relationship with VEGF blockage and 

the CD133+ stem cell-like osteosarcoma cells. After treating experimental groups with VEGF 

inhibitor, the VEGF expression in completely varied VEGF-expressing osteosarcoma cells 1543 

and 1423 cell lines was decreased to 22% and 61% respectively, compared to the control group 

(Figure 4 and 5, P<0.05). This VEGF elimination resulted in noticeable higher CD133 gene 

expressions, which were 1.54 (±0.09) higher in 1543 cells and 2.46 (±0.25) higher in 1423 cells (P 

< 0.05). For the cells after blocking miR-21, however, it appeared that only the low VEGF-

expressing cells (CRL-1543 cells) resulted in significantly reduced VEGF and CD133 gene 

expression levels (Figure 4 and 5, P<0.05), whereas elevated expression levels were seen in 1423 

cells with expression more than three times higher than blank control (Figure 4 and Figure 5). 
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Figure 4. Comparison of VEGF and CD133 gene expression level with real-time PCR in 1543 cell lines after blockage 
of VEGF and miR-21. 

 

Figure 5. Comparison of VEGF and CD133 gene expression level with real-time PCR in 1423 cell lines after blockage 
of VEGF and miR-21. 

Time studies further evaluated the gene regulation patterns following VEGF blockage or/and 

miR-21 diminishment. Reverse transcription real-time PCR of the 1543 cell line also 

demonstrated that, after treating the sample with VEGF inhibitor, the expression levels of 

VEGF and CD133 were first promoted, however, expression gradually diminished over time. 

More importantly, 24 hours after inhibitor treatment, VEGF expression levels had decreased 

even lower than that of control group. In addition, after miR-21 being blocked, there were no 
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noteworthy changes of VEGF gene and CD133 gene expression with the progress of time 

(Figure 6 and Figure 7). 

 

Figure 6. Variation with time of VEGF and CD133 gene expression level after VEGF inhibition in 1543 cell line. 

 

Figure 7. Variation with time of VEGF and CD133 gene expression level after miR-21 inhibition in 1423 cell line. 

 

According to 1423 cells real-time PCR results from Figure 8 and Figure 9, it appeared that 8 

hours and 24 hours after VEGF inhibitor, the CD133 expression level was dramatically changed. 

A considerable increase occurred at early time of 8 h, which is 4.13 times of the control group. 

Then it reduced dramatically to only 79% of initial controls. 
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Figure 8. Variation with time of VEGF and CD133 gene expression level after blockage of VEGF in 1423 cells. 

 

 

Figure 9. Variation with time of VEGF and CD133 gene expression level after blockage of miR-21 in 1423 cells. 

7.1.1 Scratch Migration Assay results. 

To examine the regulatory roles of the VEGF and miR-21, the scratch migration assay was 

performed. It is interesting that the propagation rate of 1542 cell line was expressively faster than 

that of 1423 cell line (Fig.11 and Fig.13). Among the 1543 cell line, the two experimental groups, 

the miR-21 inhibition group and the miR-21 antisense plus VEGF inhibition group, exhibited 

significantly decreased migration and growth to fill the gap over the control group (P < 0.05), 
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although there was no significant difference between two experimental groups (Figure 10 and 

Figure 11). For the distinctly higher VEGF-expressing 1423 cell line, the scratch test showed that 

the combination of miR-21 antisense and VEGF inhibition group illustrated the most dramatic 

effects in blocking the tumor cell growth (Figure 12 and 13), although elimination of miR-21 alone 

also revealed the cell growth and migration compared to the controls (Figure 12 and 13) 

 

Figure 10: CRL-1543 cell migration images with a phase-contrast microscopy, (a) showed the straight and clear line 
scratched at 0 hour, (b) showed cell migration of group 1 at 12 hour, which nearly reached out the 90% coverage, (c) 
and (d) showed cell migration of group 2 and 3 respectively at 12 hours, the coverage is around 40% and no significant 
difference was observed.  

 

Figure 11: The tendency of low VEGF expression 1543 cell line development and migration. The top curve represented 
the control group without any inhibitor, which remained at higher coverage than the other two groups. Groups of miR-
21 (-) and miR-21(-)&VEGF(-) exhibited almost the same rate of increase, and during 4 h to 8 h, miR-21 (-) was 
slightly faster than miR-21(-)&VEGF(-). 
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Figure 12: CRL-1423 cell line migration assay with a phase-contrast microscopy. (a) showed the scratch at 0 hour. 
(b), (c) and (d) showed the cell coverage three groups at 12 hours after scratching the line. (b) indicated the blank 
control group, which had highest cell migration. (c) indicated the miR-21(-), which was second to (b). (d) was the 
miR-219(-) VEGF(-) group, which had the least cell coverage between the two lines.  

 

Figure 13: The curve graph illustrated the 1423 cells with high VEGF expression. During the first 8 hours, all groups 
showed a slow increase, however, from 8 hours the rate of increase sped up until the 24 hours. The controls revealed 
the highest percentage, whereas the miR-21(-) and VEGF(-) showed the lowest proportion. 

7.2 Part 2 

7.2.1 IL-21 Plasmid Vector buildup and development 

The commercial tool (VectorBuilder, Cyagen.com) was employed to design and manufacture an 

expressing plasmid vector of 4988 base pairs, with the name of pRP[Exp]-EGFP-

CMV>mIl21[ORF046275] (Figure 14). This circular plasmid vector comprised a CMV promotor, 

IL-21 target gene, and GFP marker gene, besides the ampicillin selection gene. The consequent 

studies will evaluate its capacity to express high quality of products after transfection, which are 

IL-21, the target cytokine, and green fluorescence protein (GFP). 
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Figure 14. Construct of the designed plasmid and its components. 

E.coli encoded with plasmid DNA were cultured on agar plates and several single colonies that we 
expected were found in Figure 15. The arrows indicate the colonies we randomly picked up, which 
represented an individual E.coli cell for further bacterial culture and plasmid confirmation.  
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Figure 15. E.coli growth in a petri dish. A and E arrows indicates single colony. 

7.2.2 Plasmid isolation (Mini prep) to amplify the vectors in competent bacteria 

We successfully showed that IL-21 plasmid DNA has been accurately incorporated into E.coli 

bacteria, which possess many mechanism to maintain high copy numbers of foreign-inserted DNA 

plasmids. Following mini prep with the QIAprep spin Miniprep kit, the plasmid DNA was treated 

by specific restriction enzymes to confirm the correct inserted transgene, and revealed the expected 

sizes on agarose gels after electrophoresis (Figure 13). The result of plasmid isolation from bacteria 

strain (Mini prep) are shown in Table 2. The concentrations of nucleic acids were 0.082.3 μg/μl 

and 0.0188 μg/μl, respectively. The values of A260/280 for sample 1 and sample 2 were 1.95 and 

2.07 (>1.8), which indicated as “pure” for DNA. Moreover, the values of A260/230 were the 

second assessment for DNA purity (expected range was 2.0~2.2), and both of the samples were 

above 2.2.   
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Table 2 

RNA EXTRACTION SAMPLE CONCENTRATION 

NO. Nucleic Acid Unit A260(Abs) A280(Abs) 260/280 260/230 Sample Type Factor 

1 82.3 ng/μl 1.646 0.846 1.95 2.27 DNA 50.00 

2 0.1888 μg/μl 0.377 0.182 2.07 2.38 DNA 50.00 

 

Gel electrophoresis results are shown in Figure 4. From of left lane to right lane: DNA ladder, 

intact plasmid, Xhol-treated sample, ApaLI-treated sample, and Xhol+ApaLI-treated sample, 

respectively. It was obvious that the non-treated DNA plasmid migrated less distance than the other 

enzyme-treated ones, because the intact ones remained in the circular frame. The DNA plasmid 

molecules digested by Xhol were virtually cut out at the position of 2691 bp, and left a 4988 bp 

size fragment. Likewise, DNA samples with ApaLI restriction enzyme were cut out at the locations 

of 3407 and 4653 bp which can be visualized two fragments of 1246 and 3742 bp in size. Similarly, 

samples treated with both of the enzymes resulted in 716-, 1246- and 3026-bp fragment bands on 

the gel. The above results were clear and well-defined bands that indicated that plasmid vector 

successfully contained the gene of interest, which laid the principal foundation for following 

research.    

 

Figure 16. Images of DNA gel electrophoresis after restriction enzyme digestion. 
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7.2.3 Target plasmid DNA transfection into NIH 3T3 cell line 

We utilized the mouse embryonic fibroblasts (NIT3T3 cells) as the destination cell for IL-21 

plasmid DNA transfection, since fibroblasts are commonly found in the adjacent tissues of 

osteosarcoma and the 3T3 cell line has generally been used in similar research [73]. For the sake 

of optimizing the transfection rate as well as lowing the risk of incorporation between the DNA of 

interest and the cell lines, we used two kinds of cationic lipid-based reagents, Lipofectamine 2000 

(Lipo 2000) and Lipofectamine 3000 (Lipo 3000) from ThermoFisher Scientific to better fulfill 

the experiment results. Results were captured and visualized under fluorescence microscopy three 

days after transfection owing to the EGFP fluorescence encoded in the plasmid vector that can be 

detected in successfully transfected 3T3 cells.  

For the purpose of further innovation, we compared the results from two different kinds of reagents 

known as Lipo 2000 and Lipo 3000, among which for Lipo 2000, we used four different volumes, 

and for Lipo 3000, we tried two different volumes suggested by the manufacturer. We seeded the 

cells in a 12-well plate, with confluence was around 70-90%.  

Figure 17 and 18 indicate the results observed under fluorescence microscopy after incubating the 

cells at 37 °C in an incubator for 72 hours post-transfection. Based on microscopy, the average 

number of successfully transfected cells with Lipo2000 reagent was obviously greater than those 

treated with Lipo3000. 
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Figure 17. NIT3T3 cell line was transfected with an enhanced green fluorescence protein reporter using Lipo2000 
transfection reagent. The top panel are the UV images, whereas the bottom panel indicates the corresponding images 
in the bright field. (A) (B) (C) (D) indicates the working volumes were 4 l, 6 l. 8 l and 10 l. 

 

Figure 18. NIT3T3 cell line were transfected with an enhanced green fluorescence protein reporter using Lipo3000 
transfection reagent. (E) working volume of Lipo2000 was 1.5 l per well. (F) working volume was 3.0   per well. 

To be more specific, the average number of transfected cells with two types of lipid reagents, 

together with six different amounts of reagents working volumes were counted using Image Pro 

software. And these numbers were divided by the total cell numbers under the same field of 

microscope to examine the transfection rate under microscope. As shown in Figure 19, it is 

apparent that Lipo2000 maintained a higher performance than Lipo3000 did for 3T3 fibroblast 

cells. Particularly, Lipo2000 with 8 μl per well achieved the best efficiency of 39%, while 

Lipo3000 with 3.0 μl per well was only 15%, the lowest transfection rate among all the 

experimental groups. Moreover, the data also demonstrated that even if liposome-based reagents 
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played an important role in significantly improving the success rate, there were still some 

limitations, such as working volumes. For NIH3T3 cells, although they were immortalized mouse 

embryonic fibroblasts, if too much reagent was added to the cells, it could lead to the opposite 

unexpected results. For example, 10 μl of Lipo2000 and 3.0 μl of Lipo3000, the highest volumes 

in our research recommended by the manufacturer, did not achieve better results. It is possible 

some lipid reagents can be toxic to certain type of transfection cells; another reason may be the 

incubation time was too long or the amount of plasmid vector was too high. 

 

Figure 19. IL-21 plasmid vector contained a GFP reporter gene was transfected with Lipo3000 into 3T3 cells in 
comparison to Lipo2000. 

 

7.2.4 Expression of IL-21 in NIT3T3 cell line. 

7.2.4.1 Enzyme Linked Immune Sorbent Assay (ELISA)  

From the description in Figure 17, an IL-21 concentration standard curved was run on each of the 

test plate (R2=0.997), which performed by 2-fold serial dilutions of the top standards to make the 

standard curve, for a total of 8 points. The X-axis represents the mean value of absorbance of 450 

nm, and Y-axis shows the corresponding target protein concentration. According to the equation 

made from standard curve, the smallest standard value was 0.131 and the largest standard value 
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was 3.183. 

 

Figure 20. ELISA standard curve for quantitative detection of mouse IL-21. 

 

According to the standard curve, we calculated the concentration of each sample. Figure 21 

illustrates the comparison between reagent Lipo2000 and Lipo3000, and the reporter protein 

expression levels at day 1, day 3 and day 6. Overall, Lipo2000 had a high throughput compared 

with Lipo3000, especially at the first day after procedure, at which the transfection efficiency was 

6.5 times higher than Lipo3000. In addition, for Lipo2000, the average of protein expression 

changes among three days differed greatly, from as high as 0.7 μg/ml at the first day to as low as 

0.05 μg/ml at the sixth day. However, for Lipo3000, the protein level fluctuated less over the three 

days. 
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Figure 21. Average IL-21 protein expression level of samples treated with Lipo2000 and Lipo3000 in the 1st, 3rd and 
6th day after transfection. 

For Lipo2000 samples, the 3 days’ average reporter protein signals were detected from cell culture 

medium. Cells treated with 8 μl reagent had the strongest signal, whereas 6 μl reflected the lowest 

signal (Figure 22) 

 

Figure 22. Comparison of average IL-21 protein expression level in three days among Lipo 2000 reagent volumes. 

Moreover, for Lipo2000, the concentration of target protein in the sample combined with 1.5 μl of 

reagent was higher than that with 3.0 μl of reagent (Figure 23).  
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Figure 23. Comparison of average IL-21 protein expression level in three days among Lipo3000 reagent volumes 

 

7.2.4.2 Quantitative Real-time Reverse Transcription-Polymerase Chain Reaction 
 
Real-time PCR for IL-21 was performed by utilizing cDNA that was reverse transcripted from 746 

ng/μl to 1869 ng/μl of RNA extraction, based on the manufacturer’s guideline (Invitrogen). We 

utilized the 18s housekeeping gene as internal control and a reference sample cDNA without either 

IL-21 or GFP encoded to calculate and analyze the relative quantification of target genes. SYBR 

reagent was added when setting up the reaction.  

The results of changes in gene expression level after transfection with two different reagents were 

calculated through comparative CT method, using the formula: 2ΔΔCT as shown in Figure 24. Based 

on the IL-21 and GFP expression level of samples treated by Lipo3000, each histogram represented 

how many fold of gene expression that Lipo2000 exhibited over Lipo3000. As is shown in the 

graph, all samples transfected with Lipo2000 (4 μl, 6 μl, 8μl) were several times higher than those 

with Lipo3000, except the one with 10 μl reagent. This significantly illustrated that Lipo2000 

remained higher efficiency than Lipo3000, and high volumes of reagent might restrain cell growth 
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which can interfere with low transfection efficiency. In addition, GFP gene expression level was 

higher than IL-21 gene in each sample, however both had a similar tendency among various 

volumes of reagents. 

 

Figure 24. IL-21 and GFP gene expression level of different volumes of Lipo2000 reagent in comparison of Lipo3000 
reagents.  

7.2.5 Immune Competent Mouse Model  

We developed the experimental osteosarcoma on immune-competent mice in preparation for a 

future study promoting and examining the response and function of T and B lymphocytes in 

detection and elimination of cancer cells. We identified a mouse osteosarcoma cell line: K7M2-

WT cells. 100% of the immune-competent Balb/C mice developed orthotopic primary 

osteosarcoma on the proximal tibia after inoculation with K7M2-WT cells. The surgical injection 

area on the tibia developed an over-localized swelling appearance two months after the procedure, 

and almost 75% of mice developed pulmonary metastasis. Then the mice were sacrificed, and the 

tumor masses and lungs were resected under aseptic conditions. After that, the tumor and lungs 

were treated with Hematoxylin and Eorin (H&E), Figure 25 shows the histological image of a 

pulmonary metastatic tumor on a Balb/C mouse two months post primary osteosarcoma tumor 
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development at the proximal tibia.  

The histological appearance of the primary bone tumor was in an atypical round to oval shape, and 

mostly were presented as a pleomorphism. These malignant cells severely invaded healthy bone 

tissue, which caused the bone margins to become unclear and severely ossifying. (Figure 25).  

 

Figure 25 : H&E stain (x40) illustrated characteristic of the experimental osteosarcoma tumor. 

In addition, since osteosarcoma has a high degree of malignancy with limited differentiation, it 
metastasized to mouse lungs as shown in Figure 26 and Figure 27. Form Figure 26, the tumor cells 
presented as a large single nude besides the bronchiole and red blood cells were infiltrated into 
alveolar space. 
 

 

Figure 26: H&E stain (x20) of pulmonary metastasis at 8 weeks after primary tumor establishment. 
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Figure 27. H&E stain (x20) of lung nodules 8 weeks postinjection. Multiple round nodules show on the lower region 
of lungs. 
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CHAPTER 8 

CONCLUSION AND FUTURE STUDY 

My studies examined two important aspects of the development of therapeutic means for 

osteosarcoma. The first part suggested that blockage of microRNA-21 (miR-21) expression may 

play a role in restraining tumor development, as well as angiogenesis and metastasis, while 

lessening the extent of malignancy of cancer stem cells can adequately enhance the impact of 

chemotherapy. In our research, after miR-21 antisense oligonucleotides were transfected into low 

VEGF expression cells, it can effectively downregulate the expression of VEGF and CD133 in 

bone tumor cells, therefore, preventing the tumor from growing, invading and metastasizing, and 

decreasing the extent of low-differentiated cancer stem cells. Hence, it can enormously reinforce 

the efficiency of chemotherapy. In addition to that, the inhibitor against VEGF receptor is more 

likely to benefit the tumor cells with high VEGF expression by blocking the tumor cells growth, 

invasion and metastasis, thus this mechanism can promote chemotherapy sensitivity to kill the 

cancer. 

The other part of my investigation lays a foundation for the potential use of IL-21 transfection as 

an immune therapeutic means for osteosarcoma recurrence. Development of the nanofiber mesh 

with non-viral IL-21 vector encapsulation may be used not only as a wrapping material after 

surgical removal of primary bone tumors, but also as a gene delivery tool to fulfill therapeutic 

treatment for tumor recurrence. Compared with Lipofectamine 3000, this study suggests that 

Lipofectamine 2000 achieved better results with higher throughput for plasmid DNA transfection, 

which can be considered as an effective candidate reagent for our future immunotherapy study. 

Additionally, by comparing data from different recommended working volumes, we concluded the 
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most appropriate volume for optimizing high output of transfection.  

Future study in our lab will concentrate on innovating and creating a non-viral IL-21 transgene 

product which was incorporated on a nanofiber mesh by an electrospinning machine. More 

importantly, the mechanical gene-coding fiber will be examined for therapeutic value on an 

osteosarcoma animal model to further fulfil the immunotherapy for tumor recurrence. In addition, 

future study will investigate the expression efficiency of the transgene products in-vivo as well as 

the biocompatibility, flexibility and pliability of the cutting-edge material. 
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