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Human bone marrow–derived mesenchymal stem cell expressing cytosine 

deaminase/5-FC prodrug as cellular delivery vehicles for animal model of 

osteosarcoma cancer 

ABSTRACT 

Mesenchymal stem cells (MSCs) which possess an ideally tumor tropism and 

spontaneous anti-tumors factors are considered to be an attractive approaching in gene or drug 

delivery for cancer therapeutic strategies. In this study, we sought to investigate the ability and 

feasibility of human bone marrow derived MSCs expressing the cytosine deaminase (CD)/5-

Fluorocytosin (5-FC) prodrug as cellular vehicle to target human osteosarcoma cell line Cal-72. 

We successfully obtained MSCs derived from human bone marrow (hBM MSCs) those 

demonstrated the ability of differentiation into adipocyte/osteocyte and expressed typical 

mesenchymal markers CD90, CD44, while negative for CD34 and CD133 markers. We 

established the stable CD-expressing MSCs cell line (CD-MSCs) by transfection of pEGFP-C3 

containing cytosine deaminase::uracil phosphoribosyltransferase (CD::UPRT) gene into MSCs, 

and observed that the manipulated MSCs still remained full characteristics of multipotent cells 

and shown migration toward human osteosarcoma cancer cells Cal-72 as high as origin MSCs. 

Moreover, in the presence of 5-FC prodrug, the therapeutic CD/5-FC MSCs significantly 

augmented the cytotoxicity on cancer cell Cal72 by in either direct coculture or conditioned 

medium based on the bystander effect. In in vivo, the therapeutic CD/5-FC mediated the s.c 

tumor growth inhibition when i.p administered 5-FC. Our findings suggest that these therapeutic 

CD-MSCs may be suitable and viable cellular vehicles for targeting human osteosarcoma cancer. 

Key words: Mesenchymal stem cell, osteosarcoma, cytosine deaminase, cellular vehicle, 

bystander effect, tumor tropism. 
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골육종 암의 동물 모델에 대한 세포 운반체로서 cytosine deaminase/5-FC prodrug 를 발현하는 인간 

골수 유래 중간엽줄기세포 

초록 

종양세포를 따라 이동하는 성질과 자생의 항종양성 인자를 가지고 있는 중간엽줄기세포 

(MSCs)는 암 치료에 대한 유전자 또는 약물 전달 매체로서의 가능성이 매우 높은 매력적인 세포로 

간주되어 지고 있다. 본 연구에서, 우리는 인간 골육종 세포주 Cal-72 를 세포 운반체로서 cytosine 

deaminase (CD)/5-Fluorocytosin (5-FC) prodrug 를 발현하는 인간 골수 유래 중간엽줄기세포의 

능력과 가능성을 조사하고자 하였다. 우리는 인간 골수 유래 중간엽줄기세포를 성공적으로 

분리했으며 지방세포/골세포로의 분화능력이 있음을 증명하였다. 우리가 분리한 

중간엽줄기세포가 표면항원 CD34 와 CD133 항체에는 음성으로 나타난 반면에 CD90 과 CD44 인 

전형적인 중간엽줄기세포 항원 마커에는 반응함을 확인하였다. 우리는 cytosine deaminase::uracil 

phosphoribosyltransferase (CD::UPRT)를 포함하는 pEGFP-C3 유전자를 전이 시켜서 안정적인 cytosine 

deaminase 를 발현하는 MSCs 세포주 (CD-MSCs)를 확립할 수 있었다. 그리고 본 연구에서 확립된 

중간엽줄기세포는 여전히 다능성의 특성을 전부 유지하고 있었고, 이 세포를 이용하여 줄기세포의 

암세포로의 이동능력을 검사한 결과 인간 골육종 암세포 Cal-72 쪽으로 유전자 미전이 

중간엽줄기세포만큼 많은 이동율을 보임을 확인하였다. 또한 5-FC prodrug 과 동시에 처리한 

상태에서 암세포 Cal-72 에 미처리 줄기세포나 항암제 단독처리에 비하여 세포독성을 크게 

증가시켰다.  이러한 연구결과를 토대로, 실제 누드마우스를 이용한 종양억제 in vivo 실험에서 

복강 내 5-FC 를 주입했을 때 CD/5-FC 가 발현되는 중간엽줄기세포와 공동으로 골육종 종양의 

성장을 억제하고 있음을 확인하였다. 우리의 연구 결과는 이러한 치료 CD-MSCs 가 인간 골육종 

암을 대상으로 적합하고 실행 가능한 세포 운반체가 될 수 있다고 사료된다.  
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1. Introduction 

Osteosarcoma cancer is the most common primary malignancy which particularly in the 

metaphysical region of long bones, with in the medullary cavity and penetrates the cortex of the 

bone to involve the surrounding soft tissue (Vigorita VJ, 2008). With high incidence in 

adolescents and young adults than other age, the 5-years survival rate of osteosarcoma diagnosed 

patients were 60-70% and rate of cancer –related deaths in children account for 8.9% (Bielack 

SS  et al., 2002) (Longhi A, 2006). The current therapies such as either alone chemotherapy, 

radiotherapy or combination along with surgery for osteosarcoma have not been still completely 

abolished osteosarcoma cancer, even though tumor cells have metastasized they are most often 

spreads to the lungs or other site with in bones and brain (American Cancer Society, 2013). The 

osteosarcoma cancer stem cell (CSCs) population is proposed as fundamental barrier in the 

failure of current treatment (Valerie SA and Ling Q, 2010). Hence, a new approaching therapy 

for osteosarcoma is prerequisite and indispensable for public treatment.  

The concept of  stem cells or mesenchymal stem cells (MSCs) which possess the ability 

of self-renewal and develop into various cells in three-germ layer has been widely acknowledged 

as the milestone in human pathogen treatment including fields of  regenerative medicine, gene 

therapy, immunomodulatory/anti-inflammatory agent or anti-cancer (Corsten MF and Shah K, 

2008) (Teo AK and Vallier L, 2010) (Motaln H et al., 2010). MSC was successfully isolated 

from bone marrow by the characteristic of high plastic adherence and their ability to be passaged 

with trypsin to achieve a homogeneous population of fibroblastic cell from an initial 

mononuclear cell (Luria EA et al., 1971) (Kassem M, 2004). Recently, other source which is 

plenty of safety MSCs such as adipose tissue and umbilical cord blood also received 

considerable regard in stem cell therapy (Qiao L et al., 2008) (Seshareddy K et al., 2008) (Can A 

and Balci D, 2011). 

At the outset, the marvelous characteristic which leads to stem cell or mesenchymal stem 

cell emerged as a prominent candidate in anti-cancer treatment is potent pathotropic migratory 

properties in vitro and in vivo. A number of studies have shown that MSC migrate to site of 

injury, ischemia and tumor microenvironments, rendering them attractive for use as targeted 

delivery vector in tumor therapy (Porada CD and Almeida-Porada G, 2010) (Xu-Yong S et al., 

2011). The mechanism by which MSC migrate transversely endothelium and selectively navigate 

http://www.ncbi.nlm.nih.gov/pubmed?term=Corsten%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=18374291
http://www.ncbi.nlm.nih.gov/pubmed?term=Motaln%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20301117
http://www.ncbi.nlm.nih.gov/pubmed?term=Porada%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=20828588
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to the site of target tissues is concerned the interaction of  the different cytokine/receptor pairs in 

which the stromal cell derived factor SDF-1 and its receptor CXC chemokine receptor-4 

(CXCR4) are most valuable intercessor of stem cell recruitment to tumors (Imitola J et al., 2004) 

(Son BR et al., 2006). Likewise, in recent studies, the expose of MSC to conditioned medium 

(CM) of various tumor cell bring out the enhancement of MSC migration toward tumor cell 

(Ponte AL et al., 2007) (Ringe J et al., 2007). In addition, the native MSC have been known as 

an arsenal of anti-tumor factors such as pro-inflammatory cytokine, macrophage migration 

inhibitory factor and display immunosuppressive properties (Moll G et al., 2011) 

(Soleymaninejadian E et al., 2010). These factors released by MSC were clarified in the 

attribution of antitumor properties reducing the proliferation of glioma, melanoma, lung cancer, 

hepatoma, and breast cancer cells both in vitro and in different mouse models of cancer 

(Nakamura K et al., 2004). More interesting, MSC have been demonstrated to chase tumor track 

as metastases site of different tumor type and treat by released factors or product of anti-tumor 

gene. MSCs  are  also  easily  transduced  by  integrating  vectors  with  high  efficiency and  

durable gene expression without change of their native phenotype (Loebinger RM and Janes MS, 

2010). From all these findings, it’s not surprising that the combination of MSC and anticancer 

gene elicit a promise for establishment a new efficient and feasible cancer therapy. There are 

many previous studies demonstrated the ability of MSCs vehicle loaded with toxic genes 

including the tumor necrosis factor-related apoptosis-including ligand (TRAIL), the herpes 

simplex virus thymidine kinase (HSVtk)/ganciclovir system, interferon (IFN)-β and cytosine 

deaminase/5-flourocytosine (CD/5-FC) system to suppress tumor growth (Grisendi G et al., 2010) 

(Bak XY et al., 2011) (Xiaoyang L et al., 2011) (Kosaka H et al., 2012). 

The pro-drug/enzyme yeast cytosine deaminase (CD) that converts non-toxic cytosine 

and its analog, 5-fluorocytosine (5-FC), to toxic uracil and 5-fluorouracil (5-FU) is ideally choice 

for utilizing MSCs as “pharmacologic pumps”. At first, CD expressing MSCs will target and 

release enzyme on cancer cell by tropism tumor characteristic of MSCs, then the non-toxic 

prodrug 5FC is administered. The converted 5FU can highly diffuse out of CD expressing MSC 

into adjacent cells via gap-junction and high affinity with quickly dividing cell as tumor 

(Bhaumik S, 2011) (Altaner C, 2008). The CD expressing MSCs was eradicated the shortcoming 

or undesirable complication of 5FU agent which are short half-life, effect on normal cell by 

“side-effect” and limit delivery to some tumor type as osteosarcoma, glioblastoma. To increase 

http://www.ncbi.nlm.nih.gov/pubmed?term=Imitola%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loebinger%20MR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Janes%20SM%5Bauth%5D
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the efficiency of the CD/5-FC conversion, the original CD was fused with the gene encoding 

uracil phosphoribosyl transferase (UPRT) were acknowledge 100 times more sensitization  than 

the CD genes alone and provide stronger bystander effect in tumor cell killing in experiment 

animals (Kanai F et al., 1998) (Tiraby M et al., 1998). The tumor tropic, inhibition of cancer cell 

or tumor xenograft growth and prolong survival of tumor-bearing mice by which used cellular 

stem cell vehicle/5FC pro-drug therapy was reported in several of cancer cell lines as prostate 

cancer, colon cancer and glioblastoma from differenced research groups but not osteosarcoma 

(Cavarretta TI et al., 2010) (Yi BR et al., 2012). 

In view of these advantages, the ability of using human bone marrow derived MSCs as 

cellular vehicle deliver cytosine deaminase/5FC pro-drug (CD/5-FC MSCs) in the Cal-72 

osteosarcoma cancer therapy was investigated in vitro. Here, we showed that the bone human 

stem cell vehicle/5-FC pro-drug system display a cytotoxic effect to osteosarcoma Cal72 in both 

in vitro and in vivo. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavarretta%20IT%5Bauth%5D
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2. Literature review  

2.1. Overview of mesenchymal stem cell 

Mesenchymal stem cells, a group of adult stem cells, are traditionally isolated from bone 

marrow by the characteristic of high plastic adherence and their ability to be passaged with 

trypsin to achieve a homogeneous population of fibroblastic cell from an initial mononuclear cell; 

now MSCs have been shown to be present and can be isolated in other adults and fetal tissue 

such as amniotic fluid, skeletal muscle, heart, brain, adipose tissue, synovial tissue, pancreas, 

Wharton’s jelly, placenta, umbilical cord blood and circulating blood. Recently, other source 

which is plenty of safety MSCs such as adipose tissue and umbilical cord blood also received 

considerable regard in stem cell therapy. MSCs have a firoblastiod morphology, ability of self-

renewal, differentiation into several of cells type of many tissues such as mesenchymal lineages-

osteocytic, chondrocytic, and adipogenic and can be easy expanded in culture that lead to a great 

deal of interested in their use as therapeutic agents to treat a wide range of diseases (Luria EA et 

al., 1971) (Kassem M, 2004). 

Several markers have been proven useful for obtaining highly enriched MSC populations. 

Tri-labeling bone marrow cell with Stro-1, an antibody that reacts with non-hematopoietic bone 

marrow stromal precursor cell, anti-CD45 and anti-GlyA, and selecting the Stro-1+CD45-GlyA-

cells, it is possible to consistently obtain a homogeneous population that is highly enriched for 

MSC. In addition, antibodies such as SB-10, SH2, SH3 and SH4 and surface antigens such CD13, 

CD29, CD44, CD49e, CD63, CD73, CD90, CD166 have been used to attempt to isolate MSC.  

Human MSC do not express marker which have been used to isolate MSC to other stem cell 

population such as CD34, CD45, CD106, CD133, or c-kit (Mitchell JB et al., 2006). 

Base on their easy acquisition, fast expansion, and the feasibility of autologous 

transplantation, MSCs became the first candidate of stem cell to be applied in the clinical 

regenerative medicine. Following re-implantation, they have found to suppress the immune 

system. The native MSC have been shown to have anti-tumor effects both in vitro and in vivo, 

that is attributed to the factors, cytokine release by MSCs that have antitumor properties. Most 

interestingly, MSC dispaly potent pathotropic migratory properties that lead them attractive for 

use as target delivery vehicle in tumor therapy.  
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2.2. MSC MIGRATION 

A number of studies have verified MSC tropism toward primary and metastatic tumor 

locations after the first evidence of the trospim of MSCs to tumor was demonstrated by 

implantation of rat MSCs into rat bearing syngeneic gliomas. Tumor released a numerous of 

cytokines, chemokines and other implammatory mediators that are able of recruiting respondent 

cell types including MSCs. Tumor directed migration and incorporation of MSCs were 

evidenced in a number of pre-clinical studies in vitro using transwell migration assay and in vivo 

using animal tumor models. The homing capacity of MSCs has been demonstrated with almost 

all tested human cancer cell line, such as lung cancer (Loebinger MR et al., 2009), maligmant 

glioma (Sasportas LS et al., 2009) (Yang B et al., 2009), breast cancer (Kidd S et al., 2009) 

(Patel SA et al., 2010), colon carcinoma (Menon LG et al., 2007)), pancreatic cancer (Kidd S 

et al., 2010) (Zischek C et al., 2009), melanoma (Studeny M et al., 2002). 

The mechanism by which MSC migrate transversely endothelium and selectively 

navigate to the site of target tissues is concerned the interaction of  the different 

cytokine/receptor pairs such as SDF-1/CXCR4, SCF-c-Kit, HGF/c-Met, VEGF/VEGFR, 

PDGF/PDGFr, MCP-1/CCR2, and HMGB1/RAGE in which the stromal cell derived factor 

SDF-1 and its receptor CXC chemokine receptor-4 (CXCR4) are most valuable intercessor of 

stem cell recruitment to tumors (Imitola J et al., 2004) (Son BR et al., 2006). The either activity 

inhibition these of receptors or cytokines have been displayed to concern stem cell migration.  

In addition, the native MSC have been known as an arsenal of anti-tumor factors such as 

pro-inflammatory cytokine, macrophage migration inhibitory factor and display 

immunosuppressive properties (Moll G et al., 2011) (Soleymaninejadian E, 2010). The native 

MSCs have been shown to suppress tumor growth tumor growth in model of glioma, Kaposi’s 

sarcoma, maligmant melanoma, lung cancer, colon cancer. The mechanism underlying of 

antitumor properites of MSCs has not been fully investigated, it is presumably related to the 

down-regulation of Akt, NFkB and Wnt signaling pathways (Loebinger MR and Janes SM, 

2010). 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Imitola%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://www.ncbi.nlm.nih.gov/pubmed?term=Loebinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20388765
http://www.ncbi.nlm.nih.gov/pubmed?term=Janes%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20388765


6 
 

 

 

2.3. SUICIDE GENE CYTOSINE DEAMINASE THERAPY AND MESENCHYMAL 

STEM CELL AS VEHICLES 

The Cytosine Deaminase (CD) suicide gene therapy is a promise approach of gene-

directed enzyme prodrug therapy (GDEPT) to render cancer cells more sensitive to 

chemotherapeutics. CD suicide gene therapy is a two-step approach. In the first step, a CD 

suicide gene encoding an enzyme that able to convert a non-toxic 5-Flourocytosine (5-FC) 

prodrug to a cytotoxic drug 5-Flourouracil (5-FU) is delivered and expressed in tumor. In the 

second step, a 5-FC nontoxic prodrug is administrated systemically and converted by the CD 

enzyme to a toxic 5-FU drug leading to cell death by RNA and DNA synthesis inhibition.  

The advantages of CD suicide gene therapy are minimizing side effects of 5-FU and 

giving a bystander effect by transfer toxic signals from transfected cell to neighboring tumor 

cells. To increase the efficiency of the CD/5-FC conversion, the  original  CD  was  fused  with  

the  gene  encoding  uracil  phosphoribosyl  transferase  (UPRT) were acknowledge 100  times 

more sensitization  than the CD genes  alone and provide stronger bystander effect in tumor cell 

killing in experiment animals (Kanai F et al., 1998). 
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Figure 1. The mechanism of cytosine deaminase (CD) convert the 5-Fluorocytosine (5-FC) pro-

drug to 5-Flourouracil (5-FU) active toxic drug in intracellular. In cell, the 5-FC is converted into 

active 5-FU drug by CD. Next, the conversion of 5-FU to 5-FUMP based on endogenous 

enzymes lead to the DNA and RNA synthesis inhibition.  

 

 

Non-toxic prodrug                                                Toxic drug 
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Since of their tumor tropism, easily transduced by integrating vectors and offer long-term 

gene expression without alteration of phenotype, MSCs have been considered as marvelous 

therapeutic vehicles to deliver anticancer gene. The combination of cytosine deaminase gene 

engineered MSCs and systemic administration of 5-Flourocytosine was a pioneer example.  The 

CD enzyme is released in tumor burden by manipulated MSCs and converts the prodrug 5-

Flourocytosine into its toxic analog, therefore inhibiting RNA and DNA synthesis and leading to 

the death of cell. In addition, there is a bystander effect that leads to the death of surrounding 

cells. The tumor tropic, inhibition of cancer cell or tumor xenograft growth and prolong survival 

of tumor-bearing mice by which used cellular stem cell vehicle/5FC pro-drug therapy was 

reported in several of cancer cell lines as prostate cancer (Cavarretta TI et al., 2010) (Yi BR et 

al., 2012), liver cancer (Chai L-P et al., 2013), lung cancer (Christensen CL et al., 2010), breast 

cancer (Yi BR et al., 2012) and glioblastoma (Kosaka H et al., 2012) from differenced research 

groups .  

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavarretta%20IT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Yi%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed?term=Christensen%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
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Figure 2: Bystander effect of CD pro-drug cancer gene therapy by mesenchymal stem cell. 
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2.4. OSTEOSARCOMA 

Osteosarcoma is a relatively uncommon malignancy, with an overall incidence of 5 cases 

per million persons per year but is eighth most common among adolescent and childhood 

malignancies. Osteosarcoma accounts for 8.9% of cancer-related deaths in children and carries 

an overall 5-year survival rate of 60% - 70% (Ottaviani G and Jaffe N, 2009). Osteosarcoma 

arises most commonly in the medullary cavity of the metaphyseal region of long bones and 

penetrates the cortex of bone to spread the neighboring soft tissue. In tern of histological, 

osteosarcoma is characterized as a highly cellular tumor composed of pleomorphic spindle-

shaped cells capable of producing an osteoid matrix. However, incidence and survival rates do 

not accurately reflect the true burden of this disease bez/cause of the burden of patients in during 

of their lives. The disability adjusted life year (DALY) was put forward by the Word Health 

Organization (WHO) as a measure of global burden of disease. It is the number of years lost due 

to disability poor health, or premature death. For sarcoma, an average of 17 life years per patient 

is lost, compared to 6.5 for bowel, lung, and breast cancers. For this reason, the treatment of 

osteosarcoma is major public health problem (Broadhead ML et al., 2011) 
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3. Materials and Methods 

3.1. Reagents 

DMEM medium, fetal bovine serum FBS, antibiotic-antimycotic, Trypsin-EDTA 0.5% 

Gibco, DAPI, G418 geneticin®, T4 ligase, Superscript II first-strand cDNA synthesis kit and 

Oligo dT primer, anti-GFP were purchased from Invitrogene, US. The TritonX-100, Triton-114, 

epithelial growth factor, Dexamethasone, L.ascobic acid phosphate, IBMX, Indomethacine, beta-

glycerophosphate, bovine insulin, bovine serum albumin (BSA), Oil red staining, Azilazin red S, 

Sodium Deoxycholate, Sodium chloride, PMSF, polyvinyldene difluoride membranes PVDF,  

5FU drug, 5FC pro-drug, DMSO, polystyrene cylinder, Kanamycine were purchased from Sigma 

Chemical Co. (St. Louis, MO). The anti-human CD90 (Thy-1), anti-human CD44var (V7-V8), 

anti-human CD34, PE-antihuman CD133 antibody, secondary antibody conjugated PE or FICT 

all purchase from eBioscience, US.  Antibody beta-actin C4 was purchased from Santaz Crus, 

California. The anti-Cytosine deaminase was purchased from Abcam. Ex-Taq
TM

 DNA 

polymerase, HindIII and BamHI restriction enzymes were purchased from Takara, Japan. Anti-

human CD133 MicroBead kit was purchased from Miltenyi Biotec. The pSELECT-zeo-Fcy::fur 

was purchased from Invivogene (US). The pEGFP-C3 vector was purchased from Clontech, US. 

Gel Purification Kit was purchased from Bioneer Co. Korea. The easyBlue was purchased from 

Introbiotech, Korea. The EZ-CyTox enhanced cell viability assay kit was purchased from Daeil 

Lab Service Co. Korea. The Maxi-prep plasmid extraction kit was purchased from Quiagene. 

Protein Inhibitor Cocktails was purchased from Fermentas, Germany. The chemiluminescence 

detection kit, Pierce® BCA Protein Assay Kit were purchased from Thermo scientific, US. The 

BD Matrigel
TM

 Matrix Basement Membrane was purchased from BD Science, France.  

3.2. Cell culture 

The hBM derived MSCs were isolated from donated adult human bone marrow (Jeju, 

Korea) and separated by gradient Ficoll-Paque (GE Healthcare Life Science, UK) centrifugation. 

The potential human bone marrow derived MSCs was cultured in DMEM supplied 10% FBS, 1% 

antibiotic-antimycotic and epithelial growth factor. 

Human osteosarcoma Cal72 cell line was purchased from Korean Cell Bank. The 

population of CD133 expressing (CD133
+/+

) Cal72 was isolated by anti-human CD133 
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MicroBead and Masc separator as protocol instruction. These cell lines were routinely cultured 

in DMEM medium supplemented with 10% Fetal Bovine Serum, 1% antibiotic-antimycotic at 

humidified 37 
o
C and 5% CO2 atmosphere. 

3.3. Immunofluorescence staining 

The hBM MSCs were confirmed by immunofluorescence staining to analysis the surface 

specific marker consistent with adult hBM MSCs in which anti-human CD90 (Thy-1), anti-

human CD44var (V7-V8), anti-human CD34, PE-antihuman CD133 antibody were used, 

respectively. In briefly, at the 4
th

 passage, 4 x 10
4
 hBM MSCs was seeded in 24 well- plate. After 

24 hours, fixation was performed by ice cold methanol: acetone (1:1) at 4 
o
C for 30 minutes and 

permeable membrane was occurred by 0.4% TritonX-100. After endogenous peroxidase H2O2 

and goat serum blockage, primary antibodies was applied with recommended dilution from 

company in PBS contained 1% BSA overnight at 4 
o
C in dark humidity area. Next day, goat anti-

mouse secondary antibody conjugated PE or FICT was added and incubated for 1 hour in dark at 

room temperature. Cell was observed under the fluorescence microscope with adaptable filter 

consistent with FICT or PE, followed by counter DAPI staining and PBS washing.  

3.4. Adipogenesis and Osteogenesis differentiation  

The differentiation ability of potential hBM derived MSCs was accessed through 

adipocytes and osteocytes differentiation experiment in in vitro. After 24 hours seeding, 

6x10
4
cell/6 mm dish were cultured in  adipogenesis conditioned DMEM medium supplemented 

10% FBS, 1% anti-anti, 1 μM Dexamethasone, 50 μg/ml L.ascobic acid phosphate, 500 μM, 100 

μM Indomethacine, 20 μg/ml bovine insulin and osteogenesis conditioned DMEM medium 

supplemented 10% FBS, 1% antibiotic-antimycotic , 1 μM Dexamethasone, 50 μg/ml L.ascorbic 

acid phosphate, 10 mM beta-glycerophosphate, respectively. The medium was changed every 3 

days. The lipid droplets after 14 days adipogenesis induction was tested with Oil red staining. Oil 

red solution stock (0.5% in isopropanol) was through filtered two layers Whatman paper. The 

working Oil red solution is the dilution of this oil red stock with distilled water at ratio 3 Oil red: 

2 distilled water. The cell were fixed with 10% formalin for 30 minutes at room temperature and 

rinsed by 60% isopropanol before incubating with Oil red solution for 1 hour. In separation, the 

Azilazin red was used to labeling the calcium phosphate mineral deposition for 21 days 
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osteogenesis induction. The Azilazin red S solution 2% (pH 4.2) was added and incubated at 

room temperature for 10-15 minutes, followed by fixation with 10% formalin and washing with 

distilled water. The experiment was repeated three times independently.  

3.5. Plasmid construction 

The gene CD-UPRT was amplified by using Ex-Taq
TM

 DNA polymerase based on 

pSELECT-zeo-Fcy::fur template. The primer pair was designated including HindIII and BamHI 

sequence in forward strand: 5’GCA AGCTT GTC ATG GTC ACA GGA GGC ATG GCT 3’ and 

reverse strand 5’GA GGATCC TTA GAC ACA GTA GTA TCT GTC CCC 3’, respectively. In 

addition, Kozad sequence ATTNATG was designated in forward strand to enhance the gene CD-

UPRT expression. Thermal cycling parameters was 95
o
C - 5 minutes, 95

o
C - 15sec, 64

o
C - 30s, 

72
o
C for 1 min 20 sec, repeat 35 time cycles, and 72

o
C in 10 minutes for final cycle extention 

(Eppendorf, Germany). The PCR products were separated on 1% agarose gel and extracted by 

Gel Purification Kit. The expression pEGFP-C3 vector and CD-UPRT fragment prepared from 

the excision with HindIII and BamHI restriction enzymes and gel purification was ligated by T4 

ligase follow the manufacturer’s instruction. The each 5μl of ligated products were transformed 

into chemically competent E.coli DH5α cells. Kanamycine (50 mg) was used as bacteria 

selection marker. The recombinant pEGFP-CD-UPRT vector was confirmed by double digestion 

BamHI and HindIII restriction enzyme reaction and finally sequence analysis by Solgent Co. 

Korea. 
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Figure 3: Vector construction of pEGFP-CD-UPRT 
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3.6. Transfection of pEGFP-CD-UPRT 

The 5μg of circle form abundance pEGFP-CD-UPRT constructs which were extracted 

larger-scale by Maxi-prep plasmid extraction kit, removed endotoxin by Triton-114 was 

electroporated into 2 x 10
6 

cell of hBM MSC with the setting of high efficient program of Amaxa 

machine (Amaxa® Nucleofector, Lonza), respectively. Stable GFP expressing colonies were 

selected with G418 geneticin® for 2 weeks. The stable GFP-expressing cell colonies were 

observer under the fluorescence microscope and picked up by using polystyrene cylinder. The 

CD-UPRT expression was examined further by RT-PCR and Western blot. These stable cell 

lines were maintained in G418 geneticin® until the end of the experiment. The GFP expressing 

cell lines without CD-UPRT gene was used as mock control in all experiment. 

3.7. Reverse transcription polymerase chain reaction (RT-PCR) 

The cells were detached by Trypsin-EDTA 0.5% and total RNA was extracted by 

easyBlue. About 1μg of purified RNA which were defined concentration and A260/280 ratio by 

Photometer (Biorad, US) was objected of first strand cDNA synthesis using Superscript II first-

strand cDNA synthesis kit and Oligo dT primer. The cDNA were targeted in semi-realtime-PCR 

detecting the expression of several pro-apoptotic gene/ anti-apoptotic gene using the specific 

primers (Table 1). The PCR products were separated on 1% agarose gel- Ethidium Bromide 0.5 

mg and visualized under UV light.  
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Table 1. Sequence of primers and size of amplified segments 

Gene 

name 

Sequence of primer Size 

P53 Forward: 5’- GCGCACAGAGGAAGAGAATC-3’ 200 bp 

 Reverse: 5’- CAAGGCCTCATTCAGCTCTC-3’  

Noxa Forward: 5’-TCCGGCAGAAACTTCTGAAT-3’ 200 bp 

 Reverse: 5’- TTCCATCTTCCGTTTCCAAG-3’  

Bcl-2 Forward: 5’- GGATGCCTTTGTGGAACTGT-3’ 210 bp 

 Reverse: 5’- AGCCTGCAGCTTTGTTTCAT-3’  

Bad Forward: 5’-CGAGTGAGCAGGAAGACTCC-3’ 210 bp 

 Reverse: 5’- GGTAGGAGCTGTGGCGACT-3’  

Casp3 Forward: 5’-TTCAGAGGGGATCGTTGTAGAAGTC-3’ 260 bp 

 Reserve: 5’- AAGCTTGTCGGCATACTGTTTCAG-3’  

Oct-4 Forward: 5’-GACAGGGGGAGGGGAGGAGCTACG-3’ 250 bp 

 Reverse: 5’-CTTCCCTCCAACCAGTTGCCCCAAAC-3’  

CD Forward: 5’-GCAAGCTTGTCATGGTCACAGGAGGCATGGCT-3’ 1132 bp 

 Reverse: 5’-GAGGATCCTTAGACACAGTAGTATCTGTCCCC-3’  

Gapdh Forward: 5’-AGAAGGCTGGGCTCATTTG-3’ 200 bp 

 Reverse: 5’-AGGGGCCATCCACAGTCTTC-3’  
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3.8. Western blot 

Total proteins were released on ice-cold by RIPA buffer (Sodium Deoxycholate 0.5%, 

SDS 0.1 %, Sodium chloride 150mM, TritonX-100 1%, Tris pH8 50mM). PMSF and ready to 

use Protein Inhibitor Cocktails were used to protect from proteolysis, protein 

dephosphorylationand denaturation.  Protein concentrations were defined using Pierce® BCA 

Protein Assay Kit following the manufacturer’s instruction. Equal 30μg of protein were 

separated on 15% polyacrylamide gel and transfered to polyvinyldene difluoride membranes 

PVDF in the Biorad western blot system. After blocking in 5% skin-milk in TBST buffer for 2 

hours at room temperature, the membrane was incubated with these primary antibodies beta-

actin C4 (diluted 1: 1000), anti-GFP (diluted 1:500) and anti-Cytosine deaminase (diluted 1:150) 

at 4
o
C overnight. The membrane were washed thrice for 5 minutes with TBST to remove 

residual primary antibody and incubated in TBST containing horse peroxidase-conjugated 

secondary antibody at suggestion dilution for 2 hours at room temperature. The interested 

proteins were detected by an enhanced chemiluminescence detection kit following 

manufacturer’s instructions using LAS400 machine (Fujifilm, Japan).  

3.9. Cytotoxicity assay 

Total 100μl of suspended cell at density 5000 cells/ml were seeded in well of 96-well 

plate (Nunc
TM

, US). After 24 hours recovery at 37
o
C humidity 5% CO2 atmosphere, 5FU drug or 

5FC pro-drug dissolved in DMSO were treated with desired concentrations and incubated for 24 

hours. EZ-CyTox enhanced cell viability assay kit was used to measure the viable cells. The 

assay is based on the cleavage of the tetrazolium salt to water-soluble formazan by succinate-

tetrazolium reductase system which belong the respiratory chain of the mitochondria and active 

only in the viable cells. Therefore, the amount of  the  formazan  dye  is  directly  proportional  to  

the  number  of  living  cells. Exactly 10μl of EZ-CyTox solution was added to each well and 

incubated for 4 hours at 37
o
C and 5% CO2 atmosphere. The light absorbance was determined at 

450 nm by the Model 680 microplate-reader (Bio-Rad, USA).  

In co-culture bystander assay, the fixed Cal72 cells were mixed directly with CD/5-FC 

MSCs at desired ratios 1:1, 2:1, 4:1 and 10:1. After 5 days incubation in the presence of 
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considered concentration 5-FC, the killing effect of CD/5-FC MSCs to Cal72 were measured by 

EZ-Cytox enhanced cell viability assay kit as above described.  

In conditioned medium (CM) bystander effect assay, the CM was obtained from culture 

medium of the CD/5-FC MSCs which were exposed with various concentration of 5FC for 48 

hours. This CM was objected to treat on the Cal72 osteosarcoma cells and incubate until for 

MTS assay. 

3.10. Cell migration assay 

The CD/5-FC MSCs was starved in FBS free DMEM containing 0.1%BSA overnight. 

The HTS transwell 96 upper- 8μm pore chamber (Corning, US) was treated with 50μl of the 

diluted Matrigel 3.5mg/ml using pre-cooled pipettes and incubate for gelling at 37oC for 2 hours. 

The therapeutic CD/5-FC MSCs were harvested by Trypsin/EDTA washed 3 times with fresh 

medium and suspended in fresh medium at density of 10
6
cells/ml. The 50.000 of cell suspension 

was plated into upper chamber, followed by gently washed gelled Matrigel with warmed serum –

free culture medium. The lower chamber was added of 150μl growth medium either from Cal72 

cells culture, 10% FBS medium or blank medium. After incubating 48 hours, the upper chamber 

was removed and stained with DAPI. The invaded cell on the membrane was visualized and 

counted under the microscope, follow by scraped off non-invaded cell on top of upper chamber 

with cotton swab. Each mean value of experiment was counted in 5 different wells. The 

experiment was repeated 2 times with the same results, the values were performed by mean ± SD. 

3.11. Animal experiment 

The experiment was performed using nude female mice (6-8 weeks old) purchased from Japan. 

All animal experiment was used with approved protocol in accordance of Institutional Animal 

Care and Use Committee. In control group, total 4x10
6
 of Cal72 in Matrigel was injected s.c into 

lower flank alone to induce xenograft tumor. In co-injection group, the mixture of 4x10
6
 Cal72 

plus 50% CD/5-FC MSCs in 150 µl Matrigel was injected s.c into lower flank of mice. After 2 

days injection, the 5-FC pro-drug diluted in PBS (500mg/kg/day) was administrated i.p total 4 

times of 2 consecutive days as indicated. The tumor diameter are measured with calipers and the 

tumor volume in mm
3
 is calculated by the formula volume= (width)

2  
x length/ 2.  
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3.12. Statistical Analysis 

The mean and SD were calculated for each experimental group. Differences between 

groups were analyzed by one or two way ANOVA, followed by Fisher’s protected least-

significant difference. Significant differences among groups were calculated at P < 0.05. 
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4. Results  

4.1. Isolation and  in vitro characteristics of hBM MSCs 

Base on the characteristic of plastic adherence and the ability to be passaged, the 

fibroblast-like cells isolated and expanded from bone marrow cells display homogeneous 

fibroblast-like phenotype after 2 or 3 passages (Figure 4). The characterization by 

immunofluorescence staining revealed that these cells were positive for human bone marrow 

stromal cell CD90 (Thy-1), CD44var (V7-V8) maker, while negative for hematopoietic specific 

marker CD34, CD133 marker (Figure 5). The differentiation of hBM MSCs into osteogenic and 

adipogenic lineages were performed successfully by Oil red staining and Alizarin red staining 

(Figure 6).  
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Figure 4: The population of homogeneous fibroblast-like cells was isolated from human bone 

marrow after passages 
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Figure 5: The specificity surface marker of human bone marrow derived - mesenchymal 

stem cells (hBM MSCs) were investigated via immunofluorescence staining. The hBM 

MSCs were fixed by ice cold methanol: acetone and permeablized by 0.4% Triton-X100. After 

10% goat serum blocking, hBM-MSCs were incubated with primary antibody CD44 marker (A), 

CD90 marker (B), CD34 marker (C) and CD133 marker (D). Secondary antibody conjugated 

FICT or PE were applied to observe under fluorescent microscope. The nucleus was stained by 

DAPI (Invitrogen). 
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Figure 6: Adipogenesis and osteogenesis differentiation of the hBM MSCs were cultured in 

conditioned medium. In adipocytes induction for 14 day, the red droplets were appeared in 

cytoplasm after 10% formalin fixing and Oil red staining (A). In separation, after 21 days of 

osteogenesis induction, hBM MSCs was objected to Alizarin S staining. The calcium deposit was 

displayed in red-orange color (B). 
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4.2. The stem cell properties of CD/5-FC are not affected by transgene expression  

After 14 days selection with high concentration of G418, the human bone marrow 

derived mesenchymal stem cells which expressing cytosine deaminase transgene and green 

fluorescent protein reporter-gene (CD/5-FC MSCs) was establish stable by several passages (Fig 

7A). The expression of CD was confirmed at mRNA and protein level by RT-PCR and Western 

Blot, respectively (Fig 7B). At fisrt, we found no change in the expression of pluripotent 

embryonic transcription factor Oct-4 in CD/5-FC MSCs. Both control MSCs and CD/5-FC 

MSCs express Oct-4 indicated the undifferentiated state and high proliferative capacity 

preservation. To ensure that the characteristic of stem cell was not change or disappear, 

immunophenotype and differentiation assay was performed again, followed by transgene. The 

results showed that the CD/5-FC MSCs were positive with potential marker CD90, CD44 similar 

to the native MSCs (Fig 8). The CD/5-FC MSCs also displayed competence of differentiation 

into adipocyte and osteocyte (Fig 9). In briefly, these results show that the CD/5-FC MSCs 

maintained essential stem cell properties in order to use in medical therapies.  
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Figure 7: CD/5-FC MSCs was stable expressed in passaging cell. Colony of CD/5-FC MSCs 

was observed GFP expression under fluorescence microscope after 72 hours transfection, 14 

days selection and maintain in  G418 and  part 4 (A). The expression of CD was confirmed by 

RT-PCR and Western Blot using specific primer which amplify full length of CD and anti-

cytosine deaminase (Abcam); The expression of Oct-4 was detected in both CD/5-FC MSCs and 

native MSCs (B); hBM MSCs and empty vector transfected hBM MSCs (eGFP MSCs) was used 

as control and mock control. 
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Figure 8: CD/5-FC MSCs have still maintained stem cell specific marker CD90 and CD40 

after transgene. Double immunochemical staining of CD/5-FC MSCs with anti CD90/CD44 

marker and anti GFP showed that after gene transfection the CD/5-FC MSCs have still 

maintained stem cell characteristic. 
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Figure 9: Adipogenesis and osteogenesis differentiation of the CD/5-FC MSCs were 

cultured in conditioned medium.  In adipocytes induction for 14 days, the red droplets were 

appeared in cytoplasm after 10% formalin fixing and Oil red staining (A). In separation, after 21 

days of osteogenesis induction, CD/5-FC MSCs was objected to Alizarin S staining. The calcium 

deposit was displayed in red-orange color (B). 
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4.3. Cytotoxicity of 5-FU to osteosarcoma Cal72 cells 

The feasibility of utilization CD expressing MSCs as pro-drug vehicle was tested by the 

toxicity of increasing dose 5-FU toward Cal-72 osteosarcoma. To entirely evaluated, the toxicity 

effect of 5-FU was performed on 3 different cell types of osteosarcoma which was separated and 

isolated base on the expression of CD133 marker. The CD133 maker was known as specific 

marker for stem cell osteosarcoma cancer. The CD133 negative Cal72 osteosarcoma (CD133
-/-

Cal72), CD133 positive Cal72 osteosarcoma (CD133
+/+

Cal72) and original Cal72 osteosarcoma 

were measured cell viability after 24 hours and 48 hours 5-FU exposure by MTS assay, 

respectively (Figure 10A, 10B). The results show that, the 5-FU drug caused high toxicity to the 

Cal72 osteosarcoma and the sensitive of Cal72 osteosarcoma to the 5-FU toxicity was differed 

depend on the surface marker CD133 expression of cell types. In detail, based on the 5-FU dose 

that decrease cell viability by 50% (IC50) (normalize to untreated cell), the CD133
-/-

Cal72 was 

most sensitive with 5-FU with IC50 = 0.06 mM. The CD133
+/+

 Cal72 and parental Cal72 were 

IC50 = 0.82 mM and IC50 = 0.24 mM, respectively. The involvement of apoptosis related gene 

was examined after 24 hours 5-FU exposure by RT-PCR. The down-expression of anti- apoptotic 

gene Bcl-2 was showed in both CD133
-/-

Cal72 and parental Cal72. The others pro-apoptotic 

genes Casp-3, Bad, Noxa were up-regulated (Figure 10C). Taken together, these results 

demonstrate that the Cal-72 osteosarcoma display the high the sensitive with the 5-FC toxicity 

and the down-regulation of anti- apoptosis Bcl-2 gene seem to possible explanation for this 

sensitive 
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Figure 10: Cell viability of CD133
-/-

Cal72, CD133
+/+

Cal72 and Cal72 after 5FU exposure 

and detection of apoptosis related gene pathway of osteosarcoma cancer Cal72 cells under 

the 5-FU damage. Cell viability of CD133
-/-

Cal72, CD133
+/+

Cal72 and Cal72 was also 

determined by MTS assay after 24, 48 hours treated 5FU, respectively (A), (B). Detection of 

apoptosis related gene pathway of osteosarcoma cancer Cal72 cells after 24h 5FU treatment. The 

pro-apoptosis casp-3, p53 gene and Bcl-2 family regulator of apoptosis process was investigated 

under of mRNA expression level (C).The mean values were calculated from 3 different wells of 

each experiments of 3 times repeat. 

A) B) 

C) 
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4.4. CD/5-FC tropism to Cal72 cells in vitro  

In hypothesis, one of the advantages of enzyme converting stem cell was the tropism to 

tumor.  To verify whether CD/5FC MSCs display high affinity to tumor, the in vitro migration 

assay was performed with 96-transwell cell migration system and DAPI staining. Either the 

number of invaded CD/5-FC MSCs (in upper chamber) across BD Matrigel to target Cal-72 

osteosarcoma cell line (in lower chamber) were calculated. Our results showed that, compared 

with migration to FBS-free DMEM (blank) and 10% FBS DMEM, the number of directionally 

migrated CD/5-FC MSCs toward conditioned Cal72 medium was higher significantly than. After 

48 hours incubation, total 90.5 ± 13.3 migrated cells per field of view was counted in the 

conditioned Cal72 medium group compared with positive control 10% FBS (25 ± 5.68 cells) and 

blank control (3 ± 2.4 cells) (Figure 11). From these results, these MSCs were clearly 

demonstrated ability to maintain their tropism toward Cal72 osteosarcoma cell after manipulated 

transgene. 
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Figure 11: Migration of CD-eGFP-MSCs to Cal72 osteosarcoma cell lines in in vitro. (A) 

The representative fields of view from bottom of upper chamber showing invaded cells through 

Matrigel after DAPI staining and observed with a fluorescence microscope. (B) Calculating of 

number of migrated cell per field of view, 5 fields of per insert were consider, the mean value 

and SD was calculated from 5 different wells of transwell plate.  
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4.5. In vitro bystander effect of CD/5-FC MSCs toward Cal72 cells  

The CD/5-FC MSCs system was notable in strong bystander effect, ability of actived 

drug diffusible from therapeutic cell to target neighbor cancer cell, that result in inhibition of 

DNA replication in these cell and death. At first, to simple verify whether our CD/5-FC MSCs 

system could be convert 5-FC to 5-FC and lead to cytotoxicity or not, we observed the nucleus 

morphology under the damage of various concentrations of 5-FC. The hBM MSCs and CD/5-FC 

MSCs without 5FC pro-drug treatment show homogeneous in shape and clear membrane- bound 

of nucleus. Otherwise, in the 5-FC presence, the nucleuses of CD/5-FC MSCs almost undergo 

apoptosis fragmentation because of the conversion of increased 5FC concentration into 5FU. The 

shrunken and pyknotic or karyorrheric nucleus was observed (Figure 12). 
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Figure 12: DAPI stained microscopy images of CDy hBM MSC nucleus under the 5FC 

exposure. The hBM MSCs and CD/5-FC MSCs without 5FC pro-drug treatment show 

homogeneous in shape and clear membrane- bound of nucleus (Fig 12A, 12B). Nuclei undergo 

fragmentation during apoptosis because of the conversion of increased 5FC concentration into 

5FU in CD/5-FC MSCs. The shrunken and pyknotic or karyorrheric nucleus was observed 

(Figure 12C, 12D, 12E, 12F) 
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To test the bystander effect, we investigate the cytotoxicity effect mediated by mixing 

Cal72 osteosarcoma cell with CD/5-FC MSCs at various ratios in the presence of pro-drug 5FC 

(1.2 mM). After 5 days incubation, the tumor-killing effect was acknowledged when the cell-

mixing ratio between Cal7 and CD/5-FC MSCs was altered from 10-1, 4-1. In ratio of 2-1 and 1-

1, the CD/5-FC MSCs were able to reduce the cell viability by 60% (Figure 13A).The mixing 

Cal72 osteosarcoma with control MSCs and eGFP MSCs showed non-cytotoxicity compared to 

cell viability in the presence of therapeutic CD/5FC MSCs at equivalent ratios, regardless the 

present of 5-FC. The 5-FC is nontoxic at high concentration 1.2mM and did not affect on Cal72, 

control MSCs and eGFP MSCs. This is consistent with the inability of the hBM MSCs to convert 

the pro-drug. To test the dose-dependent cytotoxic effects of 5-FC, each of the mixing cell ratio 

was fixed and treat with 5FC with concentration ranging from 0 to 1.6 mM (Figure 13B, C, D, E). 

The 5FC started to induce toxicity effect at the concentration of 0.4 mM in ratio of 10-1 cells and 

gave rise to an increased killing effect at ratios of 4-1, 2-1, 1-1 cells which contained high of 

CD/5-FC MSCs cell number.  The killing effect increased at higher concentration of 5FC, 

particularly in ratio of 1-1 and 1-2 cells. There was no obvious cytotoxicity to control MSC and 

eGFP MSCs at all 5FC concentration employed.  
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Figure 13: The bystander effect of CD/5-FC MSCs when direct co-cultures Cal72 

osteosarcoma. The Cal72 cells were mixed with the indicated ratio of either CD/5-FC MSCs or 

control MSCs/ eGFP-MSCs in the presence of 1.2 mM 5-FC (A) .The dose dependent killing 

effect were accessed at each of cell mixing ratios 1-1 (B), 2-1 (C), 4-1 (D) and 10-1 (E) with 

indicated concentration of FC. Cell viability was measured by MTS assay, followed by 

incubation for 5 days. 

A) 

B) C) 

D) E) 
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We also confirmed the bystander effect by using conditioned medium which was taken 

from the 5FC treated CD/5-FC MSCs cells as described methods; the 5-FC dose dependent was 

performed with similar concentration ranging. The result of bystander effects was performed by 

MTT assay at 1 day and 3 day incubation (Figure 14A). Interestingly, the high killing effect was 

acknowledged even at concentration as low as 0.4 mM of 5FC. In our previous study, we 

demonstrated that human Cal-72 osteosarcoma is responsive to Saururus chinensis, a perennial 

herb commonly called Chinese lizard’s tail or Sam-baek-cho in Korea. This phytochemical has 

been traditionally used for the treatment of edema and inflammatory diseases in the Oriental folk 

medicine. Many studies were reported that these Saururus chinesis extracts acted as a potent 

inducer of apoptosis and significant growth inhibitory effect in PC-3 prostate cancer cells. Hence, 

we next sought to exam the effect of combination CD/5-FC MSCs system with Saururus 

chinensis phytochemical on viability and survival of osteosarcoma. The each of 5-FC CM was 

added SC to reach 100μM in theses combined mediums. After 12, 24, 48 hours of treatment, cell 

viability of osteosarcoma Cal-72 was dramatically decreased in the group treat with combined 

CD/5-FC MSCs and SC compare to either only CD/5-FC CM or SC (Figure 14C). Moreover, the 

combined effect of 5-FC CM and SC caused the equal death of Cal-72 osteosarcoma in the 

increasing concentration of 5-FC (400 μM – 2000 μM) at 12h, 24h and 48h. It could be said that 

the combination of 5-FC CM and SC improved a strong toxicity to osteosarcoma and seemed to 

not belong to a dose-dependent manner of 5-FC. Importantly, SC had no inhibitory effect on 

human mesenchymal stromal/stem cells (hMSCs) (Fig 14B). 
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Figure 14: The bystander effect of conditioned medium isolated from CD/5-FC MSCs in 

dose dependent of 5-FC. The Cal72 osteosarcoma was seeded at 5000 cell/ well and treated 

with conditioned medium after 24 hours, the cell viability was tested by MTS assay, followed by 

incubation at  day 1 and day 3 (A). The Saururus chinesis phytochemical display toxic with 

Cal72 but hMSCs (B). The combined effect of conditioned medium from CD/5-FC MSCs and 

Saururus chinensis phytochemical to Cal72 (C). The mean valuae ±SD were calculated from 3 

wells or 5 wells, the experiment was repeated 3 times independently.  

A) 

B) 

C) 
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4.6. The therapeutic CD/5-FC MSCs inhibited tumor growth in vivo 

Total 14 mice was induced subcutaneous tumor. The ratio of tumor formation was 78.6%. 

Total 5 animals were injected with Cal72 (control group) and 5 animals was co-injected with 

mixture of Cal72 plus 50% CD/5-FC MSCs, respectively. After 6 days cell injection, the average 

diameter of tumor in control group was 118.43 ± 23 mm
3
, while in co-injection group was 

significant decreased 69.7 ± 21 mm
3
. All animals injected with Cal72 alone developed tumors at 

the end of experiment regardless of 5-FC administration. Importantly, the tumor in the co-

injection group was regressed after 17 days and if present, tumor was smaller or inconsiderable 

(Figure 15). The body weight of all animal was from 18-21 gram during experiment. Two died 

animals were excluded from experiment. 
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Figure 15: The therapeutic CD/5-FC MSCs displayed the tumor regression when co-

injection with Cal72. The Cal72 (4x10
6
) was injected s.c into lower flank alone to induce 

xenograft tumor (n = 5). In co-injection group, the mixture of Cal72 (4x10
6
) plus 50% CD/5-FC 

MSCs was injected s.c into lower flank of mice  (n = 5). After 2 days injection, the 5-FC pro-

drug (500mg/kg/day) was administrated i.p total 8 times as indicated by arrow. The tumor 

diameter is measured with calipers. The tumor volume in mm
3
 is calculated by the formula 

volume = (width)
2  

x length/ 2 (A). The tumor burden of control group (left side) and co-injection 

group (right side) (B). 
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5. Discussion 

In this study, we investigated the ability and feasibility of human bone marrow derived 

mesenchymal stem cell expressing the suicide gene cytosine deaminase/5-FC pro-drug as 

cellular vehicle to target and inhibits the growth of osteosarcoma cancer cell. Osteosarcoma is 

the most common malignancy in bone which predominately incidence and death rate in young 

people (Vigorita VJ, 2008) (Bielack SS et al., 2002). Many current efforts to cure this cancer as 

chemotherapy, surgery or radiotherapy have still could not totally deleted the latent tumor, 

damaged normal cell and that lead to metastatic into lung or brain, even though some case of 

patient must be undergo the morbidity and postponed therapeutics because of critical side effect. 

Rely on the tumor homeostasis characteristic of stem cell and gap junction intercellular 

communications in cells, we present the system of cytosine deaminase enzyme/5-FC prodrug 

gene targeting of mesenchymal stem cells to destroy those hurdles. In this strategy, the stem cell 

expressing cytosine deanminse enzyme will release the converted toxic 5-FU drug from the 

prodru g nontoxic 5-FC and delivery this biological active drug to track and infiltrate into tumor. 

The converted 5-FU drug by cytosine deaminase enzyme was reported to give a high cytotoxic 

and strong bystander effect, ability to diffuse across cell membrane and inhibit neighbor cell. 

Moreover, we used the CD::UPRT fusion gene were demonstrated to improve the 5-FC 

conversion efficient. The original CD was fused with the gene encoding uracil phosphoribosyl 

transferase (UPRT) were acknowledge 10.000  times more sensitization  than the CD genes 

alone and provide stronger bystander effect (Kanai F et al., 1998)( Tiraby M et al., 1998) 

(Gopinath P and Ghosh SS, 2008). Once in cellular, 5-FU active drug inhibit DNA and RNA 

synthesis in both proliferating and non-prolifering cell (Khatri A et al., 2006). As expected, the 

MTS result showed that the osteosarcoma Cal72 are sensitive to the cytotoxic 5-FU. The 

expression of several apoptosis related genes in Cal72 osteosarcoma cell under 24 hours damage 

of 5-FU revealed that significantly decrease in the expression of anti-apoptosis Bcl-2 gene 

besides increase in another pro-apoptosis gene as Casp3, Bad, Noxa. In previously report, CD-

BHK21 (baby hamster kidney) also showed the down-regulation of Bcl-2 was successful 

obtained and cultured with pure homogeneous population and full “stem” and up-regulation of 

Casp3 after 24 hours 5FC treatment (Gopinath P and Ghosh SS, 2009). In this study, the 

mesenchymal stem cell from human bone marrow (hBM MSCs) characteristics. The 

fluorescence immunochemical result showed that our hBM MSCs were positive with specific 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gopinath%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18594769
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=18594769
http://www.ncbi.nlm.nih.gov/pubmed?term=Gopinath%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19082916
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=19082916
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marker for CD90, CD44 which have been used to attempt to isolate MSC and negative with 

heamatopoietic stem cell marker CD-34 and CD-133. This result was consistent with previous 

dependable report in (Bruder SP et al., 1998) (Haynesworth et al., 1992) (Mitchell JB et al., 

2006). The stable cell line of cytosine deaminase expressed human bone marrow derived 

mesenchymal stem cell with green fluorescence protein reporter gene (CD/5-FC MSCs) still 

maintained the stem cell characteristic with positive CD90 marker and ability of differentiation 

into adipocyte and osteocyte cells. The fact that, MSCs could readily be obtained from each 

patient to be treated and the use of allogeneic and hence escaping immune vigilance 

mesenchymal stem cells (MSCs), as Trojan horses to deliver the enzyme/prodrug within the 

tumor mass is a relatively new development in gene therapy. In addition, human bone marrow 

derived  MSCs was assessed more genetically stable and inherent safety than adipose tissue 

derived  MSCs when  widespread clinical use in in vitro and in vivo experiment. The genetic 

characterization and the expression of telomerase activity of MSCs were investigated both before 

and after prolonged culture. The results showed that human bone marrow derived mesenchymal 

stem cells not only do not undergo transformation after long-term in vitro culture but also do not 

exhibit telomere maintenance mechanisms. Its mean that MSCs can be safely expanded in vitro 

and suitable for cell-therapy approaches in cancer disease (Buyanovskaya OA et al., 2009). 

While, adipose tissue-derived MSC can exhibit aneuploidy when expanded in vitro (Rubio D et 

al., 2008) and have now been shown to undergo transformation which can prove tumorigenic 

when used in vivo (Momin EN et al., 2008). 

Interestingly, the therapeutic CD/5-FC MSCs still possess a strong migration toward 

tumor in vitro. After 48 hours of exposed with Cal-72 osteosarcoma medium, a number of CD/5-

FC MSCs (133 ± 12) were invaded through Matrigel toward the bottom of upper chamber in 

transwell system. The mechanism that adult MSC migrate toward tumor are not yet fully 

understood but concerned in different tumors secreting factors. The platelet –derived growth 

factor (EGF), stromal cell derived factor (SDF)-1α , and vascular endothelial growth factor 

(VEGF)-α have been  identified as some possible chemoattractants that could have trigggerd 

adults MSC tropism for tumor [45-46] The activity inhibition of either SDF-1 or its receptor 

CXC chemokine receptor 4 (CXCR4) in experiment reveals the stem cell migration. The results 

form gene expression profiles analysis of conditioned medium exposed MSC result in that the 

down-regulation of matrix metalloproteinase-2 (MMP-2) and up-regulation of CXCR4 was 

http://www.ncbi.nlm.nih.gov/pubmed?term=Momin%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=20490366
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explained for migration enhancement. This migratory property of adults MSCs have to need to 

confirm by further evaluation to elucidate the mechanism for each tumor type specific. In in vitro 

bystander effect, our results showed that the CD/5-FC MSCs displayed a good inhibition of 

growth of Cal72 osteosarcoma in both co-cultured and conditioned medium assay. At every 

mixed ratios of therapeutic CD/5-FC MSCs and Cal72, the viability of Cal72 was decreased after 

5 days incubation that was propotional with the increasing of 5-FC concentration (0.4 – 2 

mmol/L). A high number of therapeutics cell gave rise increased quantity of converted 5-FU 

from 5-FC that lead to a strong killing effect in group of the ratios 1-1 and 2-1 of Cal72 and 

therapeutic cells. Interestingly, the Cal72 was more sensitive with conditioned medium which 

was isolated from CD/5-FC MSCs culture medium in the presence of 5-FC for 48 hours. The 

high toxicity was expected at the low of 5-FC concentration (0.4 mmol/L) in conditioned 

medium. It was explained that the converted 5-FU drug released into extra-cellular by CD/5-FC 

MSCs was stable for a time in medium culture and the bystander effect mediated by CD::UPRT 

gene directed enzyme prodrug therapy does not require a direct cell to cell contact or functional 

gap (Khatri A et al., 2006). 

Next, we would like to confirm that whether the CD/5FC MSCs system give a 

breakthrough outcome when combined treatment. The toxicity of 5-FC CM was tested in the 

combination with anti-cancer Saururus chinensis phytochemical, a perennial herb commonly 

called Chinese lizard’s tail or Sam-baek-cho in Korea. The anti-proliferative neolignans, 

80%EtOH extract from the aerial parts of from Saururus chinensis was reported again 24 human 

cancer cell lines without any remarkable cytotoxic effects on human normal cells as a control, 

moreover, this phytochemical were exhibited more active compared with those of the anticancer 

agents cisplatin and doxorubicin (Hahm JC et al., 2005)(Lee YJ et al., 2012). In our study, the 

Saururus chinensis exhibited high toxicity with human Cal-72 osteosarcoma but had no 

inhibitory effect on human mesenchymal stem cell. Interesting, the cell survival of osteosarcoma 

Cal-72 was decreased in the combined CD/5-FC MSCs  and SC group compare to either only 

CD/5-FC CM or SC group regardless of concentration of 5-FC in conditioned medium. It could 

be said that the combination of 5-FC CM and SC enhanced a strong cytotoxicity effect to 

osteosarcoma. These results suggested that the ideally co-ordination of CD/5-FC MSCs system 

and Saururus chinensis phytochemical may be further investigated in osteosarcoma cancer 

http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=22863938


43 
 

treatment in pre-clinical. The under mechanism of this combined toxicity effect have to need to 

investigate futher. 

In vivo experiments, 50% of therapeutic CD/5-FC MSCs displayed the tumor regression 

contract to the tumor burden observed in the animal injected with Cal72 only. The transient 

increasing of tumor volume in animal coinjected with CD/5-FC MSCs in day 2-3 was explained 

by microenvironment released from MSCs. Once 5-FC pro-drug was administrated, the tumor 

volume decreased gradually from day 5 based on converted 5-FU toxicity and bystander effect. 

In this experiment, we show for the first time the ability of CD/5-FC MSCs inhibit the growth of 

osteosarcoma Cal72 both in vitro and in vivo.  

In conclusion, we demonstrated the MSC obtained from human bone marrow could be 

homeostatic and migrate toward osteosarcoma cancer cells and could bring about killing effect 

when couple with the cytosine deaminase/5-FC prodrug cancer gene therapy system. The stem 

cell target tumor therapy is not only offer a hope in the obviate formation of metastatic but aslo 

no express the serious side effect as normal anticancer drugs. Moreover, human bone marrow 

derived MSCs are easily obtained and handle in in vitro, and could be gene manipulated stable 

for long time. These results are important evidence before staring the further validation in vivo 

studies using animal model to demonstrate the remarkable advantages of stem cell-based 

therapeutic gene therapies. 

 

 

 

 

 

 

 

 



44 
 

Reference 

Altaner C. 2008. Prodrug cancer gene therapy, Cancer Letter. 270(2): 191-201. 

Bak XY, Lam DH, Yang J, Ye K, Wei EL, Lim SK, Wang S. 2011. Human embryonic stem 

cell-derived mesenchymal stem cells as cellular delivery vehicles for prodrug gene therapy of 

glioblastoma, Human Gene Therapy. 22(11): 1365-1377. 

Bernardo ME, Zaffaroni N, Novara F, Cometa AM, Avanzini MA, Moretta A, Montagna D, 

Maccario R, Villa R, Daidone MG, Zuffardi O, Locatelli F. 2007. Human bone marrow 

derived mesenchymal stem cells do not undergo transformation after long-term in vitro culture 

and do not exhibit telomere maintenance mechanisms, Cancer Research. 67(19): 9142–9149. 

Bhaumik S. 2011. Advances in imaging gene-directed enzyme prodrug therapy, Current 

Pharmarcy Biotechnology. 12(4): 497-507. 

Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, Kotz R, Salzer-

Kuntschik M, Werner M, Winkelmann W, Zoubek A, Jürgens H, Winkler K. 2002. Prognostic 

factors in high-grade osteosarcoma of the extremities or trunk: an analysis of 1,702 patients 

treated on neoadjuvant cooperative osteosarcoma study group protocols, Journal of Clinical 

Oncology. 20: 776–790. 

Broadhead ML, Clark JC, Myers DE, Dass CR, Choong PF. 2011. The molecular pathogenesis 

of osteosarcoma: a review. Sarcoma. 2011:959248 

Bruder SP, Ricalton NS, Boynton RE, Connolly TJ, Jaiswal N, Zaia J, Barry FP. 1998. 

Mesenchymal stem cell surface antigen SB-10 corresponds to activated leukocyte cell adhesion 

molecule and is involved in osteogenic differentiation, Journal of Bone and Mineral Research. 

13(4): 655–663. 

Bruder SP, Ricalton NS, Boynton RE, Connolly TJ, Jaiswal N, Zaia J, Barry FP. 1998. 

Mesenchymal stem cell surface antigen SB-10 corresponds to activated leukocyte cell adhesion 

molecule and is involved in osteogenic differentiation. J. Bone Miner. Res. 13 (4): 655–663.  

http://www.ncbi.nlm.nih.gov/pubmed/18502571
http://www.ncbi.nlm.nih.gov/pubmed?term=Wei%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=21425958
http://www.ncbi.nlm.nih.gov/pubmed?term=Lim%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21425958
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21425958
http://www.ncbi.nlm.nih.gov/pubmed/21425958
http://www.ncbi.nlm.nih.gov/pubmed/21342105
http://www.ncbi.nlm.nih.gov/pubmed/21342105
http://www.ncbi.nlm.nih.gov/pubmed?term=Kotz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11821461
http://www.ncbi.nlm.nih.gov/pubmed?term=Broadhead%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=21559216
http://www.ncbi.nlm.nih.gov/pubmed?term=Clark%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21559216
http://www.ncbi.nlm.nih.gov/pubmed?term=Myers%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=21559216
http://www.ncbi.nlm.nih.gov/pubmed?term=Dass%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=21559216
http://www.ncbi.nlm.nih.gov/pubmed?term=Choong%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=21559216
http://www.ncbi.nlm.nih.gov/pubmed/21559216


45 
 

Buyanovskaya OA, Kuleshov NP, Nikitina VA, Voronina ES, Katosova LD, Bochkov NP. 

2009. Spontaneous aneuploidy and clone formation in adipose tissue stem cells during different 

periods of culturing, Bulletin of Experimental Biology and Medicine. 148(1): 109–112. 

Can A,  Balci D. 2011. Isolation, culture, and characterization of human umbilical cord stroma-

derived mesenchymal stem cells, Methods in Molecular Biology. 698: 51-62. 

Cavarretta TI, Veronika A, Miroslava M, Lucia K, Zoran C, Cestmir A. 2010. Adipose Tissue–

derived Mesenchymal Stem Cells Expressing Prodrug-converting Enzyme Inhibit Human 

Prostate Tumor Growth, Molecular Therapy. 18(1): 223–231. 

Chai L-P, Wang Z-F, Liang W-Y, Chen L, Chen D. 2013. In Vitro and In Vivo Effect of 5-FC 

Combined Gene Therapy with TNF-α and CD Suicide Gene on Human Laryngeal Carcinoma 

Cell Line Hep-2. PLoS ONE 8(4): e61136. 

Christensen CL, Gjetting T, Poulsen TT, Cramer F, Roth JA, Poulsen HS. 2010. Targeted 

cytosine deaminase-uracil phosphoribosyl transferase suicide gene therapy induces small cell 

lung cancer-specific cytotoxicity and tumor growth delay. Clin Cancer Res. 16(8):2308-2319. 

 Corsten MF, Shah K. 2008. Therapeutic stem-cells for cancer treatment: hopes and hurdles in 

tactical warfare, Lancet Oncology. 9: 376-384. 

Gopinath P, Ghosh SS. 2008. Implication of functional activity for determining therapeutic 

efficacy of suicide genes in vitro, Biotechnology Letters. 30(11): 1913-1921. 

Gopinath P, Ghosh SS. 2009. Understanding apoptotic signaling pathways in cytosine 

deaminase-uracil phosphoribosyl transferase-mediated suicide gene therapy in vitro,  

Molecular and Cellular Biochemistry. 324(1-2): 21-29. 

Grisendi G, Bussolari R, Cafarelli LL, Petak I, Rasini V, Veronesi E, De Santis G, Spano C, 

Tagliazzucchi M, Barti-Juhasz H, Scarabelli L, Bambi F, Frassoldati A, Rossi G, Casali C, 

Morandi U, Horwitz EM, Paolucci P, Conte P, Dominici M. 2010. Adipose-derived 

mesenchymal stem cells as stable source of tumor necrosis factor-related apoptosis-inducing 

ligand delivery for cancer therapy, Cancer Research. 70(9): 3718-3729. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Can%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21431510
http://www.ncbi.nlm.nih.gov/pubmed?term=Balci%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21431510
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavarretta%20IT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kucerova%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Altaner%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Christensen%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Gjetting%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Poulsen%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Cramer%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Roth%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Poulsen%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=20371678
http://www.ncbi.nlm.nih.gov/pubmed/20371678
http://www.ncbi.nlm.nih.gov/pubmed?term=Corsten%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=18374291
http://www.ncbi.nlm.nih.gov/pubmed/18374291
http://www.ncbi.nlm.nih.gov/pubmed?term=Gopinath%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18594769
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=18594769
http://www.ncbi.nlm.nih.gov/pubmed/18594769
http://www.ncbi.nlm.nih.gov/pubmed?term=Gopinath%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19082916
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=19082916
http://www.ncbi.nlm.nih.gov/pubmed/19082916
http://www.ncbi.nlm.nih.gov/pubmed/19082916
http://www.ncbi.nlm.nih.gov/pubmed?term=Cafarelli%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Spano%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Tagliazzucchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Barti-Juhasz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Scarabelli%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Bambi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Frassoldati%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Casali%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Morandi%20U%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Paolucci%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Conte%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed?term=Dominici%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20388793
http://www.ncbi.nlm.nih.gov/pubmed/20388793


46 
 

Hahm JC, Lee IK, Kang WK, Kim SU, Ahn YJ. 2005. Cytotoxicity of neolignans identified in 

Saururus chinensis towards human cancer cell lines, Planta Medica. 71(5): 464-469. 

Haynesworth SE, Baber MA, Caplan AI. 1992. Cell surface antigens on human marrow-

derived mesenchymal cells are detected by monoclenal antibodies, Bone. 13(1): 69-80. 

Haynesworth SE, Baber MA, Caplan AI. 1992. Surface antigens on human marrow-derived 

mesenchymal cells are detected by monoclonal antibodies. Bone. 13(1): 69–80. 

Imitola J, Raddassi K, Park KI, Mueller FJ, Nieto M, Teng YD, Frenkel D, Li J, Sidman RL, 

Walsh CA, Snyder EY, Khoury SJ. 2004. Directed migration of neural stem cells to sites of 

CNS injury by the stromal cell-derived factor 1alpha/CXC chemokine receptor 4 pathway, 

Proceedings of the National Academy of Sciences of the United states of America. 101(52): 

18117-18122. 

Kanai F, Kawakami T, Hamada H, Sadata A, Yoshida Y, Tanaka T, Ohashi M, Tateishi K, 

Shiratori Y, Omata M. 1998. Adenovirus-mediated transduction of Escherichia coli uracil 

phospho-ribosyltransferase gene sensitizes cancer cells to low con-centrations of 5-fluorouracil, 

Cancer Research. 58: 1946 –1951. 

Kassem M. 2004. Mesenchymal stem cells: biological characteristics and potential clinical 

applications, Cloning Stem Cells. 6(4): 369–374. 

Khatri A, Zhang B, Doherty E, Chapman J, Ow K, Pwint H, Martiniello-Wilks R, Russell PJ. 

2006. Combination of cytosine deaminase with uracil phosphoribosyl transferase leads to local 

and distant bystander effects against RM1 prostate cancer in mice, Journal Gene Medicine. 

8(9): 1086-1096. 

Kidd S, Caldwell L, Dietrich M, Samudio I, Spaeth EL, Watson K, Shi Y, Abbruzzese J, 

Konopleva M, Andreeff M. 2010. Mesenchymal stromal cells alone or expressing interferon-beta 

suppress pancreatic tumors in vivo, an effect countered by anti-inflammatory 

treatment. Cytotherapy. 12: 615–625. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SU%5BAuthor%5D&cauthor=true&cauthor_uid=15931587
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=15931587
http://www.ncbi.nlm.nih.gov/pubmed/15931587
http://www.ncbi.nlm.nih.gov/pubmed?term=Imitola%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://www.ncbi.nlm.nih.gov/pubmed?term=Nieto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://www.ncbi.nlm.nih.gov/pubmed?term=Teng%20YD%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://www.ncbi.nlm.nih.gov/pubmed?term=Frenkel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15608062
http://en.wikipedia.org/wiki/Proceedings_of_the_National_Academy_of_Sciences_of_the_United_States_of_America
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Doherty%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Chapman%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Ow%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Pwint%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Martiniello-Wilks%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed?term=Russell%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16832832
http://www.ncbi.nlm.nih.gov/pubmed/16832832


47 
 

Kidd S, Spaeth E, Dembinski JL, Dietrich M, Watson K, Klopp A, Battula VL, Weil M, Andreeff 

M, Marini FC. 2009. Direct evidence of mesenchymal stem cell tropism for tumor and wounding 

microenvironments using in vivo bioluminescent imaging. Stem Cells. 27: 2614–2623. 

Kosaka H, Ichikawa T, Kurozumi K, Kambara H, Inoue S, Maruo T, Nakamura K, Hamada H, 

Date I. 2012. Therapeutic effect of suicide gene-transferred mesenchymal stem cells in a rat 

model of glioma, Cancer Gene Therapy. 19(8): 572-578. 

Lee YJ, Kim J, Yi JM, Oh SM, Kim NS, Kim H, Oh DS, Bang OS, Lee J. 2012. Anti-

proliferative neolignans from Saururus chinensis against human cancer cell lines,  Biological & 

Pharmaceutical Bulletin. 35(8):1361-1366. 

Loebinger MR, Kyrtatos PG, Turmaine M, Price AN, Pankhurst Q, Lythgoe MF, Janes SM. 2009. 

Magnetic resonance imaging of mesenchymal stem cells homing to pulmonary metastases using 

biocompatible magnetic nanoparticles. Cancer Res. 69: 8862–8867. 

Loebinger MR, Janes SM. 2010. Stem cells as vectors for antitumour therapy. Thorax. 65(4): 

362-369 

Longhi A, Errani C, De Paolis M, Mercuri M, Bacci G. 2006. Primary bone osteosarcoma in 

the pediatric age: state of theart, Cancer Treatment Reviews. 32: 423–436. 

Luria EA, Panasyuk AF, Friedenstein AY. 1971. Fibroblast colony formation from monolayer 

cultures of blood cells, Transfusion. 11(6): 345–349. 

Menon LG, Picinich S, Koneru R, Gao H, Lin SY, Koneru M, Mayer-Kuckuk P, Glod J, Banerjee 

D. 2007. Differential gene expression associated with migration of mesenchymal stem cells to 

conditioned medium from tumor cells or bone marrow cells. Stem Cells. 25:520–528. 

Mitchell JB, McIntosh K, Zvonic S, Garrett S, Floyd ZE, Kloster A, Halvorsen YDi, Storms 

RW, Goh B, Kilroy G, Wu X, Gimble JM. 2006. Immunophenotype of human adipose-derived 

cells: temporal changes in stromal-associated and stem cell-associated markers, Stem Cells. 

24(2): 376–385. 

Mitchell JB, McIntosh K, Zvonic S, Garrett S, Floyd ZE, Kloster A, Di Halvorsen Y, Storms 

RW, Goh B, Kilroy G, Wu X, Gimble JM. 2006. Immunophenotype of human adipose-derived 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kurozumi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Kambara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Inoue%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Maruo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Hamada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Date%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22744211
http://www.ncbi.nlm.nih.gov/pubmed/22744211
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Yi%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Bang%20OS%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22863938
http://www.ncbi.nlm.nih.gov/pubmed/22863938
http://www.ncbi.nlm.nih.gov/pubmed/22863938
http://www.ncbi.nlm.nih.gov/pubmed?term=Loebinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20388765
http://www.ncbi.nlm.nih.gov/pubmed?term=Janes%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20388765
http://www.ncbi.nlm.nih.gov/pubmed/20388765


48 
 

cells: temporal changes in stromal-associated and stem cell-associated markers. Stem Cells. 24 

(2): 376–385. 

Moll G, Jitschin R, vonBahr L, Rasmusson -Duprez I, Sundberg B, Lonnies L, Elgue G, 

Nilsson-Ekdahl K, Moug iakakos D, Lambris JD, Ringden O, Katarina LB, Nilsson B. 2011. 

Mesenchymal stromal cells engage complement and complement receptor bearing innate 

effector cells to modulate immune responses, Peer-Reviewed Open Access Journal, 6:e21703. 

Momin EN, Vela G, Zaidi HA, Quiñones-Hinojosa A. 2010. The Oncogenic Potential of 

Mesenchymal Stem Cells in the Treatment of Cancer: Directions for Future Research, Current 

Immunology Reviews. 6(2): 137-148. 

Motaln H, Schichor C, Lah TT. 2010. Human mesenchymal stem cells and their use in cell-

based therapies, Cancer. 116: 2519-2530. 

Nakamura K, Ito Y, Kawano Y, Kurozumi K, Kobune M, Tsuda H, Bizen A, Honmou O, 

Niitsu Y, Hamada H. 2004. Antitumor effect of genetically engineered mesenchymal stem cells 

in a rat glioma model, Gene Therapy. 11(14):1155-1164. 

Osteosarcoma: Overview. 2013. American Cancer Society. 

Ottaviani G, Jaffe N. 2009. The epidemiology of osteosarcoma. Cancer Treat Res.152:3-13. 

Patel SA, Meyer JR, Greco SJ, Corcoran KE, Bryan M, Rameshwar P. 2010. Mesenchymal stem 

cells protect breast cancer cells through regulatory T cells: role of mesenchymal stem cell-derived 

TGF-beta.J Immunol. 184:5885–5894. 

Ponte AL, Marais E, Gallay N, Langonne A, Delorme B, Herault O, Charbord P, Domenech J. 

2007. The in vitro migration capacity of human bone marrow mesenchymal stem cells: 

comparison of chemokine and growth factor chemotactic activities, Stem Cells. 25: 1737–1745.  

Porada CD, Almeida-Porada G. 2010. Mesenchymal stem cells as therapeutics and vehicles for 

gene and drug delivery. Advanced Drug Delivery Reviews. 62(12): 1156-1166. 

Qiao L, Xu Z, Zhao T, Zhao Z, Shi M, Zhao RC, Ye L, Zhang X. 2008. Suppression of 

tumorigenesis by human mesenchymal stem cells in a hepatoma model. Cell Research. 18(4): 

500-507.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Momin%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=20490366
http://www.ncbi.nlm.nih.gov/pubmed?term=Vela%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20490366
http://www.ncbi.nlm.nih.gov/pubmed?term=Zaidi%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=20490366
http://www.ncbi.nlm.nih.gov/pubmed?term=Qui%C3%B1ones-Hinojosa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20490366
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=1573-3955
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=1573-3955
http://www.ncbi.nlm.nih.gov/pubmed?term=Motaln%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20301117
http://www.ncbi.nlm.nih.gov/pubmed?term=Schichor%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20301117
http://www.ncbi.nlm.nih.gov/pubmed/20301117
http://www.ncbi.nlm.nih.gov/pubmed/15141157
http://www.ncbi.nlm.nih.gov/pubmed?term=Ottaviani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20213383
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaffe%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20213383
http://www.ncbi.nlm.nih.gov/pubmed/20213383
http://www.ncbi.nlm.nih.gov/pubmed?term=Porada%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=20828588
http://www.ncbi.nlm.nih.gov/pubmed/18364678


49 
 

Ringe J, Strassburg S, Neumann K, Endres M, Notter M, Burmester GR, Kaps C, Sittinger . 

2007. Towards in situ tissue repair: human mesenchymal stem cells express chemokine 

receptors CXCR1, CXCR2 and CCR2, and migrate upon stimulation with CXCL8 but not 

CCL2, Jounal of Cell Biochemical. 101: 135–146.  

Rubio D, Garcia S, De la Cueva T, Paz MF, Lloyd AC, Bernad A, Garcia-Castro J. 2008. 

Human mesenchymal stem cell transformation is associated with a mesenchymal epithelial 

transition, Experimental Cell Research. 314(4): 691–698. 

Sasportas LS, Kasmieh R, Wakimoto H, Hingtgen S, van de Water JA, Mohapatra G, Figueiredo 

JL, Martuza RL, Weissleder R, Shah K. 2009. Assessment of therapeutic efficacy and fate of 

engineered human mesenchymal stem cells for cancer therapy. Proc Natl Acad Sci U S A. 106: 

4822–4827. 

Seshareddy K, Troyer D, Weiss ML. 2008. Method to isolate mesenchymal-like cells from 

Wharton's Jelly of umbilical cord, Methods Cell Biology. 86: 101-119. 

Soleymaninejadian E, Pramanik K, Samadian E. 2010. Immunomodulatory properties of 

mesenchymal stem cells: cytokines and factors, American Journal of Reproductive 

Immunology. 67: 1–8. 

Son BR, Marquez-Curtis LA, Kucia M, Wysoczynski  M, Turner AR, Ratajczak J, Ratajczak 

MZ, Janowska-Wieczorek A. 2006. Migration of bone marrow and cord blood mesenchymal 

stem cells in vitro is regulated by stromal-derived factor-1-CXCR4 and hepatocyte growth 

factor-c-met axes and involves matrix metalloproteinases, Stem Cells. 24(5): 1254-1264. 

Studeny M, Marini FC, Champlin RE, Zompetta C, Fidler IJ, Andreeff M. 2002. Bone marrow-

derived mesenchymal stem cells as vehicles for interferon-beta delivery into tumors. Cancer Res.62: 

3603–3608. 

Teo AK, Vallier L. 2010. Emerging use of stem cells in regenerative medicine, Biochemical 

Journal. 428: 11-23.  

http://www.ncbi.nlm.nih.gov/pubmed/18442646
http://www.ncbi.nlm.nih.gov/pubmed?term=Wysoczynski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16410389
http://www.ncbi.nlm.nih.gov/pubmed?term=Turner%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=16410389
http://www.ncbi.nlm.nih.gov/pubmed?term=Ratajczak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16410389
http://www.ncbi.nlm.nih.gov/pubmed?term=Janowska-Wieczorek%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16410389
http://www.ncbi.nlm.nih.gov/pubmed/16410389
http://www.ncbi.nlm.nih.gov/pubmed/20423328
http://www.ncbi.nlm.nih.gov/pubmed/20423328


50 
 

Tiraby M, Cazaux C, Baron M. 1998. Concomitant expression of E. coli cytosine deaminase 

and uracil phosphoribosyltransferase improves the cytotoxicity of 5-fluorocy-tosine, 

Microbiology Letters. 167: 41– 49. 

Valerie Siclari A, Ling Q. 2010. Targeting the osteosarcoma cancer stem cell, Journal of 

Orthopaedic Surgery and Research. 5: 78. 

Vigorita VJ. 2008. Orthopaedic Pathology. Lippincott, Williams & Wilkins, Philadelphia, Pa, 

USA. 

Xiaoyang L, Frank M, Marina K, Wendy S, Yuexi S, Jared B, Karen C-D, Rui-Yu W, Weiguo 

Z, Xiaoqing Y, Hongbo L, Lisa C, Michael A. 2010. Mesenchymal Stem Cells Overexpressing 

IFN-β Inhibit Breast Cancer Growth and Metastases through Stat3 Signaling in a Syngeneic 

Tumor Model, Cancer Microenvironment. 3(1): 83–95. 

Xu-Yong S, Jiang N, Ke Q, Garth LW, Long-Jun D. 2011. Mesenchymal stem cell-mediated 

cancer therapy: A dual-targeted strategy of personalized medicine, World Journal of Stem 

Cells. 3(11): 96-103. 

Yang B, Wu X, Mao Y, Bao W, Gao L, Zhou P, Xie R, Zhou L, Zhu J. 2009. Dual-targeted 

antitumor effects against brainstem glioma by intravenous delivery of tumor necrosis factor-related, 

apoptosis-inducing, ligand-engineered human mesenchymal stem cells. Neurosurgery. 65: 610-624. 

Yi BR, Choi KJ, Kim SU, Choi KC. 2012. Therapeutic potential of stem cells expressing 

suicide genes that selectively target human breast cancer cells: evidence that they exert 

tumoricidal effects via tumor tropism, International Journal Oncology. 41(3): 798-804. 

Yi BR, Hwang KA, Kim YB, Kim SU, Choi KC. 2012. Effects of Genetically Engineered 

Stem Cells Expressing Cytosine Deaminase and Interferon-Beta or Carboxyl Esterase on the 

Growth of LNCaP Prostate Cancer Cells. Int J Mol Sci.13(10):12519-12532. 

Zischek C, Niess H, Ischenko I, Conrad C, Huss R, Jauch KW, Nelson PJ, Bruns C. 2009. 

Targeting tumor stroma using engineered mesenchymal stem cells reduces the growth of 

pancreatic carcinoma. Ann Surg. 250:747–753. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Burks%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20RY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caldwell%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SU%5BAuthor%5D&cauthor=true&cauthor_uid=22736197
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=22736197
http://www.ncbi.nlm.nih.gov/pubmed/22736197
http://www.ncbi.nlm.nih.gov/pubmed?term=Yi%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed?term=Hwang%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YB%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SU%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=23202910
http://www.ncbi.nlm.nih.gov/pubmed/23202910


51 
 

ACKNOWLEDGEMENT 

 

 

 I would like to express my deepest sincere thanks to my thesis advisor, Prof. Dong-kee 

Jeong sir for his valuable advice, splendid supervision and constant patience through which this 

work was able to take the shape in which it has been presented. It was his valuable discussions 

and endless endeavors through which I have gained a lot. His constant encouragement and 

confidence-imbibing attitude has always been a moral support for me. 

 

 I am grateful to Department of Biotechnology, College of Applied Life Science, Jeju 

National University, for provide me the necessary facilities for my study. My special thanks and 

gratitude are devoted to Prof. Sung-Jong Oh, Prof. Se-Pill Park Prof. Dong-Sun Lee, Prof. So-

Mi Kim, Prof. Tatsuya Unno, Department of Biotechnology, Applied Life Science, Jeju National 

University, for their endless help, support, patience, and incitement throughout my study. I owe a 

special word of thanks to all the faculty members of Department for their constant 

encouragement and support throughout this duration. 

   

 There are too many people who have helped me during my journey that I need to thank. 

However, there are some people that definitely deserve a place in my thesis. I feel lacunae of 

words to express my most heartfelt and cordial thanks to my lab mates Dr. Jin-Nam Kim, Ms 

Young-Suk Park, Dr. Neelesh Sharma, Dr. Simrinder Sodhi, Ms Nameun, Mr Jeong-Hyun Kim, 

Mr Do Huynh Luong, Ms Kang, Ms Han, Dr. Mrinmoy Ghosh and to my all other Vietnamese 

friends and Korean students for their helps, who have always been a source of inspiration for me 

and who stood by my side at the toughest times. 

 I most gratefully acknowledge my parents, member of my family for their love 

encouragement and understanding throughout the period of this research. I thank the almighty 

whose blessings have enabled me to accomplish my dissertation work successfully.  

 Finally, I wish to extend a warm thanks to everybody involved directly or indirectly with 

my work 



PDF Merger

Thank you for evaluating AnyBizSoft PDF 
Merger! To remove this page, please 
register your program! 

Go to Purchase Now>>

Merge multiple PDF files into one

 Select page range of PDF to merge

 Select specific page(s) to merge

 Extract page(s) from different PDF 

files and merge into one

AnyBizSoft

http://www.anypdftools.com/pdf-merger.html
http://www.anypdftools.com/pdf-merger.html
http://www.anypdftools.com/buy/buy-pdf-merger.html
http://www.anypdftools.com/pdf-merger.html
http://www.anypdftools.com/pdf-merger.html

	1. INTRODUCTION
	2. LITERATURE RIVIEW
	3. MATERIALS AND METHODS
	2.1. Reagents
	2.2. Cell culture
	2.3. Immunofluorescence staining
	2.4. Adipogenic and Osteogenic differentiation
	2.5. Plasmid construction
	2.6. Transfection of pEGFP-CD-UPRT
	2.7. Reverse transcription polymerase chain reaction (RT-PCR)
	2.8. Western blot analysis
	2.9. Cytotoxicity assay
	2.10. Cell migration assay
	2.11. Animal experiment
	2.12. Statistical Analysis

	4. RESULTS
	4.1. Isolation and in vitro characteristics of hBM MSCs
	4.2. The stem cell properties of CD/5-FC MSCs are not affected by transgene expression
	4.3. Cytotoxicity of 5-FU to osteosarcoma Cal72 cells
	4.4. CD/5-FC tropism to Cal72 cells in vitro
	4.5. In vitro bystander effect of CD/5-FC MSCs toward Cal72 cells
	4.6. The therapeutic CD/5-FC MSCs inhibited tumor growth in vivo

	5. DISCUSSION
	REFERENCES
	ACKNOWLEDGEMENTS


<startpage>11
1. INTRODUCTION 1
2. LITERATURE RIVIEW 4
3. MATERIALS AND METHODS 11
 2.1. Reagents 11
 2.2. Cell culture 11
 2.3. Immunofluorescence staining 12
 2.4. Adipogenic and Osteogenic differentiation 12
 2.5. Plasmid construction 13
 2.6. Transfection of pEGFP-CD-UPRT 15
 2.7. Reverse transcription polymerase chain reaction (RT-PCR) 15
 2.8. Western blot analysis 17
 2.9. Cytotoxicity assay 17
 2.10. Cell migration assay 18
 2.11. Animal experiment 18
 2.12. Statistical Analysis 19
4. RESULTS 20
 4.1. Isolation and in vitro characteristics of hBM MSCs 20
 4.2. The stem cell properties of CD/5-FC MSCs are not affected by transgene expression 24
 4.3. Cytotoxicity of 5-FU to osteosarcoma Cal72 cells 28
 4.4. CD/5-FC tropism to Cal72 cells in vitro 30
 4.5. In vitro bystander effect of CD/5-FC MSCs toward Cal72 cells 32
 4.6. The therapeutic CD/5-FC MSCs inhibited tumor growth in vivo 38
5. DISCUSSION 40
REFERENCES 44
ACKNOWLEDGEMENTS 51
</body>

